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Abstract 

Since 2000, ophthalmologists providing clinical services in Madang, Papua New Guinea, 
have become aware of local adult prisoners presenting with gradual vision loss. An 
informal assessment conducted in Beon Jail in 2007 indicated that at least 40 local inmates 
had a significant level of visual impairment. This was most commonly associated with 
atrophy of the optic nerves, a result of optic neuropathy (ON) and suspected to be caused 
by nutritional deficiency.  
 
A more detailed assessment of the prison population including clinical characterization of 
the ON, comprehensive dietary analysis and assessment of toxic risk factors was necessary 
to help determine disease aetiology and appropriate treatment for prisoners.  In May 2010, 
a collaborative project between the Fred Hollows Foundation and the University of Otago 
was made to further investigate the occurrence of ON previously documented in Beon 
Prison.  
 
All adult prisoners detained in Beon Prison (264 persons) were invited to participate in the 
study. Beon prison guards were also invited to participate on the basis of some shared 
environmental exposures with prisoners.  Consenting participants were individually 
interviewed regarding demography, general and ocular health, diet and lifestyle. 
Participants underwent a vision and ocular examination as well as a physical examination 
performed by a team of trained health workers.   A 24-hour dietary recall interview was 
performed on each participant and a venous blood sample was collected by venipuncture 
for the analysis of nutrients and other biomarkers.   As an additional measure of dietary 
intake, samples (n=30) of prison rations were weighed and analysed for nutrient content. 
Finally, prison food samples were analysed for lead and cadmium content. 
 
Consent was obtained for 158 prisoners and 17 prison guards.  Due to a low female 
contingent in the prison, only data collected from males was analysed. ON was found to 
be present in the prisoner population.  Of the prisoners examined (n=135), 14 had ‘definite’ 
or ‘likely’ ON and 30 had ‘possible’ ON.  No guards had ‘definite’ or ‘likely’ ON.  No cases 
of peripheral neuropathy were found in participants.  
 
The prisoner diet predominantly consisted of rice, canned corned beef, canned tuna, 
water-crackers, tea and water.  The fruit and vegetable consumption of the prisoners was 
low - 66% reported to never or rarely consume fruit and vegetables whilst in prison.  



iii 

Nutrient intake data generated from the 24 –hour recall suggested that less than 25% of 

prisoners met the estimated average requirement (EAR) for vitamin A, folate, vitamin C, 
vitamin E, potassium and calcium.  Biochemical assessment indicated that over half of the 

prisoners fell below the cut-offs values of deficiency for biochemical indicators of vitamin 

A, folate and vitamin C.  An elevated plasma homocysteine concentration was also found 
in 79% of prisoners.  Blood concentrations of !-tocopherol, thiamin, B12 and selenium 

predominantly fell within normal ranges (<5% below recommended cut-offs). 
 

Both age and time of incarceration in Beon Prison were significantly correlated with ON 
severity.  A significant inverse trend between ON severity was found with both whole 

blood folate and red blood cell folate concentrations using linear regression when adjusted 

for age and time of incarceration. Investigation into possible toxic causes of the disease 
showed a low exposure of prisoners to common risk factors of ON including alcohol, 

cassava, and lead.  Other risk factors including tobacco and the use of certain 

pharmaceutical drugs were not correlated to disease risk. 
 

Our findings suggest that folate deficiency has a likely aetiological role in the ON found in 

this prisoner population.  The involvement of other B-vitamins, nutrient deficiencies or 
toxic agents may however be causal or contributing to the onset and development of ON.  

This investigation highlighted nutritional ON in prisoners of Beon jail, Madang.  As a 
response to these findings recommendations for multivitamin supplementation and 

dietary changes including the addition of fruit, leafy green vegetables and milk powder to 

the prison diet have been made to the prison authorities in order to correct nutritional 
deficiencies and to prevent further cases of ON.  
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1 Introduction 

In 2000, ophthalmologists providing clinical services in Madang, Papua New Guinea 
(PNG) became aware of a high incidence of visual impairment in local prisoners when 
compared to rates seen in the general population. Clinical examination revealed that these 
prisoners were suffering from optic neuropathy (ON), a disease of the optic nerve that in 
its advanced stages can lead to optic atrophy, the wasting and death of optic nerve cells 
ultimately resulting in blindness (Balcer & Brasad, 2008). 
 
In May 2007, an informal ocular survey was conducted in the local prison of Madang 
(Beon Jail) in order to determine the severity of ON amongst prisoners (Demok, 2007). It 
was found that 108 prisoners had ocular symptoms of ON, 45 of whom had optic atrophy.  
Long-term prisoners (≥6 months incarceration) with ocular symptoms were more likely to 
have optic atrophy than shorter-term prisoners with ocular symptoms (prevalence of 48% 
compared to 16% respectively). Blindness (visual acuity of 6/24 or less) was present in 
15% of prisoners examined.  The investigator concluded that the level of ON in Beon was 
approaching rates of an emergency situation and immediate action should be taken. 
 
The apparent cluster of cases within the jail, in particular in long-term prisoners, the 
gradual onset, and bilateral presentation of the ON observed suggested the disease to be a 
result of a nutritional or toxic cause. Crude dietary histories of the prisoners indicated that 
the prison diet was unbalanced and almost completely lacking in fruit and vegetables. 
Nutritional deficiency was suspected as the most probable cause of the ON found in Beon 
Jail prisoners. 
 
Vision impairment and blindness cause a significant loss of quality of life, have social and 
economic implications for the impaired individual and his or her family, and the 
surrounding community.   The supplementation of nutrient insufficiency in individuals 
with nutritional ON can halt progression of vision loss where it has occurred and prevent 
development of new cases (Miller et al., 2008). 
  
A more detailed assessment of the Beon prisoners including a clinical characterization of 
the ON, a comprehensive dietary analysis and assessment of toxic risk factors was 
necessary to help determine the disease aetiology and appropriate treatment for the 
prisoners.  In May 2010, a collaborative project between the Fred Hollows Foundation and 
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the University of Otago was made to further investigate the occurrence of ON previously 
documented in Beon Jail. 
 
 
The objectives of this investigation were: 
 

1. To determine the prevalence of ON and any associated peripheral neuropathy 
amongst prisoners at Beon Jail, Madang 

2. To determine demographic and physical characteristics associated with this ON 
3. To document the nutritional intake and nutrient status of prisoners  
4. To assess the exposure of prisoners to neurotoxins 
5. To determine any nutrient and toxic correlates of ON documented in prisoners  
6. To identify prisoners currently free of ON who fit any identified at-risk profile 
7. To make recommendations to prison authorities concerning the nutritional and 

visual well-being of prisoners 
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Figure 2.1 Map of Papua New Guinea 

 
 
 

!



 3 

 

2 Literature Review 

2.1 Preface 

This literature review will begin with a brief overview of Papua New Guinea (PNG), 
where the study described in this thesis took place, including the dietary habits and 
nutritional status of the Papua New Guinean people.  An overview of optic neuropathy 
(ON) will then be given including a short summary of nutritional and toxic ON.  Specific 
nutrient deficiencies associated with ON and combined toxic-nutritional ON will be 
reviewed.  Examples of prominent cases of endemic and epidemic nutritional ON will be 
discussed within these sections, including Far East prisoner-of-war neuropathy, the Cuban 
epidemic of ON and endemic ON documented in Nigeria, Tanzania and Somalia. 
 

2.2 The Independent State of Papua New Guinea  

Papua New Guinea is the largest of the Pacific Island Nations (Figure 2.1) with an 
estimated population of 6.7 million people (The World Bank, 2011).  It is a country of many 
languages and cultures- approximately 800 languages are spoken within PNG, and a 
distinct culture is recognized in each of these language groups (World Health 
Organization, 2009).  The official languages of PNG are English, Pidgin and Motu (World 
Health Organization, 2010).  Nearly 90% of the country’s population live rurally and access 
to these communities is difficult and expensive (World Health Organization, 2010). PNG is 
classified as a “Low Human Development” country, based on the ‘Human Development 
Index’ a composite index of life expectancy, educational attainment and income (United 
Nations Development Program, 2010).  According to the development index, PNG falls in 
the bottom quarter of countries in the world (United Nations Development Program, 
2010).  Agriculture is the most important contributor to PNG’s economy with the majority 
of agricultural output coming from staple food crops (sweet potato, taro, banana, cassava, 
yam and sago palm) and export cash crops (coffee, cocoa, copra and palm oil) (Food and 
Agriculture Organization, 2003). PNG is richly endowed with natural resources (gold, 
copper and petroleum), however economic growth is constrained by a low level of human 
resource development as well as the county’s poor infrastructure and challenging 
topography (Food and Agriculture Organization, 2003).  
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Adult health 
Communicable disease is the major cause of death in PNG with insufficient immunization 
coverage (World Health Organization, 2010).   Malaria, tuberculosis, diarrhoeal diseases, 
and acute respiratory disease are significant causes of morbidity and mortality (World 
Health Organization, 2009).  Malaria is the third leading cause of death in PNG and is 
endemic in every province (World Health Organization, 2009).  HIV is a serious concern in 
PNG affecting approximately 0.9% of the population (2009 estimate) and tuberculosis 
remains a major public health concern (World Health Organization, 2009).  Non-
communicable diseases including tobacco- and alcohol-related illnesses, as well as diabetes 
and hypertension, are becoming increasing public health issues in the country (World 
Health Organization, 2010). 
 

Food choices 
Staple foods in PNG include starchy root crops, sago and banana (Food and Agriculture 
Organization, 2003).  The main sources of fats and oils are pork, fish, coconut, marita 
pandanus and imported vegetable oil (Bourke, 2009). Food habits differ hugely 
throughout PNG- in 1990 fifteen different food culture areas were identified within the 
country (Jenkins, 1996).  
 
The adoption of a modern lifestyle, predominantly in urban areas, has resulted in food 
habits substantially different from those of forty years ago (Saweri, 2001).  In 2000, food 
consumption data indicated that cereals were the main energy source for PNG people 
comprising 31% of the dietary energy supply followed by starchy roots (26% of dietary 
energy supply) (Food and Agriculture Organization, 2003).  These figures are drastically 
different to those of 1964-66 when it was estimated that starchy roots provided almost 50% 
of dietary energy supply (Mittendorfer, 1999).  
 
The differences in the food habits and nutritional status of urban and rural populations are 
striking (Saweri, 2001). Urban dwellers consume more rice, wheat-based food, soft drink 
and beer and less root crops and bananas than their rural counterparts (Gibson & Rozelle, 
1998).  The rural population of PNG is more likely to consume locally grown food than 
urban dwellers, with local foods comprising 80% of dietary energy supply in rural 
dwellers compared with 50% in urban dwellers (Gibson & Rozelle, 1998).   
 
In impoverished areas of PNG (largely rural areas) carbohydrate intake is generally 
sufficient whereas the intake of proteins and fats is largely insufficient, resulting in some of 
the lowest measures of health and life income in the Asia-Pacific Region (Bourke, 2009). In 
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1998-2000 it was estimated that 27% of the population (1.3 million people) were 
undernourished (Food and Agriculture Organization, 2003). 
 

Nutritional status 
Three major nutritional surveys have been conducted in PNG, the 1982/83 National 
Nutrition Survey (Gibson & Rozelle, 1998), the PNG household food survey (Gibson & 
Rozelle, 1998), and the 2005 National Nutrition Survey (Department of Health of Papua 
New Guinea et al., Unpublished data). 
 
In 2005, the prevalence of chronic energy deficiency in PNG adults was 5% in non-
pregnant women and 3% in men according to WHO cut-offs (BMI<18.5) (Department of 
Health of Papua New Guinea et al., Unpublished data). The prevalence was highest in the 
Southern region (11% in females and 8% in males).  On the other hand overweight is 
becoming an increasing public health issue in urban areas of PNG.  Overweight (BMI 25-
29.9 kg/m2) was found in 17% of non-pregnant women and 16% of males, and obesity 
(BMI> 30kg/m2) was found in 5% of women and 4% of males. 
 
Little is known about the nutritional status of Papua New Guineans.  The 2005 National 
Nutrition Survey limited biochemical assessment to that of vitamin A and iron status of 
non-pregnant women and preschool-aged children, and iodine status of non-pregnant 
women (Department of Health of Papua New Guinea et al., Unpublished data).  High rates 

of clinical vitamin A deficiency (serum retinol< 0.35µmol/L) were observed in preschool-
aged children (26%) (n=875). The prevalence of vitamin A deficiency was however very 
low in non-pregnant women (aged 15-45 years), with only 0.7% falling below the cut-off 
for deficiency (n=751). The prevalence of iodine deficiency in non-pregnant women was 
29% (urinary iodine concentration <100µg/L), falling below rates indicative of a public 
health problem. 
 
Iron deficiency (TfR>8.0µg/L) was found in 20% of non-pregnant women and 28% of 
preschool children.  Rates of anaemia (Hb<11.0g/dL in children, Hb<12.0g/dL in women, 
and Hb<13.0g/dL in men) were much higher however, seen in 48% of preschool children, 
36% of non-pregnant females, and 26% of males (n=778). The low prevalence of iron 
deficiency suggests that other causes including infection are responsible for such high rates 
of anaemia. 
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Summary 
The different food habits between rural and urban PNG appear to be creating a health 
dichotomy. Those from more modernized urban areas, with better access to imported and 
processed foods are increasingly at risk of health issues that are related to overnutrition 
such as obesity, hypertension, cardiovascular disease and diabetes (Saweri, 2001).  
Meanwhile, those from rural and less modernized areas are more likely to suffer from 
health conditions resulting from undernutrition including low BMI, low child birth-
weight, stunting, pneumonia, diarrhoeal disease and anaemia (World Health 
Organization, 2010). 
 
Few studies have assessed the nutritional status of Papua New Guineans.  Further 
investigation of this will provide important information concerning the health status of 
Papua New Guineans and enable governmental and aid agencies to better assess health 
priorities within the country. 
 

2.3 Optic neuropathy 

ON refers to disorder of the optic nerve due to any cause (Biousse & Newman, 2009). In its 
advanced stages, ON leads to pallor of the optic nerve due to optic atrophy, and the 
degeneration and death of optic nerve cells ultimately resulting in blindness (Biousse & 
Newman, 2009). ON can occur from a group of disparate conditions which are either 
acquired or inherited (Friedman & Kaiser, 2007). Acquired optic neuropathies can result 
from inflammatory causes, raised intracranial pressure, optic nerve compression, trauma, 
ischemia, nutritional deficiency and/or toxic insult (Balcer & Brasad, 2008). 
  
The diagnosis of ON from any cause may be challenging and somewhat subjective, 
particularly in mild cases, where only subtle impairments of visual function occur (Miller 
et al., 2008).  Clinical features of ON include reduced central vision, reduced colour vision 
(dyschromatopsia), visual field abnormalities, relative afferent pupillary defect and pallor 
of the optic nerve head (Newman, 2009). Distinguishing forms of ON can be difficult and a 
thorough clinical examination and patient history including age, and rate of onset of visual 
loss is essential (Behbehani, 2007). 
 

!"#"$ Nutritional ON 

Nutritional ON is an acquired form of neuropathy that generally presents as progressive, 
painless, symmetrical central visual loss with reduced colour vision and central or 
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centrocaecal scotoma (Miller et al., 2008).  The disease often occurs in individuals with 
evidence of undernutrition such as weight-loss or wasting as well as in seemingly well-
nourished individuals with dietary imbalance. Cases of ‘pure’ nutritional ON caused by a 
single identified nutritional deficit are rare.  More often than not, nutritional ON occurs in 
conjunction with other aetiologies, particularly of toxic and hereditary origin (Orssaud et 
al., 2007). Nutritional ON is sometimes, but not always, seen alongside other forms of 
neuropathy causing dysfunction including peripheral sensory loss, dysphonia, 
sensorineural deafness, and dysphagia. 
 
Nutritional ON has been most well documented in urban alcoholics, and in those who 
suffer from nutritional deficiencies as a complication of other health problems (Tomsak & 
Levine, 2004).  Outbreaks of nutritional ON have been documented in various populations 
facing food shortage such as the Far East prisoners of World War II (Ridley, 1945). 
 
The onset of nutritional ON is typically insidious, painless and slowly progressive 
although it can occur acutely or subacutely (Behbehani, 2007). On clinical examination, the 
optic nerve head may be normal, slightly swollen or atrophic and there may be central or 
caecocentral scotoma due to selective involvement of the papillomacular nerve bundle 
(Biousse & Newman, 2009). Asymmetric deficit is rare in this form of ON, especially if 
nutritional deficiency is recent (Orssaud et al., 2007). When investigating cases, it is 
important that voluntary intoxication (tobacco, alcohol), or any chronic nutrient deficits or 
potential digestive pathologies are considered (Behbehani, 2007).  
 

!"#"! Toxic ON 

Various agents have been proven to damage the optic nerve including methanol, ethylene 
glycol, certain pharmaceutical drugs and heavy metals (Chan, 2009).  The clinical 
presentation of toxic ON is similar to that of nutritional ON.  Toxic ON however, can result 
in total blindness and rate of visual loss is more variable (often slower) than that seen in 
nutritional ON (Albert et al., 2008).  
 
Methanol-induced ON is one of the most common forms of toxic ON. It differs from other 
toxic optic neuropathies in that visual loss is acute, severe and permanent (Chan, 2009).  
This form of toxicity often presents in alcoholics who may have accidentally consumed 
this alcohol (Albert et al., 2008).  Large outbreaks of toxic ON have occurred on a number 
of occasions.  Examples include the 6530 cases of neuropathy associated with organic 
mercury intoxication documented in Baghdad, Iraq (Rustam & Hamdi, 1974) and the 
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10,000 cases of sub-acute myelo-optic neuropathy associated with clioquinol treatment 
documented in Japan (Meade, 1975).  
 

!"#"# Combined toxic-nutritional ON 

It is generally accepted that nutrient deficits can be the triggering factor for optic nerve 
damage in the presence of toxic exposure (Rizzo III, 1995). The most common example of 
combined toxic-nutritional ON is that seen in tobacco-alcohol amblyopia where a 
combination of heavy combined alcohol and tobacco use and poor diet are suggested to 
cause ON (Woon et al., 1995). The Cuban epidemic of ON, occurring at a time of economic 
instability, was believed to be due to a combination of nutritional deficiency and toxic 
insults from tobacco (and potentially alcohol) consumption (Pan American Health 
Organization, 1993). 
 
Cyanide toxicity from consumption of cassava alongside malnutrition has also been 
associated with ON such as seen in tropical ataxic neuropathy, a syndrome categorized by 
optic and peripheral involvement (Moore, 1934).  However, some investigators hold the 
viewpoint that ON arising in users of tobacco, alcohol and cassava are principally 
manifestations of nutritional deficiency and not a result of toxicity (Semba, 2007). 
 

!"#"% A unifying theory of ON development 

The clinical manifestations of nutritional ON and toxic ON are indistinguishable from 
maternally inherited ON (Sadun, 1998).  All present with fairly symmetrical visual loss, 
loss of visual acuity, early and profound dyschromatopsia, caecocentral defects with 
preservation of the peripheral visual field, optic disc pallor, and preferential loss of the 
papillomacular bundle (Sadun, 2002a).  
 
Leber’s hereditary ON, a maternally inherited ON, has been linked to point mutations in 
mitochondrial DNA resulting in mitochondrial respiratory chain impairment (Howell, 
1997; Chalmers & Schapira, 1999; Sadun et al., 2000).  It is believed that optic nerve 
degeneration seen in Leber’s hereditary ON occurs as a consequence of impaired energy 
production and/or a chronic increase in reactive oxygen species (ROS) brought about by 
this impairment (Carelli et al., 2004).  Given the similar presentation of these aetiologies, 
researchers have suggested that nutritional and toxic forms of ON are also based on 
compromised mitochondrial function (Sadun, 1998).  
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The impact of nutrient deficiency/toxicity on mitochondrial respiration 
Mitochondrial respiration is driven by a chain of sequential oxidation-reduction reactions 
in which electrons are shuttled from one respiratory complex to the next in order to create 
adenosine triphosphate (ATP) (Voet & Voet, 1995).  Two metabolic processes, the electron 
transport chain and the citric acid cycle, are largely responsible for ATP production. 
Disruption of either of these processes results in decreased ATP synthesis and concurrent 
anaerobic glycolysis and lactic acidosis (Nicholls, 1976).  Depletion of ATP results in 
reduced energy levels and disables the maintenance of essential cell function. As ATP is 
required for fundamental cellular functions such as operating energy-requiring ion 
pumps, ATP depletion may reduce cell viability by loss of ionic and volume regulatory 
controls (Buja et al., 1993).  
 
In addition to impaired ATP production, a defect in the electron transport chain leads to 
increased generation of superoxide anions (O2

•−) and hydroxyl (•−OH) radicals resulting in 
membrane damage, lipid peroxidation and mitochondrial damage (Salway, 2008). 
Membrane damage, alongside a decrease in pH due to lactic acidosis allows for calcium 
influx into cells, leading to cell death (Bralet et al., 1991; Chacon & Acosta, 1991).  Cell 
death, resulting from mitochondrial dysfunction, may therefore be a consequence of either 
calcium overload or ATP depletion (Cheung et al., 1986; Richter & Kass, 1991). 
 
Electron transport chain impairment (impaired oxidative phosphorylation) 
Impairment of the electron transport chain has been proposed as one mechanism of 
neuronal injury in ON patients (Sadun et al., 1994).  The enzyme, cytochrome c oxidase is a 
complex metalloprotein found in the inner membrane of the mitochondrion (Brunori et al., 
1987).  It is an essential member of the electron transport chain that participates in the 
reduction of oxygen to water with concomitant ATP synthesis (Voet & Voet, 1995).  Formic 
acid, cyanide, copper deficiency and the action of several antibiotics all inhibit cytochrome 
c oxidase activity, thus resulting in decreased ATP production (Hayaishi, 1974; Nicholls, 
1976; Sadun, 2002b).  
 
Intracellular formate and cyanide can accumulate through various mechanisms.  Formate 
accumulation can result secondary to folate or vitamin B12 deficiency, or from increased 
levels of methanol or ethanol (Palese & Tephly, 1975; McMartin et al., 1977; McMartin et al., 
1980).  Cyanide can accumulate from tobacco use and from consumption of naturally 
occurring cyanide compounds in certain foods such as cassava (Spillane, 1969).  
Inadequacies of vitamins B6, B12 and folate can also result in an inadequate supply of 
cysteine, an amino acid required for cyanide excretion (Hedges et al., 1997).  The inter-
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Figure 2.2 Inter-relationships between some vitamins and detoxification of formic 
acid and cyanide (Hedges et al., 1997) 
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relationship between some vitamins and detoxification of cyanide and formate is shown in 
Figure 2.2. 
 

Antioxidant deficiency 
The cell normally contains antioxidant defenses that guard against free radical damage 
from reactive oxygen species (ROS).  ROS can disrupt mitochondrial respiratory activity, 
damage mitochondrial DNA and alter mitochondrial morphology (Salway, 2008).  Certain 
antioxidants are only obtained from dietary intake including ascorbic acid, vitamin E, and 

!-carotene (Mann & Truswell, 2002).  Insufficient intake of these antioxidants can increase 
susceptibility of mitochondria to oxidative damage, especially in the presence of increased 
oxidative stress due to high alcohol and tobacco intake (Nordmann, 1994; Faruque et al., 
1995).  It has previously been shown that the concentration and availability of certain 
carotenoids with antioxidant activity play a protective role in the development of ON 
(Cuban Neuropathy Field Investigation Team, 1995).  As well as inhibiting mitochondrial 
function, oxidative stress may impair various other cellular components resulting in 
damage to ganglion cells or their axons (Lessell, 1998). 
 

Evidence behind this mechanism of damage 
Several other lines of evidence are supportive of a mitochondrial involvement in ON.  
Compounds associated with ON, including arsenic, clioquinol, ethambutol and methanol 
are known to interfere with mitochondrial oxidative phosphorylation (Sadun, 2002a).   
Animal models have also provided evidence towards this mechanism.  Formate toxicity 
has been shown to create intra-axonal swelling and mitochondrial disruption in rhesus 
monkeys injected with toxic levels of formate (Martin-Amat et al., 1978). Mitochondrial 
impairment resulting in reduced ATP production has also been demonstrated in rats with 
increased formate levels secondary to methanol injection (Sadun, 1998). 
 

Summary 
It is not fully understood why the optic nerve is more vulnerable to impaired 
mitochondrial respiration than other parts of the central nervous system and elsewhere in 
the body.  It has been suggested that an increased vascular supply and high rate of oxygen 
consumption of the retina result in increased sensitivity (Zitting et al., 1982). Both long and 
short axonal transport have been noted as being extremely energy dependent (Sadun, 
1998).  This may explain the high rates of peripheral neuropathy (long fibres) manifesting 
alongside concurrent ON (shortest fibres in papillomacular bundle) as seen in many cases 
of endemic and epidemic ON (Sadun, 1998). 
 



!
Table 2.1 Case reports of ON attributed to folate deficiency 
 
Authors Patient Clinical history Ophthalmologic 

findings 
Diet/ lifestyle Biochemical findings Treatment Outcome 

(Adams et 
al., 1967) 

69y female  Dyschromatopsia 3-4 cigarettes/day 
Unreported alcohol intake 

Low serum folate (1.0ng/mL, NC 
>2.9ng/mL) 

Megaloblastic anemia 
Normal B12 

Low Hb (6.0 g/dL) 

Folic acid Colour vision returned 

 45y female  VA 2/12 R, 6/18 L 
Retinopathy 

Non-smoker 
Unreported alcohol intake 

Low serum folate (2.2ng/mL, NC 
>2.9ng/mL) 

Megaloblastic anemia 
Normal B12 

Low Hb (5.6 g/dL) 

Folic acid 
 

VA returned to normal 
6/6 bilaterally 

(Chisholm, 
1978) 

40y female Anemia that 
responded to liver 
& cyanocobalamin 

treatment 
Gradual visual 

loss 
 

VA 6/24 R, 6/18 L 
Dyschromatopsia 
Optic disc pallor 

15 cigarettes/day  
Cyanocobalamin supplementation 

Unreported alcohol intake 
Adequate diet in protein, vegetables 

and fats 

Low serum folate (<1ng/mL, NC 
>5ng/mL) 

High serum B12 (>1000pg/mL, 
NC>140pg/mL) 

Normal B12 absorption 
Marginal Hb (12g/dL) 

Initial treatment with 
cobalamin (no 
improvement) 
Oral folic acid 

 

Full restoration of visual 
function 

(Golnik & 
Schaible, 
1994) 

6 patients 
2 females, 4 

males 
28-53y 

 Reduced VA (6/6) 
Dyschromatopsia (6/6) 

Central/caecocentral 
scotoma (6/6) 

Optic disc pallor (3/6) 
 

20-60 cigarettes/day (6/6) 
Regular drinker 3-24 oz/day (6/6) 

 

Low serum folate (4/6)  
(NC >5ng/mL) 

or low erythrocyte folate (3/3 tested) 
Normal B12 (6/6) 

Macrocytic erythrocytes (3/6) 

Oral folic acid 
(1mg/day) (6/6) 

Patient not instructed 
to stop 

smoking/drinking 
(6/6) 

VA improvement (6/6) 
Improvement of scotoma 

(6/6) 
Supernormal folate (6/6) 

Macrocytosis resolved 
(1/3) 

(Hsu et al., 
2002) 

47y female Weight loss 
Numbness in 

fingertips 
Megaloblastic 

anemia 

VA 20/400 R, 20/100 L 
Colour vision  
0/17 R, 1/17 L 

30 cigarettes/day 
Low alcohol intake (1 glass 

brandy/day) 
Monthly injections of B12 

Reduced dietary intake (diet usually 
consisted of one bouillon cube and 
one can of Ensure® total each day) 

Low serum folate (2.7 ng/mL, NC 
>4ng/mL) 

Normal serum B12, Hb, Hct 
MCV 110 fl. 

Folic acid  
Encouraged to 
improve diet 

Significant improvement 
in vision 

VA 20/20 bilaterally 
Colour vision 10/10 

bilaterally 
No vision complaints 

(De Silva et 
al., 2008) 

44y female Bilateral 
progressive 

painless visual 
deterioration 

VA 6/60 bilaterally 
Bilateral central 

scotomas 
 

20 cigarettes/day 
Low alcohol intake (14 units of 

alcohol per week) 
Poor dietary intake usually 

including: toast with butter, 3-4 cups 
tea/coffee, potato crisps, some meat 

and potatoes 
Green leafy vegetables 1-2 

times/month 

Low serum folate (1.5 ng/mL, 
NC>2.5ng/mL) 

Low erythrocyte folate (208nmol/L, 
NC 220-620nmol/L) 

Normal serum B12, Hb 

Oral folate (5mg/day) 
Advised to reduce 

alcohol and tobacco 
consumption 

Visual improvement at 4 
weeks to VA 6/36 

bilaterally 

 
NC – normal concentration 
Hb – haemoglobin (normal concentration 13.8-18.0 g/dL males, 12.2-15.1 g/dL females) 
Hct – haematocrit 
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A mitochondrial mechanism of damage is a likely aetiology for toxic and nutritional ON.  
Although the exact mechanism of optic nerve damage is not understood, this theory 
remains probable. 
 

2.4 Causes of nutritional ON 

Nutritional ON can arise from various nutrient deficiencies.  B-complex vitamin 
deficiencies, primarily those of thiamin, folate and vitamin B12, are most commonly 
associated with the disease.  Optic neuropathies resulting from deficiencies of vitamin E, 
zinc, and copper have also been documented, although causal evidence is limited. These 
various nutrients are important for optic nerve health via numerous pathways; such as 
neurotransmitter formation and myelin synthesis (Semba, 2007). Deficiencies of the 
nutrients listed above can all act to impair mitochondrial respiration giving evidence for 
the unifying mechanism of toxic, nutritional and hereditary optic neuropathies described 
in Section 2.3. 
 

!"%"$ Folate deficiency 

Folate (vitamin B9) is integral to numerous bodily functions including maintenance and 
repair of the genome; regulation of the genome; amino-acid metabolism; and concomitant 
synthesis of myelin and neurotransmitters (Djukic, 2007). Intracellularly, folate exists 
almost exclusively as various forms of tetrahydrofolate and functions as an acceptor and 
donor of one carbon units in various biosynthetic reactions (Voet & Voet, 1995).   
 
Folate deficiency has been shown to result in polyneuropathy and is associated with 
subacute combined degeneration of the spinal cord (Manzoor & Runcie, 1976; Boetz et al., 
1978; Woon et al., 1995).  Folate deficiency is frequently observed in patients with ON, 
often in combination with other nutrient deficiencies, alcohol abuse or/and general 
malnutrition.  ON resulting ‘purely’ from folate deficiency is uncommon, making the 
singular role of folate deficiency in the disease difficult to determine. Folate corrective ON 
has however been described on occasion (Adams et al., 1967; Chisholm, 1978; Golnik & 
Schaible, 1994; Hsu et al., 2002; De Silva et al., 2008); these case reports are summarized in 
Table 2.1.  
 
Prior to treatment each case reported in Table 2.1 displayed folate deficiency, which was 
likely to have been a result of excessive alcohol intake and/or poor dietary intake.  
Treatment with folate resulted in visual correction in all individuals.  Although the high 
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Figure 2.3 Biochemical pathways involving folate and vitamin B12 (Scott, 1999) 
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rate of alcohol consumption (8/11 cases) and tobacco consumption (10/11 cases) may 
implicate a toxic role of these substances, folate administration in 6 patients with ON was 
shown to be effective despite continued smoking and drinking (Golnik & Schaible, 1994).  
This therefore suggests that any potential toxic insults from either tobacco or alcohol intake 
may be secondary to this nutritional deficiency.  Interestingly these individuals all 
presented with normal vitamin B12 status. 
 
Folate deficiency has been commonly reported in patients diagnosed with tobacco-alcohol 
amblyopia, a form of ON attributed to tobacco and/or alcohol abuse.  In one observational 
study involving 45 patients, 14 had markedly low serum folate concentrations (<4ng/mL) 
(Foulds, 1970). Another study of 77 patients showed just under half (n=32) had serum 
folate concentrations below normal (<5ng/mL) further suggesting folate deficiency to be a 
factor in the disease (Chisholm, 1978). Finally, a case-control study comparing 26 patients 
with nutritional amblyopia to 36 control participants showed serum folate and erythrocyte 
folate concentrations to be significantly lower in cases when compared with controls 
(Knox et al., 1982). These findings indicate that folate deficiency may play a role in at least 
some cases of tobacco-alcohol amblyopia. 
 
A recent case-control study conducted in Tanzania has provided substantial evidence for a 
role of folate deficiency in ON (Hodson et al., 2011). ON was reported to be epidemic in 
Dar-es-Salaam, Tanzania in 1988 and now (2011) occurs endemically. In a case-control 
study including 57 ON patients and 102 healthy controls higher serum folate concentration 
was significantly associated with decreased risk of disease (OR 0.11, 95%CI 0.02-0.51). A 
higher protein intake was also found to be protective (OR 0.84, 95%CI 0.72-0.96) whilst 
cooking indoors was associated with significant increased risk (OR 54.48, 95%CI 9.30-
319.10).  Smoking, alcohol, cassava, and anti-malarial drugs were found to be unrelated to 
ON in this population. 
 

Mechanism of folate deficiency 
Folate is an essential co-factor in methionine metabolism (See Figure 2.3).  Folate, in the 
form of 5-methyltetrahydrofolate (5-MTHF) donates a methyl group to homocysteine 
yielding methionine and tetrahydrofolate (THF).  This reaction is catalysed in the 
cytoplasm through the action of methionine synthase, a vitamin B12-dependent enzyme 
(Scott, 1992).  A deficiency of folate (or vitamin B12) therefore results in accumulation of 
homocysteine and impaired production of methionine and THF.  Folate is most likely to be 
involved in optic nerve degeneration via two mechanisms: the impairment of 
mitochondrial respiration resulting from poor THF status and/or the impairment of 
myelin formation resulting from poor methionine status. 
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THF is important in the detoxification of formate, a metabolite of methanol that is 
endogenously produced in the brain (Johlin et al., 1989; Kapur et al., 2007).  A poor folate 
status in individuals therefore results in the accumulation of formate, which impairs 
mitochondrial oxidative phosphorylation by inhibiting cytochrome c oxidase activity 
(Nicholls, 1975; Nicholls, 1976; Sharpe et al., 1982).  This results in decreased ATP 
production and increased oxidative stress in the cell (Reed & Savage, 1995). This 
mechanism has been demonstrated in folate-deficient swine who had a significantly 
higher serum formate concentration than controls on a folate sufficient diet (Sokoro et al., 
2008).  Interestingly formate levels are higher in alcoholics because ingested ethanol is 
preferentially catabolised over endogenous methanol (Majchrowicz & Mendelson, 1971; 
Kapur et al., 2007).  In this way, the incidence of ON in folate deficient individuals is more 
likely in chronic alcohol abusers. 
 
Folate is required for the synthesis of purines and thymidine and, therefore, of nucleotides, 
DNA, and RNA and for the formation of methionine and S-adenosylmethionine (SAM), 
the universal methyl donor (Reynolds, 2006).   Methionine is essential for many genomic 
and non-genomic methylation reactions. One such important methylation reaction is that 
of myelin basic protein, a key component of the myelin sheath covering nerve cells that is 
essential for proper function (Scott, 1999). In this way SAM depletion may result in altered 
neurotransmission, demyelination and cell death (Dang, 1981).  Folate may also play a role 
in cyanide detoxification via its role in the metabolism of sulfur-containing amino acids 
(cysteine and methionine) (Dang, 1981). 
 
Conclusion 
Whilst folate deficiency is not unusual amongst hospitalized patients, cases of folate-
responsive ON are rare.  Therefore, it is unlikely that folate deficiency is the only factor 
involved in folate responsive ON (Dang, 1981).  The duration of folate deficiency may be 
an important factor in the development of ON as well as exposure to toxicity.   Examples 
of folate-responsive ON coupled with plausible biological mechanisms of ON 
development suggest that there is definite involvement of this vitamin in disease 
development. 

!"%"! Vitamin B12 deficiency 

Vitamin B12 (cobalamin) is important in blood formation and neurological function 
through its role in amino acid and fatty acid metabolism (Institute of Medicine, 1998). A 
functional vitamin B12 deficiency may result from inadequate intake, malabsorption, 
inborn errors in metabolism, or from a toxic agent (Hoyt III, 1979).  Classical signs of 



!
Table 2.2 Case reports of B12 deficiency ON in patients with pernicious anemia documented in the last 50 years 
 
Authors Patient Condition/History Clinical findings Biochemical findings Treatment Outcome 

(Enoksson & 
Norden, 1960) 

51y female Pernicious anemia 
Extensive weight loss 

 

VA 0.9 R, 0.4 L 
Central scotoma 

Undetectable serum B12 
<10ng/mL (NC 200-1000ng/mL) 

Low urinary B12 absorption 
Marginal Hb 11.5g/dL 

Treated with vitamin B12 
(100µg three times daily) 

Improved VA (1.0 R, 1.0 L) 
Weight gain 

 

(Lerman & 
Feldmahn, 
1961) 

57y male Pernicious anemia VA 20/80 R, 20/60 L 
Bilateral centrocaecal scotoma 

HCt 42% 
Macrocytosis 

Schilling’s test result normal 

Parental B12 therapy 
(100µg every 2 weeks for 2 

months and then once a 
month) 

 

Full recovery of VA 
Diminished relative scotoma  

(Olivarius & 
Jensen, 1961) 

47y female Pernicious anemia VA 1/60 bilaterally 
Centrocaecal scotomas 
Bilateral optic atrophy 

Subacute degeneration of the spinal 
cord 

Achlorhydria 
Sternal marrow biopsy: slightly 

hyperplastic marrow with signs of 
antipernicious factor 

 

Treated with B12 VA improved considerably 
(nearly normal by 12 months)  

Neurological symptoms 
resolved 

 50y female Pernicious anemia 
Treated intermittently for 12y with 

liver injections for anemia 

VA 6/36 R, 6/12 L 
Bilateral centrocaecal scotomas 

Moderate spastic paraplegia 
Bilateral and severe ataxia 

Megaloblastic anemia 
Hb 68% 

 Hb 85% Gait somewhat 
improved 

Vision unchanged 

(Foulds et al., 
1969) 

4 males 51-
74y 

 

Diagnosed with tobacco 
amblyopia (4/4) 

Pernicious anemia (4/4) 
Smoked tobacco daily (3/4) 

Decreased VA (4/4) 
Bilateral centrocaecal scotomas (4/4) 

 

Low serum B12 (4/4) Treatment with 
hydroxycobalamin (4/4) 

 

Visual improvement 

(Lahner, 2009) 29y female Pernicious anemia due to 
carcinoid tumour on posterior 

wall of stomach 
Clinical evidence of spinal cord 

and peripheral nerve involvement 

VA 6/18 R, 6/24 L 
Bilateral centrocaecal scotomas 

Constricted field 
Bilateral optic atrophy 

Achlorhydria 
Positive gastric parietal cell bodies 

Low B12 115ng/mL (NC 180-
911ng/mL) 

Microcytic anemia 
Results of Schillings test very low 

Immediate intramuscular 
B12 

No improvement registered 
blind 

 
NC – normal concentration
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vitamin B12 deficiency include megaloblastic anaemia, glossitis, papillary atrophy of the 
tongue, neuropathy and spinal chord dysfunction in advanced stages. 
 
It has been well documented that a deficiency of vitamin B12 can cause neurological deficits 
(Healton et al., 1991; Metz, 1992).  Vitamin B12 deficiency occasionally manifests as ON and 
has been described as the only specific deficiency proven to cause ON (Lessell, 1998).  
Pernicious anaemia, fish tapeworm, gastrointestinal surgery, tobacco smoking and 
veganism have all been implicated as causes of vitamin B12 deficiency ON (Cohen, 1936; 
Hamilton et al., 1959; Foulds et al., 1969; Stambolian & Behrens, 1977; Thompson & Felton, 
1982; Haag et al., 1985; Areekul et al., 1992; Moschos & Droutsas, 1998). 
 
Pernicious anaemia is a macrocytic anaemia resulting from vitamin B12 deficiency.  It is an 
autoimmune disorder by which antiparietal cell antibodies and anti-intrinsic factor 
antibodies inhibit the production of intrinsic factor, which is required for vitamin B12 
absorption (Wintrobe et al., 1981). Case studies of ON attributed to pernicious anaemia 
published in the last 50 years are summarized in Table 2.2. Treatment with vitamin B12 
resulted in visual recovery in 5 of these 6 case-reports (Enoksson & Norden, 1960; Lerman 
& Feldmahn, 1961; Olivarius & Jensen, 1961; Foulds et al., 1969).  Aside from one study 
(Foulds et al., 1969), none of the cases in Table 2.2 reported any known toxicity or 
concurrent nutrient deficiency other than vitamin B12 deficiency.  ON may be an early 
feature of pernicious anaemia, preceding even the development of megaloblastic anaemia 
as well as demyelination of the lower cervical and upper thoracic posterior column and 
leukoencephalopathy (Chan, 2009). Although patients presenting with pernicious anaemia 
may not have visual symptoms, delayed visual evoked potentials (VEPs) have been 
documented in some patients, suggesting subclinical optic nerve lesions, optic chiasm 
lesions or both (Cohen, 1936; Troncoso et al., 1979).  
 
ON attributed to vitamin B12 deficiency has been reported in carriers of fish tapeworm 
(Diphyllobothrium latum) (Björkenheim, 1966). Fish tapeworm absorb vitamin B12 from the 
intestinal tract leading to deficiency in the host (von Bonsdorff, 1956).  In their study of 102 
carriers of fish tapeworm, Björkenheim and Helsinki found 40 patients to have subnormal 
serum vitamin B12 concentrations (<100 pg/ml.) (Björkenheim, 1966).  Of these, 4 patients 
had decreased visual acuity and caecocentral scotomas characteristic of ON. On expulsion 
of the worms, vitamin B12 status was normalized and visual recovery was observed in 3 of 
the 4 patients. Only one patient was a cigarette smoker and none consumed alcohol. It 
should be noted that the investigators did not examine the status of other nutrients such as 
thiamin and folate.  
 



!
Table 2.3 Case reports of B12 deficiency ON attributed to gastrointestinal surgery  
 
Author Patient History Clinical findings Diet/Lifestyle Biochemical findings Treatment Outcome 

(Stambolian & 
Behrens, 1977) 

17y male Removal of distal small 
bowel from the midportion 
of the jejunum through the 

ileocecal valve 
Mononucleosis  

Macrocytic anemia (treated 
with 1mg folic acid daily) 

VA 20/200 bilaterally 
Bilateral centrocaecal scotomas  

 

1mg folic acid 
daily 

Low serum vitamin B12 
190ng/L (NC >200ng/L) 
Abnormal B12 absorption 

0.28% (normal >7.5%) 
Marginal Hb 13.2 g/dL 

Some macrocytosis 
Normal serum folate, 
vitamin A, carotene 

 

Prednisone 
Vitamin B complex 

Intramuscular injection of 
1000µg hydroxycobalamin 

weekly for 4 weeks  

Improved VA (20/20 in 
both bilaterally) 

Normal visual fields and 
fundi. 

 

(Areekul et al., 
1992) 

19y male Abdominal operation due to 
rupture of liver abscess 

Resection of the mid 
jejunum through ileum, 

ascending and transverse 
colon due to gangrene 

Anorexia and weight loss of 
17kg over last 4 months 

 

VA 5/200 bilaterally 
Bilateral centrocaecal scotomas  

Severe underweight 
Red tongue, atrophy of papilla, 

hyperpigmented macule on the palm 
and sole, reddish and some whitish 

coarse hair 

 Low serum B12 (113ng/L, 
NC 200-800ng/L) 

Some macrocytosis, 
anisocytosis, and tear drop 

red blood cells 
Marginal Hb (13.3 g/dL) 

Normal serum folate 
(19.8ng/mL) 

Low erythrocyte folate 
(44ng/mL, NC >140ng/mL) 

Intramuscular injections of 
1000µg of cyanocobalamin 

daily for 3 days 

Improved VA (20/200 
bilaterally) after 6 weeks 

of treatment 
Hb 15g/dL 

Improved serum B12 
(1440pg/mL) 

(Moschos & 
Droutsas, 1998) 

55y male Gastroplasty 
90kg weight loss 

 

VA 5/60 R, 3/60 L 
Bilateral optic atrophy 

Bilateral centrocaecal scotomas 
VER abnormal 

Non-smoker 
Non-drinker 

Low serum folate 
(2.5ng/mL, NC >3ng/mL) 
Subnormal serum B12 (180 

ng/L, NC >200ng/L) 
Low Hb (11.3 g/dL) 

1000 µg B12 daily with B-
complex and folinic acid 

for 2 weeks 
Dose of B12 reduced after 2 

weeks 

No improvement, no 
further deterioration 

Normalization of serum 
B12 

(Juhasz-Pocsine, 
2007) 

48y female 62kg weight loss Unilateral ON 1.5 years after surgery Stopped vitamin 
B12 injections 5 

months prior to 
symptom onset 

Low B12 
 

B12 injections Improved vision 

 24y female 63kg weight loss Unilateral ON 3 years after surgery Not taking 
vitamin B12 

supplements 

Low B12 (151ng/L, NC 211-
911ng/L) 

Low iron (22µg/dL, NC 37-
170µg/dL) 

IV methylprednisolone, on 
assumption of MS 

B12 injections 

No improvement 

 
NC – normal concentration 
Hb – haemoglobin (normal concentration 13.8-18.0 g/dL males, 12.2-15.1 g/dL females) 
Hct – haematocrit  
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Gastrointestinal surgery, for the treatment of obesity or other medical conditions, can have 
serious implications on the nutrient status of an individual through compromised 
gastrointestinal nutrient absorption (Alvarez-Leite, 2004). This surgery can have a 
particularly large impact on the absorption of B12, which occurs in the terminal ileum 
(Moschos & Droutsas, 1998) and has been shown to result in ON. Cases of ON attributed 
to B12 deficiency in gastrointestinal surgery patients are summarized in Table 2.3 
(Stambolian & Behrens, 1977; Areekul et al., 1992; Moschos & Droutsas, 1998; Juhasz-
Pocsine, 2007).  All cases demonstrated vitamin B12 deficiency and visual improvement 
was seen in 3 out of the 5 cases treated with vitamin B12 or multivitamin supplementation. 
In one case, a concurrent folate deficiency was also reported suggesting that vitamin B12 
deficiency may not be the sole aetiologic factor for ON development in this patient 
(Moschos & Droutsas, 1998).  
 
Finally, ON attributable to vitamin B12 deficiency has been reported in individuals with a 
low dietary intake of vitamin B12.  One study reported optic atrophy in three autistic 
children with severe food selectivity (Pineles et al., 2010b).  The children all consumed diets 
almost completely lacking in animal products and all presented with low serum vitamin 
B12 concentrations.  Treatment with intramuscular B12 resulted in normalization of vitamin 
B12 levels and vision improvement in each child.  Bilateral ON and sensory peripheral 
neuropathy has also been reported in a male vegan and attributed to a low intake of 
vitamin B12 (Milea et al., 2000). The patient however had concurrent subnormal levels of 
folate, vitamins A, B1, C, D, and E, zinc and selenium, indicative of general malnutrition.  
Treatment with intramuscular vitamin B12 and oral multivitamin supplementation 
alleviated sensory peripheral neuropathy but visual recovery did not occur.  It is possible 
that the ON documented in this patient was not solely caused by vitamin B12 deficiency.  
 

Mechanism of vitamin B12 deficiency 
Vitamin B12 is essential for amino acid and fatty acid metabolism as well as DNA synthesis 
(Institute of Medicine, 1998).  The vitamin may play a role in optic health through the 
action of the two vitamin B12 dependent enzymes, methylmalonyl-coenzyme A mutase 
and methionine synthase, which are involved in myelin production and mitochondrial 
respiration. These vitamin B12 dependent pathways are shown in Figure 2.4. 
 
Methylmalonyl-coenzyme A mutase is involved in the conversion of methylmalonyl 
coenzyme A (CoA) to succinyl CoA (Brody, 1999).   In a state of B12 deficiency, there is a 
consequent buildup of methylmalonyl CoA in the cytoplasm and reduction in succinyl 
CoA synthesis. Elevated methylmalonyl CoA interferes with fatty acid synthesis resulting 
in the production of defective myelin (Cardinale et al., 1970; Adams & Victor, 1985); this 
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Figure 2.4 Primary metabolic pathways requiring vitamin B12 (Rizzo III, 1995) 
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has been shown in controlled studies of vitamin B12 deficiency in rhesus monkeys that 
developed optic nerve and tract demyelination, similar to that seen in humans with 
nutritional ON (Agamanolis et al., 1976; Victor, 1980).   
 
Succinyl CoA is important in oxidative metabolism (Brody, 1999). It functions as an 
intermediate component of the citric acid cycle, a precursor for succinate- an electron 
donor in the electron transport chain and a precursor for cytochrome molecules.  
Deficiency of succinyl CoA can therefore lead to compromised oxidative phosphorylation 
via one of these three pathways resulting in ATP deficiency and increased oxidative stress.   
 
Methionine synthase has a role in the methionine metabolism by which homocysteine is 
methylated to form methionine - a reaction dependant on 5-MTHF (Tefferi & Pruthi, 1994; 
Institute of Medicine, 1998).  In this way, deficiency of vitamin B12 can create a functional 
folate deficiency causing disruption to the same mechanisms as found in folate deficiency, 
previously described in the folate section above (Section 2.4.1).  Furthermore, elevated 5-
MTHF levels resulting from vitamin B12 deficiency can inhibit the kainate receptor and 
thereby expose the retina to kainite - an excitatory amino acid that can damage neurons by 
causing excessive depolarization and ATP depletion (Ruck et al., 1980; Olney et al., 1981). 
 
Finally vitamin B12 plays an important role in the detoxification of cyanide, which inhibits 
cytochrome c oxidase activity (Mizoule, 1966; Motin et al., 1970; Pronczuk de Garbino & 
Bismuth, 1981).  Patients with vitamin B12 deficiency may therefore be unable to process 
cyanide which can accumulate from tobacco use and cassava consumption. 
 
Conclusion 
Although not all cases of acclaimed vitamin B12 deficiency ON are substantially evidenced, 
and the mechanism of damage is not yet known, the large number of vitamin B12 
corrective cases of ON as well as the common finding of low vitamin B12 in patients with 
ON suggests there to be a definite association of ON with vitamin B12 deficiency. 
 

!"%"# Thiamin deficiency 

Severe thiamin deficiency usually presents either as peripheral neuropathy (dry beriberi), 
or as cardiomyopathy and oedema in addition to peripheral neuropathy (wet beriberi) 
(Institute of Medicine, 1998). It remains a problem in less developed countries among 
individuals consuming diets high in polished rice and low in animal products. Eye 
involvement with beriberi was first documented in Japan in 1888 (Hori, 1888).  
 



!
Table 2.4 Case reports of ON attributed to thiamin deficiency 
 

Authors Patient Clinical history Clinical findings Diet Biochemical findings Treatment Outcome 

(Hoyt III, 
1977 #467) 

33y male  VA 6/12 bilaterally 
Dyschromatopsia bilaterally 

Central scotomas 
Peripheral neuropathy 

High protein, low 
carbohydrate diet for weight 

loss 
Primarily ate cheese, meat, 

eggs, fish 
Occasionally ate leafy greens  

Normal vitamin B12 and folate 
Serum transketolase 66µg/100mL 

Normal blood count 

50mg thiamin daily and 
normal diet 

VA restored to 6/6 
bilaterally  

Serum transketolase 
145µg/100mL 

 36y male  VA 6/18 R, 6/12 L 
Impaired colour vision 

Central scotoma bilaterally 
Temporal pallor on right disc 

Significant loss of fibres in papillomacular 
bundle 

High protein, low 
carbohydrate diet for weight 

loss. 
Primarily at cheese, eggs, red 

meat, and occasional slice 
white bread 

Normal vitamin B12 and folate 
Serum transketolase 60µg/100mL 

Normal blood count 

50mg thiamin daily and 
normal diet 

VA restored to 6/6 
bilaterally  

Serum transketolase 
148µg/100mL 

Small scotoma in right 
eye and mild temporal 

pallor 

(Hoyt & 
Billson, 
1979) 

5y male 
 

Seizures VA 6/24 bilaterally 
Dyschromatopsia  

Bilateral centrocaecal scotomas 
 

Ketogenic diet due to seizures 
(4:1 fat:protein/CHO ratio) 
Parents did not give patient 

recommended vitamin or 
calcium supplement 

Normal serum folate (18ng/mL, NC 4-20) 
Normal B12 (260 pg/mL, NC >100) 

Low serum transkelotase (56 µg/100mL, 
NC 100-160) 

50mg thiamin daily in 
addition to vitamin B 

supplements 

VA restored to 6/12 
bilaterally 

 7y female Seizures VA 6/36 R, 6/24 L 
Dyschromatopsia 

Bilateral centrocaecal scotomas 
 

Ketogenic diet due to seizures 
(4:1 fat:protein/CHO ratio) 
Parents did not give patient 

recommended vitamin or 
calcium supplement for one 

year 

Normal serum folate (35ng/mL, NC 4-20) 
Normal B12 (240 pg/mL, NC >100) 

Low serum transkelotase (50 µg/100mL, 
NC 100-160) 

50mg thiamin daily in 
addition to  

vitamin B supplements 

VA restored to 6/5 
bilaterally 

(Gardner et 
al., 1982) 

47y female Gastroplasty for morbid 
obesity 

Weight loss 90.4kg 
Readmitted 2 weeks 

later for vomiting and 
dehydration 

Decreased VA in right eye 
Dense central scotoma on right eye, full 

visual fields on left  
Slow mentation, slurred speech 

Tachycardia, blepharoptosis, nystagmus, 
ataxia in arms  

  Treated intravenously 
with 300mg thiamin 

Rapid recovery of VA  
Central scotoma 

resolved 

(van Noort 
et al., 1987) 

35y male Patient with ulcerative 
colitis receiving 

parenteral feeding 

ON, VA 0 bilaterally 
Partial oculomotor palsy, pyrexia, low 

blood pressure, pancytopenia 
 

Thiamin accidentally not 
added to parenteral feed 

TPP effect was 1.65 (NC<0.35) Treatment with 
subcutaneous thiamin 

injections 25-50mg 
 

VA returned rapidly to 
1.0 bilaterally 

(Suzuki et 
al., 1997) 

22y male Hemothorax, 
retroperitoneum 
hemorrhage and 

fractures in femur by 
traffic accident 

 

VA <0.1 bilaterally 
Neurological examination revealed a 

sluggish reaction to light, nystagmus, 6th 
nerve palsy in both eyes 

Brain MRI showed hyperintensity signals 
in the dorsal medial nuclei of the thalami 

Intravenous 
hyperalimentation without 

vitamin supplementation for 4 
weeks 

Low serum thiamin (11ng/dL, NC 20-50) Added 300mg of thiamin 
to betamethasone for 4 

weeks 

Full recovery 

(Spinazzi et 
al., 2010) 

71y male History of partial 
gastrectomy (40 y) 

History of B12 and folate 
deficiency 

Unexplained weight 
loss of 4kg 

Mild decrease in VA, delayed VEPs, 
dyschromatopsia, abnormal visual field 

perimetry, bilateral optic atrophy 
Subacute sensory ataxia 

 

Vitamin B12 and folate 
supplementation 

Low serum iron (11.3µmol/L, NC 11.6-
31.3), high serum ferritin (1220 pmol/L, 
NC 67.4-674.10), low serum transferrin 

(1.82µmol/L, NC 2.15-4.61) 
Low serum zinc (5.3µmol/L,NC 10.7-22.93) 
Low serum copper (8.5µmol/L, NC 11-22) 
Marginal retinol (0.70µmol/L, NC 0.8-2.6) 

Reduced transketolase activity 
Pyruvic acidosis (290µmol/L, NC <46) 

Normal folate, vitamin B12, urinary MMA, 
vitamin E. 

Parenteral thiamin 
(100mg/day) 

administered for 8 days 
Followed by chronic oral 

thiamin (300mg/day) 
Multivitamin supplement 
added to the regimen for 2 

months 

Normalization of 
pyruvic acid, retinol 

and zinc levels 
Remarkable clinical 

improvement in 
peripheral outcomes 

Normalization of visual 
field improvement in 

VEPs 
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In Western countries, thiamin deficiency most commonly manifests as Wernicke-
Korsakoff syndrome, which is characterized by confusion and ocular motility disturbances 
(Harper, 1979). Wernicke-Korsakoff syndrome is usually seen in alcoholics, however, it has 
been found in non-alcoholic patients on special diets and in those who have 
malabsorption. Ocular manifestations of Wernicke-Korsakoff syndrome include 
nystagmus and ophthalmoplegia (Harper et al., 1986).  ON has also been reported as an 
ocular manifestation of Wernicke-Korsakoff syndrome; one case series reported ON in 3% 
of patients with Wernicke-Korsakoff syndrome (Victor et al., 1971). It has been suggested 
that ON in Wernicke-Korsakoff syndrome may be more frequent than expected as 
consciousness disturbance and/or other eye signs in these patients may result in ON being 
difficult to confirm (Suzuki et al., 1997). Wernicke-Korsakoff syndrome, however, is 
usually reported in alcoholics who may exhibit multivitamin deficiencies and therefore 
ON may be a result of other nutrient deficiencies. 
 
ON responsive to thiamin supplementation has been documented in several patients with 
poor thiamin status; these cases are summarized in Table 2.4 (Hoyt III & Billson, 1977; 
Hoyt III & Billson, 1979; Gardner et al., 1982; van Noort et al., 1987; Suzuki et al., 1997; 
Spinazzi et al., 2010).  Of the 8 cases documented, 3 were diagnosed with Wernicke-
Korsakoff syndrome (Gardner et al., 1982; van Noort et al., 1987; Suzuki et al., 1997) and 4 
cases had isolated ON (with no other neurological symptoms) (Hoyt III & Billson, 1977; 
Hoyt III & Billson, 1979). It should be noted that 5 patients shown in Table 2.4 showed 
visual improvement with the administration of thiamin in addition to multivitamin 
supplementation or improved diet (Hoyt III & Billson, 1977; Hoyt III & Billson, 1979; 
Spinazzi et al., 2010), however visual recovery was shown in 3 patients with the 
administration of thiamin alone (Gardner et al., 1982; van Noort et al., 1987; Suzuki et al., 
1997).  One patient had low retinol, copper, zinc, and iron concentrations alongside 
thiamin deficiency; it is therefore difficult to attribute this case to thiamin deficiency alone 
(Spinazzi et al., 2010). 
 
Nutritional ON was commonly observed in prisoners of World War II.  Although general 
vitamin deficiency existed in prisoners, treatment of patients with thiamin was reported to 
halt disease progression lending evidence to the role of thiamin in ON (Moore, 1934; 
Bloom et al., 1946). Finally, thiamin deficiency has been reported in patients diagnosed 
with tobacco-alcohol amblyopia. Recovery of visual loss in patients diagnosed with 
tobacco-alcohol amblyopia has also been noted with thiamin treatment alone (Johnson, 
1939; Carroll, 1943; Dreyfus & Boston, 1965). 
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Figure 2.5 Thiamin-dependent metabolic pathways (Semba, 2007) 
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Mechanism of thiamin deficiency ON 
Thiamin is an essential co-factor in two independent positions in glucose oxidation (Brody, 
1999) (See Figure 2.5).  It is an essential coenzyme for the oxidative decarboxylation of 
pyruvate and !-ketoglutarate to form acetyl-coenzyme A (CoA) and succinyl-CoA, which 
are key substrates in the citric acid cycle and thereby central to mitochondrial energy 
production and optic health.  
 
Thiamin may also be involved in ON through its role in various other biochemical 
pathways.   Thiamin-dependent transketolase is involved in the transketolation of 3-7 
carbon ketosugars (Brody, 1999).  This is important for the production of NADPH, for the 
interconversion of ketosugars, that are required for glycolysis and for conversion to 
pentoses (including ribose-5-phosphate, a component of RNA, DNA, ATP, CoA, NAD 
and FAD) (Semba, 2007). 
 
Conclusion 
Cases of ON attributed to thiamin deficiency appear to often present alongside other 
forms of neuropathy including slow mentation and sensory ataxia, as commonly 
documented in thiamin deficiency.  Isolated ON rarely occurs in individuals with thiamin 
deficiency. Although causal evidence is limited, several cases of ON have responded to 
treatment with thiamin alone suggesting an association between ON and deficiency of this 
vitamin.  
 

!"%"% Copper deficiency 

Copper is an essential trace element required for mitochondrial oxidative phosphorylation, 
and plays an important role in the functioning of the central nervous and haematopoietic 
systems (Kumar et al., 2004). Mild copper deficiency most commonly affects the bone 
marrow, resulting in haematologic abnormalities including anaemia and neutropenia 
(Williams, 1983).  A more severe copper deficiency can affect the cardiovascular and 
central and peripheral nervous systems and has been associated with both ON and 
myelopathy (Spinazzi et al., 2007; Pineles et al., 2010a).  Neurologically, copper deficiency 
mimics that of vitamin B12 deficiency with characteristic subacute combined degeneration 
of the dorsal and lateral spinal cord columns, optic and peripheral nerves, and cerebral 
white matter (Spinazzi et al., 2007).  
 
The most common cause of copper deficiency is remote gastrointestinal surgery such as 
gastric bypass surgery, which can lead to copper malabsorption (Naismith et al., 2009).  
ON associated with copper deficiency has been reported in several cases of patients who 



!
  
Table 2.5 Case reports of ON attributed to copper (Cu) deficiency 
 
Authors Patient Clinical history Presented with Ophthalmologic/ Neurologic 

findings 
Biochemical findings Treatment Outcome 

(Gregg et al., 
2002) 

44y 
female 

Billroth II (9y) for peptic ulcer 
disease 

History of chronic anaemia 
treated with B12, iron, folate 

without response 
Required monthly blood 

transfusions 

Myelodysplastic 
syndrome 

 
 

Optic neuropathy 
Peripheral neuropathy 

 

Undetectable serum copper 
(<1.57µmol/L, NC 11-

24.3µmol/L) 
Elevated B12, folate, ferritin 

 

No response to pyridoxine 
therapy 

Intravenous copper 
chloride (2.5mg daily for 

14 days) 
Oral copper 

supplementation 3mg (3 
times daily) 

Normalization of Hb 
Normalization of serum 

copper 
Improvement of general 

well-being 
Persistent optic and 

peripheral neuropathy 

(Spinazzi et 
al., 2007) 

62y 
female 

Billroth II partial gastrectomy 
performed for a muciparous 
gastric adenocarcinoma (12y) 

Well-controlled ischemic 
coronary artery disease 

Microcytic anemia 
Use of denture containing 

zinc oxide 

Blurred vision 
Progressive gait 

ataxia, ascending 
paresthesias in the 
lower extremities, 

urinary 
incontinence 

Mild optic pallor bilaterally 
Increased latency in VEP 

Peripheral neuropathy (lower 
extremity weakness, sensation, 

hyper-reflexia, ataxia, wide-based 
gait) 

Mild normocytic anemia (Hb 11 
g/dL) 

Low serum Cu (3.8µmol/L, NC 
12.5-24.4µmol/L) 

Decreased ceruloplasmin (0.13 
g/L, NC 0.28-0.60g/L) 

Depleted liver Cu stores 
(10mg/g dried weight, NC 20-

40mg/g)  
Elevated zinc excretion 

Normal serum B12, folate, HCy, 
MMA, vitamin E, zinc 

Copper enriched diet 
Oral copper gluconate 

supplementation (2mg) 
Removal of denture 

Normalization of copper 
status after 2 months 

Neurological stabilization 
after one year follow up 

 

(Naismith et 
al., 2009) 

55y 
female 

Gastric bypass surgery (22y) 
Cyanocobalamin injections 

twice per week since surgery 

Acute bilateral 
vision loss, 

gradual 
progressive gait 

ataxia, lower 
extremity 

paresthesias, 
urinary 

incontinence 

VA 20/800 bilaterally 
Progressive myeloneuropathy 

Normal optic discs 
VEP abnormal bilaterally 

Retinal nerve fibre thickness less 
than 5th percentile in both eyes 

Low serum copper (15µg/dL, 
NC 70-150µg/dL) 

Normal B12, HCy, MMA, Zn, Hb 

Intravenous and then oral 
replacement of copper 
starting 5 months after 

vision loss 

Normalization of serum 
copper and blood cell counts 

No neurologic changes 
 

(Pineles et al., 
2010a) 

66y 
female 

Partial gastrectomy for the 
treatment of gastric ulcers 

Hypertension 
Iron deficiency anemia 

2 year history of 
gradual visual loss 

Ataxia, 
progressive loss of 

lower extremity 
sensation 

VA 20/40 bilaterally 
Dyschromatopsia 

Bilateral optic atrophy  
 

Low Cu (22µg/dL, NC 70-
155µg/dL)  

Low serum vitamin B12 
Normal vitamin A 

Treated with vitamin B12 
Intravenous copper 

No response to treatment 
with B12, 

Copper treatment resulted 
in no further deterioration 

 42y 
female 

History of osteoporosis, 
fibromyalgia, iron deficiency 

anemia 
Gastric bypass surgery (>20y) 

Gradual vision 
loss 

 

VA 20/40 bilaterally  
Dyschromatopsia 

Bilateral optic atrophy 
Constricted visual field 

Low B12 (<150pg/mL, NC 193-
198 pg/mL) 

Low Cu (<10µg/dL) 

Treated with vitamin B12 
Oral copper 

No further deterioration 

 
NC – normal concentration 
Hb – haemoglobin (normal concentration 13.8-18.0 g/dL males, 12.2-15.1 g/dL females) 
Hct – haematocrit 
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had undergone gastrointestinal surgery (Gregg et al., 2002; Spinazzi et al., 2007; Naismith et 
al., 2009; Pineles et al., 2010a); these cases are summarized in Table 2.5. In all cases patients 
presented with concurrent peripheral neuropathy. Copper deficiency was reported in all 
cases and treatment with copper resulted in normalization of copper status in all 5 cases. 
Visual improvement did not occur in any of these cases, but further deterioration was said 
to have been prevented. This is comparable to copper-deficiency myelopathy, in which 
treatment with copper has been shown to prevent further deterioration but not necessarily 
alleviate symptoms, with residual neurological defect being reported in most cases 
(Kumar et al., 2004).  It may be that the treatment of ON was not immediate enough for 
visual recovery. Low vitamin B12 status was also reported in 2 patients, which may have of 
itself caused the neuropathy, although normalization of vitamin B12 levels did not prevent 
further neurological deterioration (Pineles et al., 2010a). 
 

Mechanism of copper deficiency ON 
In humans, copper is crucial in the functioning of various enzymes including 
ceruloplasmin ferroxidase and cytochrome c oxidase (Brody, 1999). Cytochrome c oxidase, 
as previously explained, is necessary for oxidative phosphorylation in the mitochondrial 
respiratory chain, and is most likely to be responsible for neurological dysfunction 
associated with the copper deficient state (Kumar, 2006).  Other cupro-enzymes potentially 
involved in optic nerve health include copper-zinc superoxide dismutase (antioxidant 
defense) and tyrosinase (melanin synthesis).  
 
Mitochondrial dysfunction due to copper chelation has been suggested as a possible 
mechanism behind both ethambutol and clioquinol-induced ON (De Palma et al., 1989; 
Schaumburg & Herskovitz, 2008).  Clioquinol-induced ON has been associated with over 
ten thousand cases of subacute myelo-optic neuropathy in Japan (Tateishi, 2000).  This 
condition is characterized by demyelination of the spinal cord, optic nerve, and peripheral 
nerves, a similar presentation to that described in ON cases attributed to copper deficiency 
above (Tateishi, 2000).  It is interesting to note that sideroblastic anaemia, the typical 
haematological abnormality of copper, is known to be linked to inherited and acquired 
mitochondrial defects, lending support to this mechanism (Spinazzi et al., 2007). 
 
Conclusion 
ON attributed to copper deficiency is a recently recognized condition, with cases first 
being reported in 2002 (Gregg et al., 2002). As no improvement in visual symptoms has 
been shown with copper treatment, it is unknown whether this is achievable, or whether 
the disease is attributable to copper deficiency.  In the case of unknown ON aetiology, it 
may be useful to assess copper status and treat immediately if found. 
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!"%"& Vitamin E deficiency 

Vitamin E is an antioxidant that functions in the protection of biological membranes by 
inhibiting free radical damage and fatty acid peroxidation (Mann & Truswell, 2002)! 
Vitamin E deficiency has been shown to cause neuropathologic abnormalities believed to 
be due to free radical mediated neuronal damage (Guggenheim et al., 1982; Aslam et al., 
2004). Clinical features of vitamin E deficiency include sensory loss, ataxia, 
ophthalmoplegia and pigmentary retinopathy (Sokol, 1988). 
 
Vitamin E deficiency has also been associated with visual symptoms of ON including 
visual field constriction (Howard et al., 1982; Alvarez et al., 1983) and loss of visual acuity 
(Saito et al., 1982) although this is rare.  ON has been described in a 14 year-old boy with a 
neurological syndrome associated with vitamin E deficiency secondary to chronic 
cholestatic liver disease (Larsen et al., 1985). The patient presented with poor visual acuity, 
optic disc pallor and absent flash visual-evoked response.  Biochemical tests revealed the 
patient was deficient in vitamin A, vitamin E, and vitamin D, but had normal serum 
concentrations of vitamin B12 and folate.  Authors attributed the ON to vitamin E 
deficiency with a probable contribution of vitamin A deficiency.  The treatment of the 
patient was not described. 
 
The development of bilateral visual field scotomas has also been described in the presence 
of vitamin E deficiency in a 64-year-old man with a history of multiple bowel resections 
(Howard et al., 1982). This patient had concurrent low serum levels of zinc, copper and 
carotene, although visual improvement was only noted after normalization of vitamin E 
levels (prior normalization of zinc and copper levels had no effect). 
 
As vitamin E deficiency is usually seen in patients with concurrent vitamin A deficiency, it 
is difficult to pinpoint the exact role of vitamin E in optic nerve damage, however 
oxidative stress is a likely cause.  Evidence for a causal role of vitamin E deficiency in the 
development of ON is limited. 
 

!"%"' Zinc deficiency 

Zinc is believed to be essential in optic nerve function.  Papillitis, optic nerve atrophy and 
ON have been documented under zinc-deficient conditions (Sturtevant, 1980; Yolton, 
1981) in patients with alcoholism, liver cirrhosis, Crohn's disease and acrodermatitis 
enteropathica, an autosomal recessive defect in zinc absorption (Gong, 2001).   
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Zinc is required in the formation of metallo-enzymes such as copper-zinc superoxide 
dismutase (Coleman, 1992; Vallee & Falchuk, 1993). These enzymes play an important role 
in antioxidant defense and lipid membrane stability (Kraus et al., 1997).  Myelin lamellae 
changes seen in zinc deficiency are believed to be a result of decreased activity of copper-
zinc superoxide dismutase and increased lipid peroxidation of biological membranes 
(Bettger & O'Dell, 1981). ON associated with zinc deficiency is however rarely reported 
and causal evidence is limited. 
 

!"%"( Other B-vitamin deficiencies 

ON has been well documented among individuals with pellagra (niacin deficiency) and in 
individuals with ariboflavinosis (riboflavin deficiency) (Hoyt III, 1979; Semba, 2007).  
Niacin, riboflavin and pyridoxine are involved in mitochondrial respiration and deficiency 
may therefore result in impaired energy production.   
 

Niacin (vitamin B3) 
Niacin functions in redox reactions in the catabolic pathways of carbohydrates, lipids and 
proteins and the anabolic pathways of fatty acid and cholesterol synthesis (Brody, 1999; 
Semba, 2007).  Deficiency of niacin results in pellagra, which can also occur as a result of 
tryptophan or leucine deficiency.  Pellagra is characterized by headaches, weakness, 
dizziness, dermatitis, diarrhoea, dementia, increased pigmentation of the skin and 
polyneuropathy (Hoyt III, 1979). ON has been reported in patients suffering from pellagra, 
although this is not a common finding of the disease (Semba, 2007). It has been reported 
that treatment with marmite (Moore, 1932), cod-liver oil in combination with a liberal diet 
(Whitbourne, 1947), and autoclaved or fresh yeast (Landor & Pallister, 1935) can relieve 
symptoms in these individuals. Marmite and yeasts however contain high levels of B-
complex vitamins other than niacin and therefore may remedy a number of nutrient 
deficiencies. ON documented in pellagrous individuals may be a result of a simultaneous 
deficiency in one of the other B-vitamins and be unrelated to niacin metabolism.  Isolated 
niacin deficiency has yet to be associated with ON dysfunction. 
 

Pyridoxine (vitamin B6) 
Pyridoxine is involved in the metabolism of sulfur-containing amino acid and tryptophan 
(Brody, 1999).  Clinical pyridoxine deficiency is rare, even in the context of severe dietary 
deprivation (Hoyt III, 1979). Administration of certain pharmaceutical drugs (isonazid, 
hydralazine, penicillamine and pheniprazine) can lead to pyridoxine deficiency of clinical 
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importance (Biehl & Vilter, 1954; Jaffe et al., 1964; Raskin & Fishman, 1965) and ON has 
been seen with their use, although only rarely (Keeping & Searle, 1955; Jones, 1961; Garty 
et al., 1962; Klingele & Burde, 1984). Pyridoxine supplementation is recommended as a 
prophylactic on treatment with these drugs.  Pyridoxine-responsive metabolic disorders, 
on the other hand, have not been associated with ON (Rosenberg, 1976). 
 

Riboflavin (vitamin B2)  
Riboflavin plays an important role in eye health, and has shown to be protective against 
cataract formation (Semba, 2007).  The flavins FAD (flavin adenine dinucleotide) and FMN 
(flavin mononucleotide) are found in high concentrations in the lens, cornea and retina. 
Ariboflavinosis has been documented in prisoners of World War II of whom a significant 
proportion developed ON although general B-vitamin deficiency was common (Spillane, 
1945).  At the time of the Cuban epidemic, ON incidence was correlated with a 
significantly lower riboflavin intake alongside low intakes of all B-vitamins (Gay et al., 
1995).  An isolated riboflavin deficiency state has not been correlated with ON. 

 

Summary 
Deficiencies of riboflavin, niacin and pyridoxine almost always occur in combination with 
other B-vitamin deficiencies, and therefore it is difficult to draw conclusions about the role 
of these particular vitamins in optic health. Neither pyridoxine, niacin, nor riboflavin are 
currently believed to be primary aetiologic agents in producing nutritional ON. 
 

!"%") Case study: Far East Prisoners of War 

Nutritional ON has been reported in various prison camps throughout history; among the 
most well documented cases are those of the Far East Prisoners of War (FEPOW) in whom 
the disease was common. Thousands of Allied military personnel were taken captive by 
the Japanese during the Second World War (Roland & Shannon, 1991) and confined to 
internment camps in various locations in South East and Far East Asia from 1942 to 1945. 
 
The severe dietary disturbance experienced by the FEPOW has provided valuable data on 
deprivation, malnutrition and tropical diseases. Allied FEPOW were not only exposed to 
tropical infections such as dysentery, diphtheria, cholera, malaria, typhus, strongyloidiasis 
and tropical ulcers (Roland & Shannon, 1991; Robson et al., 2009); but also to prolonged 
and severe malnutrition and associated neuropathic disease (Venables et al., 1985).  
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Diet 
During a captivity period of up to three-and-a-half years, prisoners were fed a diet vastly 
deficient in both energy and nutritive value with camp-to-camp variations.   FEPOW were 
generally fed a low caloric diet based on polished rice with small amounts of vegetables 
(predominantly roots) and occasional meat or fish (Ridley, 1945; Clarke & Sneddon, 1946; 
Bell & O'Neill, 1947; Whitfield, 1947).  Sometimes barley, millet, maize, flour or beans were 
given as staples in addition to rice (Whitfield, 1947).  Foods were usually of low quality 
and often spoiled (Roland & Shannon, 1991).  One account from eight Japanese camps 
reported the energy content of the prisoner diet to vary between 6300 and 12600kJ/day 
(Whitfield, 1947) other reports estimated calorific value to reach as low as 1000kcal/day 
(4200 kJ/day) (Roland & Shannon, 1991). Diets were reported to be severely lacking in 
protein, fat, B-complex vitamins and vitamin E (Denny-Brown, 1947). Dysentery and 
malnutrition-diarrhoea that was rife in the camps further reduced the nutritive value of 
rations (Bell & O'Neill, 1947). 
 

Malnutrition disease 
Dietary inadequacies led to severe and ubiquitous weight loss amongst prisoners (Robson 
et al., 2009). The development of vitamin B deficiency diseases such as beriberi, pellagra 
and macrocytic anaemia became apparent as well as associated neurological and 
dermatological disease. Because ‘general’ vitamin deficiency was present amongst 
prisoners, as opposed to a specific vitamin deficiency, avitaminosis manifested as a 
complex combination of symptoms differing from patterns previously documented 
making diagnoses difficult for medical officers (Roland & Shannon, 1991).   
 
The most common neurological syndromes found in prisoners were ‘camp eyes’ (ON) and 
peripheral neuropathies (Venables et al., 1985). Peripheral neuropathic syndromes 
included peripheral paraesthesia (dry beriberi), painful dysaesthetic neuropathy (‘electric 
feet’ or ‘happy feet’), deafness and/or vertigo (‘camp ears’ or ‘camp deafness’) and 
dysphonia (recurrent laryngeal neuropathy) (Robson et al., 2009).  Peripheral neuropathy 
could occur separate to, or in conjunction with optic forms of the disease.  
 

Optic Neuropathy 
ON was common in FEPOW, occurring at far higher rates than in European prisoner-of-
war internment camps at the same time (Beebe, 1975). Ophthalmic assessments of visually 
impaired patients were consistent with the clinical signs of ON including disc pallor, 
reduced visual acuity, visual field defect, colour blindness, and presence of central or 
caecocentral scotoma (Gill & Bell, 1982).  Development of symptoms usually occurred over 
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a three-week time period, however could occur more rapidly (Denny-Brown, 1947). Visual 
loss usually occurred 4-12 months after capture, especially in those poorly nourished and 
forced to exercise (Lessell, 1998).  Prisoners poorly nourished at time of incarceration 
developed visual symptoms earlier. The onset of nutritional ON reported to be unrelated 
to the onset of beriberi or pellagra, however it was commonly associated with the 
development of signs of riboflavin deficiency (Cruickshank, 1946; Garland, 1946; Reed, 
1947; Smith & Woodruff, 1951).  Toxicity of alcohol, tobacco, benzene and 
trichloroethylene, lead, quinine, arsenic, iodoform and digitalis were excluded in most 
camps (Denny-Brown, 1947; Reed, 1947). 
 
Although prison reports implicated various nutrient deficiencies as well as toxic factors 
and infection to be causal in ON development, it is generally agreed that diet played a role 
in the development of the syndrome. Little data exists on successful treatment of ON in the 
prison camps and concurrent disease and deficiencies meant it was near impossible to 
elucidate a cause. Vitamin A, thiamin, riboflavin, nicotinic acid, pantothenic acid, folate 
and protein deficiency were all suggested as aetiological causes (Walters et al., 1947).  In 
many cases treatment with thiamin, nicotinic acid or vitamin A had no effect on disease 
(Clarke & Sneddon, 1946; Moore, 1946; Selwyn Clarke, 1946). There were, on the other 
hand, reports that treatment with thiamin alone halted the progression of the disorder 
(Bloom et al., 1946; Lang, 1946).  Marmite and yeast were shown to help prevent and cure 
the condition in various camps if given in early stages of disease (Wilkinson, 1944; Moore, 
1946; Selwyn Clarke, 1946). Although patients did not always respond to vitamin therapy 
(Lian, 1947), an improved diet including eggs and green leafy vegetables (Selwyn Clarke, 
1946; Reed, 1947), or the return to an adequate diet after release resolved neurological 
symptoms in most cases (Ridley, 1945; Venables et al., 1985).  Delayed treatment was 
associated with poor outcomes (Lessell, 1998).  
 
Follow-up studies of ex-FEPOW have reported persistent nutritional neuropathy despite 
improved diet and vitamin supplementation (Robson et al., 2009). One Liverpool based 
study reported residual optic atrophy amongst 2.1% of 898 former FEPOW 36 years after 
exposure to nutritional insult (Gill & Bell, 1982).  It is yet to be understood why only a 
minority of FEPOW subjected to dietary deprivation were affected (Lessell, 1998). 
 

!"%"* Case study: Somalian endemic ON 

A recent ON endemic has been reported in Somalia (Dalmar et al., 2011) predominantly 
affecting those aged 20-29 years. Food shortages in Somalia led researchers to investigate 
whether ON was prevalent in this country as seen in other food deprived populations 
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(Pan American Health Organization, 1993; Plant et al., 1997).  Over a 2-year period, 105 
cases of ON were recruited from the Al-Noor Eye Hospital in Mogadishu.  Weight loss 
was commonly reported in patients (45%, n=47) and breast-feeding was reported in 52% 
of female cases (n=16).  Stomatitis, indicative of impaired mitochondrial function and often 
seen in B-vitamin deficiencies, occurred in almost one third of patients.  Investigators 
suggested that the general poor nutritional status of the Somali population is an important 
contributor to the endemic rates of ON observed in Somalia, which is likely to be 
nutritionally related.  The increased nutritional demands of lactation may be a contributing 
factor to disease occurrence in women.  Further investigation into the nutritional status 
and dietary intake of those affected with ON may provide more information on the 
aetiology of the disease for more effective treatment of patients.  
 

2.5 Combined nutritional and toxic ON 

Nutritional ON is most often documented in individuals who frequently consume alcohol, 
tobacco or cassava.  These have been reported as neurotoxic agents, which in the context of 
nutritional deficiency, are alleged to precipitate optic nerve damage.  Combined 
nutritional-toxic neuropathy is most often seen in the context of tobacco-alcohol 
amblyopia, and tropical ataxic neuropathy. 

!"&"$ Tobacco-alcohol amblyopia 

Tobacco-alcohol amblyopia (TAA) is a condition characterised by papillomacular bundle 
damage, central or caecocentral scotoma, and reduced colour vision in patients with a 
history of chronic alcohol and tobacco use (Traquair, 1930; Golnik & Schaible, 1994).  The 
clinical features of TAA and nutritional ON are essentially identical (Lessell, 1998).  TAA 
historically occurred in pipe- or cigar- smoking older men (Harrington, 1962; Rizzo III & 
Lessell, 1993) and is now most frequently reported in undernourished, urban alcoholics 
(Tomsak & Levine, 2004).  It is the most common form of nutritional-toxic ON occurring in 
Western countries.  Although combined tobacco-alcohol intoxication alongside 
malnutrition is the most common aetiology of the disease, isolated cases of tobacco 
amblyopia and alcohol amblyopia have been reported (Orssaud et al., 2007).  It remains to 
be determined whether TAA is caused by tobacco alone, the combined effect of tobacco 
and alcohol, or is secondary to malnutrition. 
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Tobacco 
Tobacco smoking was identified as a cause of bilateral ON as early as the 18th century 
(Dunphy, 1969).  From 1817 to 1966, several thousand cases of tobacco amblyopia were 
described (Grzybowski & Holder, 2010).  More recently, the incidence of tobacco 
amblyopia has decreased, despite increased tobacco consumption, which may be due to 
misdiagnosis of earlier cases or a reduction in malnutrition in the developed world 
(Grzybowski & Holder, 2010).  
 
Despite numerous reports of tobacco amblyopia, the role of tobacco use in ON is heavily 
debated and conflicting evidence exists.  Although tobacco amblyopia has been reported 
in the absence of alcohol abuse (Foulds et al., 1974; Samples & Young, 1981) and 
occasionally in the absence of nutritional deficit (Rizzo III & Lessell, 1993), some 
investigators maintain the viewpoint that “pure” tobacco amblyopia does not exist (Potts, 
1973). 
 
Leber’s hereditary ON (LHON) is a mitochondrially inherited ON that presents similarly 
to nutritional ON.  Penetrance of LHON is variable and it is believed that the development 
of visual signs and symptoms may depend on exposure to certain environmental factors 
(Tsao et al., 1999). Investigations of the causative relation between cigarette smoking and 
ON penetrance in individuals with Leber’s hereditary point mutations may enhance 
understanding of the role of tobacco exposure in the development of other forms of ON. 
Three case-control investigations of this nature have been conducted. In two of these 
studies it was found that tobacco smoking was significantly associated with ON 
penetrance in individuals with Leber’s hereditary point mutations (Chalmers & Harding, 
1996; Tsao et al., 1999). Both the degree of smoking and number of smoking years were 
correlated with increased risk of developing ON (Tsao et al., 1999).  However, in the third 
study, which had a greater focus on exposure prior to symptom development, no such 
association was found (Kerrison et al., 2000). 
 
Investigations of the Cuban neuropathy epidemic have sought to determine a relationship 
between tobacco use and development of ON.  In an initial investigatory case-control trial 
during the epidemic, tobacco smoking was found to be a strong predictive risk factor of 
ON (Cuban Neuropathy Field Investigation Team, 1995).  However, in another case-
control investigation focusing on dietary intake it was found that whilst smoking was a 
predictor of disease, this effect was lost when adjusted for nutrient intake (Gay et al., 1995).   
 
The mechanism by which tobacco may damage the optic nerve is unknown.  The most 
widely discussed mechanisms include: the inhibition of mitochondrial function through 
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cyanide toxicity from tobacco smoke or other toxic components of tobacco; oxidative 
damage to mitochondria via tobacco derived reactive oxidative species (ROS); and 
nutritional inadequacy (Wokes, 1958; Dang, 1981; Jestico et al., 1984).  
 
Various components of tobacco smoke have been shown to impair mitochondrial 
oxidative phosphorylation.  Cyanide is a toxic compound absorbed from tobacco smoke 
that inhibits cytochrome c oxidase; a key enzyme in the electron transport chain.  Cyanide 
toxicity may be exacerbated by concurrent deficiency of B-vitamins and sulfur-containing 
amino acids that are essential in the detoxification of cyanide. Individuals with reduced 
levels of these vitamins are therefore at higher risk of tobacco toxicity than healthy 
individuals (Watson-Williams et al., 1969). It has been demonstrated that even in the case 
of mild vitamin B12 deficiency, the optic nerve is unduly sensitive to tobacco (Heaton et al., 
1958).  Furthermore, smoking has been shown to impair vitamin B12 absorption in patients 
with TAA (Watson-Williams et al., 1969).   
 
Tobacco ON may also arise from increased oxidative stress either from low antioxidant 
concentrations or an increased exposure to ROS (Muller, 1994). Exposure to tobacco smoke 
causes increased oxidation rates and depletes antioxidant levels (Hedges et al., 1997).  
Furthermore the dietary intake of vitamins with antioxidant properties (vitamin C, E and 
"-carotene) has been shown to be significantly lower in smokers compared with non-
smokers (Dallongeville et al., 1998). Poor antioxidant intake in smokers could result in 
further oxidative damage to mitochondria under the influence of tobacco derived ROS.  
 
Tobacco intake may be a secondary risk factor for ON development in patients 
predisposed to the disease by malnutrition.  Smokers are at higher risk of nutritional 
deficiency due to poorer dietary habits compared with non-smokers (Hebert & Kabat, 
1990; La Vecchia et al., 1992; English et al., 1997; Phillips et al., 2000).  It has been reported 
that smokers are less likely to consume vegetables, fruits and wholegrains than non-
smokers and more likely to consume fat, alcohol and sugar (Thompson et al.).  As tobacco 
amblyopia can be treated with vitamin supplementation (even with continued tobacco 
use) (Heaton et al., 1958; Chisholm et al., 1967; Crews et al., 1970; Rizzo III & Lessell, 1993), 
nutritional deficiency may be a necessary condition in the aetiology of tobacco- related 
ON. 
 

Role of alcohol 
Alcohol consumption is commonly reported in patients presenting with ON. However it is 
generally accepted that the consumption of alcohol is not a primary or contributing factor 
in the disease (Miller et al., 2008) and that ON in the alcoholic patient is due solely to 
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nutritional deficit (Lessell, 1998). For this reason, many investigators have suggested 
‘tobacco alcohol amblyopia’ should be re-termed ‘nutritional ON’ (Victor & Dreyfus, 1965; 
Carroll, 1966; Semba, 2007; Miller et al., 2008; Grzybowski & Holder, 2010). 
 
Malnutrition is common to alcoholics due both to the inability of the body to properly 
absorb, digest and utilize essential nutrients in the presence of alcohol; and the poor 
nutrient intake of alcoholics (Lieber, 2003). Deficiency of thiamin, vitamin B12 and folic acid 
are likely to contribute to the loss of vision in chronic alcohol abusers.  This has been 
demonstrated by clinical observations of ON patients who undergo improvements in 
vision following supplementation with these vitamins (Tomsak & Levine, 2004).  
 
Causal evidence demonstrating a toxic effect of alcohol in ON development is scarce. A 
correlation between alcohol consumption and ON was originally documented in the 
Cuban epidemic of ON (Instituto Nacional de Higiene, 1993; Gay et al., 1995; Más Bermejo 
et al., 1995).  However, this effect was lost when data was adjusted for smoking and 
nutrient intake indicating that alcohol consumption reinforced the effects of smoking and 
dietary deficiency but did not account for the disease occurrence itself (Gay et al., 1995).  Of 
two causal studies examining the role of alcohol intake on the expression of vision loss in 
individuals with Leber’s hereditary point mutations, one showed no association between 
alcohol use and visual loss (Kerrison et al., 2000) and the other showed a positive 
association with certain point mutations (3460 or 14484) (Chalmers & Harding, 1996).  
Neither of these studies adjusted for dietary intake. 
 
Several mechanisms for the role of alcohol consumption in optic nerve damage other than 
that of dietary deficiency have been proposed.  One hypothesis of damage is that of 
ethanol toxicity (Kapur et al., 2007).  Ethanol found in alcoholic beverages is preferably 
metabolized over methanol, which is endogenously produced in the brain (Mani et al., 
1970).  It is hypothesized that the alcohol abuser will have higher concentrations of 
methanol and its metabolite, formic acid, which acts to impair mitochondrial oxidative 
phosphorylation (Kesler & Pianka, 2003).  Serum formic acid levels have been shown to be 
significantly higher in patients admitted to hospital with high serum ethanol than in 
alcohol negative controls (0.42 vs. 0.15 mmol/L p < 0.0002) (Kapur et al., 2007).  Folic acid, 
vitamin B12, and vitamin B6 have an important role in formic acid detoxification (Palese & 
Tephly, 1975; McMartin et al., 1977; McMartin et al., 1980).  Malnourished individuals may 
therefore be at increased risk of ethanol toxicity.  Optic nerve damage seen in alcohol 
amblyopia may also result from increased oxidative stress as a result of ethanol intake. 
This increase in oxidative stress can result from increased free radical production and/or 
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decreased antioxidant defense (Costagliola et al., 1990; Nordmann, 1994) and may act to 
impair mitochondrial respiration. Antioxidant supplementation may alleviate this stress. 
 
Although ethanol found in alcoholic beverages may be toxic to the optic nerve, the 
successful treatment of alcohol amblyopia with vitamin supplementation (Carroll, 1935; 
Carroll, 1943; Watson-Williams et al., 1969), suggests a definite role of nutritional deficiency 
in the disease aetiology.   
 

Conclusion 
The aetiology behind TAA is not yet fully understood.  It is likely to be a combined 
mechanism involving toxic insults from tobacco components and/or ethyl alcohol, in the 
context of co-existing nutritional deficiency.  
 
Nutrient deficiencies, most commonly vitamin B12, thiamin and folate deficiencies are often 
reported in individuals diagnosed with TAA (as mentioned in Sections 2.4.1-2.4.3) and are 
a likely precipitating factor in ON development. Treatment with vitamins (usually B-
complex vitamins) has shown to relieve symptoms of TAA on numerous occasions despite 
continued use of tobacco and/or alcohol abuse suggesting nutritional deficiency to be 
central in the disease aetiology. 
 
ROS present in smoke may act in synergy with those derived from alcohol. The additional 
deleterious effect of tobacco and alcohol on mitochondrial respiration may exceed a critical 
threshold and lead to a clinical manifestation of TAA (Cullom et al., 1993).  However, poor 
nutritional status, particularly of B-complex vitamins and antioxidants, is likely to be the 
most important contributor to any impairment of oxidative phosphorylation. 
 

!"&"! Tropical ataxic neuropathy (tropical amblyopia) 

Tropical ataxic neuropathy (TAN) is a syndrome of bilateral ON, sensory polyneuropathy, 
sensory ataxia, and sensorineural deafness that occurs endemically and sometimes 
epidemically in many parts of the tropics.  It has been extensively documented in Nigeria 
(Monekosso & Annan, 1964; Osuntokun, 1968) and has also been reported in Tanzania 
(Haddock et al., 1962), Sierra Leone (Rowland, 1963), and India (Madhusudanan et al., 
2008). A recent epidemiological study of 206 patients with TAN in Nigeria showed 98% of 
patients presented with sensory polyneuropathy, 84% with sensory gait ataxia, 48% with 
ON and 19% with sensorineural deafness (Oluwole et al., 2000).  
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The cause of TAN is yet to be established; nutritional deficiency remains a possibility.  
Early descriptions of TAN attributed the syndrome to nutritional deficiency (including 
protein-energy malnutrition), a consequence of poor dietary intake and malabsorption 
(Stannus, 1912; Scott, 1918; Wright, 1928; Stannus, 1936; Stannus, 1944).  Glossitis, cheilosis 
and angular stomatitis have shown to be common features that may be attributable to B-
vitamin deficiency, perhaps an indication of impaired oxidative metabolism (Osuntokun, 
1971).   However, many patients with TAN are not overtly malnourished.  Clinical 
improvement has occasionally been noted with the administration of B-complex vitamins, 
yeast, marmite (Pallister, 1940),  or transition to a nutritionally balanced diet (Bradley 
1928). 
 
As early as the 1930s it was first noted that cassava consumption is common to 
populations with endemic neuropathy (Moore, 1934; Clark, 1936).  This led to a hypothesis 
that cyanide neurotoxicity from cassava was a major aetiological factor in disease 
development (Osuntokun, 1981; Román et al., 1985; Senanayake & Román, 1991). Raised 
levels of plasma thiocyanate, cyanide, and urinary thiocyanate have been shown in TAN 
patients suggesting cyanide is implicated in the onset of disease (Monekosso & Wilson, 
1966; Osuntokun et al., 1969).  However, in 2002-2004, it was reported in a series of papers 
that: a) There was a low prevalence of TAN in communities with high cyanide exposure; 
b) Cassava intake, and cyanide intake was not related to disease occurrence in a TAN 
endemic community; c) There was a lower risk of TAN related death in a community with 
higher exposure to cyanide from cassava food (Oluwole et al., 2002; Oluwole et al., 2003; 
Oluwole & Onabolu, 2004). These findings do not support a role for cyanide toxicity in 
development of TAN. 
 
Biochemical assessments have indicated that the serum concentrations of niacin, folate, 
pyridoxine, panthothenic acid, and vitamin B12 in TAN patients are generally within 
normal ranges (Osuntokun, 1968; Osuntokun et al., 1985). Thiamin deficiency, defined by 
abnormal pyruvate metabolism, has however been reported in patients with TAN in 
Nigeria and shown to differ significantly from healthy controls (Haddock et al., 1962; 
Monekosso et al., 1964).  These patients had shown abnormal pyruvate metabolism, 
reversible with supplementation of thiamin and vitamin B-complex (Haddock et al., 1962; 
Monekosso et al., 1964). Results from a clinical trial in response to these findings showed a 
significantly higher improvement in TAN patients treated with vitamin-B complex 
including 100mg of thiamin compared with a control group one week after the 
commencement of treatment. At two weeks, no significant difference was seen between 
groups. This was attributed to the relatively nutrient-rich hospital diets (Monekosso et al., 
1964).   
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In addition, marginal thiamin deficiency marked by abnormal thiamin pyrophosphate 
effect in the estimation of erythrocyte transketolase was shown both in Nigerian patients 
with TAN and neurologically normal Nigerians on a similarly high-cassava diet.  This was 
significantly higher than in controls on a low-cassava diet (Osuntokun et al., 1985).  Low 
riboflavin excretion has similarly been reported in Nigerian TAN patients (Osuntokun, 
1968) however treatment with riboflavin showed no clinical benefit in a controlled 
therapeutic trial (Osuntokun et al., 1974). 
 

Conclusion 
TAN is predominately a disease of the poor. The diet of populations affected by TAN is 
typically a high carbohydrate, low protein diet, largely comprised of banana, cassava, 
sweet potato and maize.  Slightly different presentations of TAN have occurred among 
populations with differing demographics, suggesting various aetiologies may be included 
under the umbrella term TAN. 
 
Thiamin deficiency is a potential contributor to Nigerian TAN (Adamolekun, 2011) 
however further research and therapeutic trials need to be conducted in this, and other 
communities with TAN of unknown aetiology.  A combined aetiology for the syndrome 
involving diet is likely.  Other aetiological possibilities remain including toxic or viral 
causes (Cockerell & Ormerod, 1993). 
 

!"&"# Case Study: Cuban ON Epidemic 

The Cuban epidemic of ON and associated peripheral neuropathy ran between 1992 and 
1993.  More than 50,000 individuals were affected with varying forms of neuropathy in a 
country with an overall population of only 11 million people  (cumulative incidence of 461 
per 100 000 population) (Cuban Neuropathy Field Investigation Team, 1995; Ordúñez-
García et al., 1996). Clinical features of the condition included ON, sensory peripheral 
neuropathy, dysautonomic neuropathy, dorsolateral myeloneuropathy, sensorineural 
deafness, dysphonia, dysphagia and spastic paraparesis (Román, 1995). Slightly over half 
of those affected were diagnosed with ON and many of those affected had co-existing 
myeloneuropathy or other neuropathic symptoms (Gay et al., 1995).  
 
The outbreak of Cuban epidemic optic neuropathy (CEON) coincided with the collapse of 
the European socialist countries and the Soviet Union (starting in 1989-90).  This collapse 
reduced Cuban access to international markets alongside the workings of the earlier 
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Figure 2.6 Total dietary energy and percentage of energy from carbohydrate, fat and 
sugar; 1970 to 1999 (Rodríguez-Ojea et al., 2002) 
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imposed US economic embargo on Cuba, which was further tightened in 1992 (Barnouin 
et al., 2000).  As a result of this economical transformation, a sudden shortage of imported 
foods, fuel, raw materials and other essential supplies occurred in Cuba, leading to high 
rates of malnutrition in the Cuban population (Rodríguez-Ojea et al., 2002).  Compromised 
nutritional status appeared to play a key role in the pathogenesis of the neuropathy 
alongside toxic exposure to tobacco (Hedges et al., 1997).  Other hypothesized factors in 
disease outcome include neurotoxic exposure, infectious agents and genetic predisposition 
(Román, 1994). 
 

Dietary indicators of disease 
Lack of imported foods and impaired food production in Cuba resulted in a major 
decrease in energy intake per capita. In 1989, food consumption surveys indicated an 
average daily energy intake of 12,100kJ in Cubans; this had declined by 32% in 1993 
(8100kJ) (Rodríguez-Ojea et al., 2002).  The composition of the Cuban diet also changed 
during this time- a 24% increase in energy derived from carbohydrate sources was seen 
(polished rice and refined cereals).  Changes in sources of dietary energy from 1970-1999 
can be seen in Figure 2.6.  Reduced availability of animal protein, fat and edible oils 
resulted in limited intake of essential amino and fatty acids. The Cuban diet became 
largely based on unenriched rice, black or red beans and sugar.  Meat and dairy products, 
which had previously been a prominent part of the Cuban diet, were no longer readily 
available and quantities of fruit, vegetables and flour-based products were limited 
(Hedges et al., 1997).  Weight loss was substantial throughout the country and was 
strongly correlated with development of disease (OR 2.8, 95%CI 2.2-3.6), as was irregular 
diet consumption (OR 4.7, 95%CI 2.5-8.8) (Román, 1994; Gay et al., 1995). Interestingly, 
traditional high-risk groups of the population- young children, pregnant women and 
elderly people, had a low incidence of the disease which was likely due to extra food 
rations (including milk, meat and eggs) being given to these population groups (Cotton, 
1993; Bates, 2001).  
 

Dietary indicators of CEON 
Case-control studies comparing the dietary intakes and nutrient status of those affected by 
CEON to matched healthy controls have suggested that dietary intake was correlated to 
disease occurrence (Instituto Nacional de Higiene, 1993; Cuban Neuropathy Field 
Investigation Team, 1995; Gay et al., 1995). 
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In an initial case-controlled investigation involving 708 age- and sex-matched cases, the 
National Hygiene Institute found that irregular diet consumption (missing one or more 
meals per day), low BMI, and low intake of animal protein, fat, and vitamin B-rich foods 
were significant determinants of disease risk (OR 4.7, 95%CI 2.5-8.8) (Instituto Nacional de 
Higiene, 1993). 
 
In June 1993, a more rigorous dietary investigation was conducted on 34 patients with 
bilateral ON and 65 neuropathy-free matched controls using food frequency 
questionnaires to assess dietary intake (Gay et al., 1995). Patients were shown to have 
significantly lower intakes of energy, protein, fat, carbohydrate, and all B-vitamin complex 
components than controls.  In addition, patients had significantly greater alcohol intakes. 
A high sugar intake (>15% of total energy intake), and low intake (<50% of recommended 
intake) of protein, fat, pyridoxine, thiamin, vitamin E, niacin, folic acid, riboflavin, vitamin 
A and energy (excluding energy from alcohol) were all significant determinants of disease 
risk when adjusted for smoking and alcohol intake. It should be noted that both patients 
and controls were at risk of inadequate nutrient intake- more than 40% of controls were 
found to consume less that half of the recommended dietary intakes of niacin, fat, 
riboflavin and vitamin A.  
 
Consistent with these findings, in a case controlled trial involving 123 patients with severe 
ON and sex- and age-matched neuropathy-free controls, one group found that ON risk 
was increased with less-regular meal consumption and low consumption of animal fat, 
animal protein, methionine and all B-complex vitamins (particularly riboflavin and 
vitamin B12) (Cuban Neuropathy Field Investigation Team, 1995). 
 
Two years after the epidemic, a prospective epidemiological study on the vitamin B intake 
and status of 141 healthy middle-aged men living in Havana was conducted (1995-1996) 
(Arnaud et al., 2001). It was found that the average percentage of volunteers with daily 
dietary intakes under two-thirds of the US recommended dietary allowances was as 
follows; 80% thiamin <1.0 mg/day; 87% riboflavin <1.13 mg/day; 73% vitamin B6 <1.33 
mg/day; 38% folate <133µg/day.  These results indicated that the B-complex vitamin 
intake of healthy Cuban men was compromised even two years after the conclusion of the 
epidemic. 
 
Results of the aforementioned studies generally suggest that the diet of unaffected 
individuals was more nutritionally adequate than that of individuals affected by CEON.  
Studies of the general population however found that the majority of Cubans were at risk 
of inadequate nutrient intake. 
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Biochemical indicators of CEON 
Consistent with dietary data, studies of the Cuban population at the time of the epidemic 
indicated poor nutrient status both in patients and healthy individuals (Cuban 
Neuropathy Field Investigation Team, 1995; Macias-Matos et al., 1996). In patients, low 
biochemical measures of thiamin, folate and vitamin B12 were seen repeatedly (Barnouin et 
al., 1998). Biochemical studies performed after the epidemic demonstrated widespread B-
vitamin deficiency in healthy Cubans (Arnaud et al., 2001). 
 
Between 1992 and 1993, a case-controlled study was performed in which the thiamin 
status of Cubans in both low- and high- CEON incidence areas was assessed (Macias-
Matos et al., 1996).  Blood and urine samples were collected from 107 patients with 
confirmed neuropathy (optic, peripheral or mixed form) and 106 age- and domicile- 
matched controls as well as from 537 unmatched neuropathy-free individuals.  Analyses 
showed biochemical evidence of thiamin depletion1 in 64% of the affected individuals and 
59% of matched controls, indicating widespread thiamin deficiency throughout the 
population.  However, the severity of thiamin deficiency was greater in Pinar del Rio - a 
high incidence area (>800 cases/100,000 inhabitants), compared with in Havana, where 
less disease was seen (400-600 cases/100,000 inhabitants).  Thiamin status at the outset of 
the trial was also correlated to clinical outcome of patients after they had been treated with 
a high-energy, nutrient supplemented diet. 
 
The Cuban Neuropathy Field Investigation Team analysed serum concentrations of 
vitamin A and four carotenoids in their case-control trial (Cuban Neuropathy Field 

Investigation Team, 1995).  Results showed serum "- and !-carotene and serum selenium 
were weakly protective against disease. Low serum lycopene, a powerful intracellular 
antioxidant, was however a notably stronger determinant of disease risk. Retinol and 
cryptoxanthin levels were not significantly different between cases and controls.  
 
These findings are supported by a survey comparing biological and nutritional risk factors 
of healthy smokers living in Guantanamo (n=67) -an area virtually unaffected by CEON, 
to healthy smokers living in Havana (n=100)- an area with medium risk for CEON 
(Barnouin et al., 2001).  Blood concentrations of riboflavin, carotenoids and selenium were 
higher in Guantanamo participants than in Havanan participants. This may suggest that 
these antioxidant compounds are protective against optic damage. In a survey of healthy 
men living in Havana, the team had previously shown smokers to have lower blood 

concentrations of !-carotene, !-cryptoxanthin, total carotenoids and riboflavin compared 
                                                        
1 Either exhibiting chronic deficiency (<35 U/L + TPP effect<15%); marginal deficiency (>35 U/L + TPP effect>15%); or severe 
deficiency (<35 U/L + TPP effect >15%) 
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with non-smokers showing a relationship between smoking (a risk factor of ON) and 
nutrient status (Barnouin et al., 2000). 
 
Finally, clinical B-vitamin deficiency was found to be prominent in healthy Havanan men 
in an epidemiological study conducted two years after the cessation of the Cuban 
epidemic (Arnaud et al., 2001). On average, 33% of volunteers had thiamin deficiency, 33% 
had riboflavin deficiency, 1.5% had B6 deficiency, 37% had vitamin B12 deficiency (serum 
B12<100pmol/L) and 80% were folate deficient (serum folate<7nmol/L).  
 

Tobacco and alcohol consumption 
The first cases of CEON occurred in Pinar del Rio, an esteemed tobacco growing province 
in western Cuba (Román, 1994). The most notable features of these initial cases were the 
strong associations of ON with tobacco smoking (90% cases) and alcohol consumption 
(50% cases) (Tucker & Hedges, 1993). Cases therefore were initially suspected as tobacco-
alcohol amblyopia. Those affected later on in the epidemic however often did not smoke 
or drink alcohol (Mojon et al., 1997).  
 
Several case-control investigation of CEON have shown both tobacco and alcohol 
consumption to be associated with disease outcome (Instituto Nacional de Higiene, 1993; 
Cuban Neuropathy Field Investigation Team, 1995; Gay et al., 1995).  One study including 
708 age- and sex- matched pairs found an increased risk of disease with smoking history 
(OR 4.9, 95%CI 2.5-9.3), a combined smoking and drinking history (OR 3.5, 95%CI 1.7-7.4) 
and heavy drinking (OR 2.3, 95%CI 1.0-5.4) (Instituto Nacional de Higiene, 1993; Más 
Bermejo et al., 1995).  Tobacco use was likewise shown to be strongly associated with ON 
in the CNFIT case-controlled investigation (OR 6.6, 95%CI 3.2-13.9) (Cuban Neuropathy 
Field Investigation Team, 1995). Those in the highest quartile for urinary cotinine 
concentration (a measure of tobacco exposure) were 12 times more likely to have ON.  
However, no dose-response relationship with tobacco smoking was seen in this trial. 
 
The positive correlation of tobacco use and CEON lead researchers to believe tobacco 
smoking to be a significant predictor of the disease.  However in a dietary investigation of 
CEON it was found that smoking and alcohol intake only reinforced the effect of dietary 
deficiency on disease outcome and that smoking and alcohol consumption by themselves 
did not account for disease occurrence (Gay et al., 1995).  This study showed CEON risk 
was significantly increased with smoking (OR 4.25, 95%CI 1.41-13.41) as well as with the 
consumption of more than 10g of alcohol per day (OR 2.72, 95%CI 1.03-7.28). When data 
were adjusted for alcohol consumption, tobacco use remained a determinant of disease 
susceptibility (OR 3.82, 95%CI 1.37-10.63). However, the effect of alcohol consumption was 



 36 

lost when adjusted for smoking.  When trivariate analysis was applied including 
nutritional intake (containing energy, protein, vitamins B1, B2, B3, B6, E, or folate), alcohol, 
and tobacco use, the presumed effect of both tobacco use and alcohol consumption 
disappeared, suggesting diet to be an independent predictor of CEON, exacerbated by 
smoking and alcohol intake.  
 

Other aetiologic factors 
Neurotoxic agents, genetic factors and viral disease were all posed as potential causes of 
the Cuban neuropathy epidemic (Román, 1994).  However, investigations into these 
potential aetiologic causes have not revealed any substantial evidence in support of the 
contention. 
 
A toxicological investigation was conducted by the National Toxicology Centre.  Analyses 
of potential toxins including soils, homemade alcohol, food products, teas, tobacco and 
pesticides showed no abnormal contaminants (Grupo Operativo Nacional, 1993).  The 
influence of many other pharmacological and neurotoxic agents was also ruled out 
(Román, 1994). 
 
The hypothesis that cyanide poisoning from improperly cooked cassava was explored but 
discounted due to lack of evidence (Cuban Neuropathy Field Investigation Team, 1995; 
Congdon & West Jr, 1999). A national study revealed that cassava was consumed in 
quantities considered insufficient to cause ON through cyanide intoxication (Tucker & 
Hedges, 1993). Additionally, in Cuba, cassava is generally prepared by boiling, sometimes 
followed by deep frying, resulting in detoxification (Román, 1994). 
 
Methanol poisoning from consumption of home-brewed rum was also an unlikely factor. 
Case-control analysis showed no association between the consumption of home-brewed 
alcoholic beverages and disease risk (Cuban Neuropathy Field Investigation Team, 1995).  
Furthermore, analysed samples of home-brewed rum contained only 1% methanol, a 
concentration unlikely to cause methanol intoxication (Sadun et al., 1994).  
 
Similarities in the clinical presentations of CEON and Leber’s hereditary ON, as well as the 
non-uniform distribution of the disease, suggested genetic predisposition to be a potential 
cause of disease.  Despite an early report of mitochondrial DNA mutations found in 2 of 12 
patients (Hirano et al., 1994), further investigation of 300 subjects unequivocally 
demonstrated no association of CEON with Leber’s mitochondrial DNA mutations 
(Newman et al., 1994). 
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Finally the involvement of viral agents was considered unlikely due to the symmetric 
nature of the disease and the epidemiological pattern seen in Cuba (Thomas et al., 1995). 
 

Treatment 
Strong evidence for the role of nutritional deficiency in CEON was demonstrated through 
the therapeutic effect of vitamin supplementation in patients whose visual acuity and 
colour vision markedly improved with treatment (Cuban Neuropathy Field Investigation 
Team, 1995). Patients with confirmed neuropathy were hospitalized and treated with 
intravenous B-vitamin complex, including folic acid, and fed a nutritionally balanced diet.  
Several other forms of treatment were also explored (Espinosa & Ordúñez, 1993).  An 
estimated 0.1% of treated patients were left with moderate or severe sequalae (Román, 
1994). Improvement rates for patients with delayed nutritional treatment were lower. It 
should be noted that some patients did improve without hospital treatment. 
 
As dietary inadequacy was believed to be a chief contributor to the epidemic, an oral 
multivitamin supplement containing 2.0mg thiamin, 1.6mg riboflavin, 20mg niacin, 
0.25mg folic acid, 2.0mg vitamin B6, 6.0µg vitamin B12 and 2500IU retinol was distributed to 
the entire Cuban population in May 1993 (Tucker & Hedges, 1993).  This vitamin 
distribution correlated with an initial precipitous drop in disease rates followed by 
diminishing incidence rates, up until the extinction of the epidemic in late 1993.  Success of 
the supplementation programme again suggests the primary cause of the epidemic was 
nutrient deficiency of some description, although this was unlikely to be the sole cause 
(Román, 1994). 
 

Summary 
Although dietary deficiency is widely acknowledged as a risk factor in the Cuban 
epidemic, no single nutritional deficiency has ever been implicated (Cliff et al., 1985).  
Deficiency of thiamin, vitamin B12, folate and sulfur-containing amino acids are likely 
contributors, with a potential contribution from tobacco.  Lower dietary intakes of vitamin 
A, E and B-vitamins in affected individuals have been found in case-control studies, as 

well as lower serum concentrations of selenium, "- and !-carotene.  Low blood 
concentrations of B-vitamins, iron, ferritin and vitamin A have also been documented in 
affected individuals although general vitamin deficiency appeared to be widespread 
throughout the population.  Several other theories have been suggested as causal in the 
epidemic although no significant proof exists.  It is generally believed that a toxic-
nutritional aetiology was the most likely cause. 
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2.6 Summary 

Nutritional deficiency ON is a rare disease, most often seen in those with poor intake of B-
vitamins, in those who abuse alcohol and tobacco, and in those facing economic hardship 
or dietary deprivation.  Clinical and epidemiological evidence suggests ON can occur from 
the deficiency of a number of nutrients including thiamin, folate, B12, copper, zinc and 
vitamin E, or a combination of these, as well as in combination with other toxic or 
hereditary factors.  The aetiology of nutritional ON in most cases is elusive and difficult to 
determine.  Although most evidence points toward a common mechanism of 
mitochondrial dysfunction as causal in optic nerve damage, this mechanism remains 
theoretical. 
 
Visual loss resulting from ON may be reversible depending on the mechanism of damage.  
In all cases of nutritional ON, early diagnosis and treatment provides the best chance of 
recovery (Albert et al., 2008).  In order to best determine the cause of ON a thorough 
assessment of all aetiological candidates should be conducted in individuals presenting 
with ON.  This includes comprehensive blood nutrient analysis, toxicological assessment, 
and if possible mitochondrial DNA assessment.  When the ON is already established, 
provision of B-group vitamins and antioxidants as well as the avoidance of known toxins 
often results in recovery of vision (Orssaud et al., 2007). Further research as to the 
aetiological nature of epidemic optic neuropathies may provide valuable answers as to the 
exact aetiological role of nutritional deficiency in ON. 
 
As single nutrient deficiencies rarely occur in human diets, it is difficult to determine sole 
causes of nutritional ON.  Furthermore, in the case of general malnutrition it may be 
unethical to perform supplementation trials of certain nutrients.  If individual cases are to 
add to the current body of knowledge regarding nutritional ON, it must be stressed that 
all aetiological candidates should be considered.  Thorough investigation will help 
eliminate possible candidates for disease and help elucidate risk factors.  
 
The ON recently reported in prisoners in Beon Jail, PNG appears to be nutritional in 
nature. A comprehensive categorization of the disease; investigation of the diet and 
nutritional status of the prisoners; and analysis of exposure to potential toxic agents of ON 
including alcohol, tobacco, cassava and certain pharmaceutical drugs will help determine 
the cause of the disease so that those affected may be appropriately treated and further 
cases might be prevented. 
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3 Methods 

3.1 Survey design 

An observational, cross-sectional survey of 158 prisoners and 17 prison guards was 
conducted at Beon Prison, a correctional facility located in Madang, Papua New Guinea in 
May 2010.   All adult prisoners detained in Beon Prison (264 persons) were invited to 
participate in the study. In addition, Beon prison guards were invited to participate on the 
basis of shared environmental exposure with prisoners.  Consenting participants were 
individually interviewed regarding demography, general and ocular health, nutrition and 
lifestyle. Participants underwent a vision and ocular examination as well as a physical 
examination performed by a team of trained health workers.   A venous blood sample was 
collected from each participant by venipuncture for analysis of nutrient and other 
biomarkers. Finally prison food samples were analysed for lead and cadmium content. 
 

Ethical approval and consent 
Careful consideration in the design and implementation of this study took place in order 
to avoid any coercion or exploitation of the prison population under examination. 
Particular care was taken to minimize the potential for adverse repercussions for 
participants, including from fellow prisoners and authorities. 
 
Ethics approval was granted by the Divine Word University Research Ethics Committee, 
the institutional ethics review apparatus for the local university (Appendix 1).  
Additionally, given the sensitivities of researching a prison population, the Medical 
Research Advisory Committee of Papua New Guinea was petitioned.  This committee, 
convened by the National Department of Health, acts both as the National Ethical 
Clearance Committee and the Institutional Ethical Committee for the Papua New Guinea 
Institute of Medical Research.  It also approved this study and its methodology (MRAC 
10.16). 
 
Administrators at Beon Prison approved the study and facilitated its implementation.  
Prison authorities, including warders, took no part in the interviewing or examination of 
participating prisoners, and were physically distant from these events.  The tenets of the 
Helsinki Declaration were observed. 
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All participants diagnosed with vision or ocular complications were given the opportunity 
for treatment at the local hospital (Modilon Hospital) with consent of the participant.  
 

Staff recruitment 
Student health extension officers were recruited from the local university (Divine Word 
University) as research assistants and were responsible for administration of the General 
and Dietary questionnaires under the supervision of trained health workers.  Staff training 
for the administration of the General Questionnaire and conduction of the dietary recall 
was carried out by Fred Hollows staff and the candidate to ensure that the research 
assistants were confident in the content of the questionnaire and the dietary recall 
procedure.  Nurses from Modilon Hospital were recruited as phlebotomists.  Nurses and 
research assistants were bilingual in Papua New Guinean Pidgin and English. An 
experienced optometrist and two ophthalmologists employed by the Fred Hollows 
Foundation were responsible for eye examination with the assistance of trained eye 
nurses. 
 

3.2 Sampling procedure 

Prisoner recruitment 
All female and male adult prisoners (≥18 years old) detained at Beon Prison, Madang were 
eligible for participation in the study.  Eligible adult prisoners were informed about the 
study one week prior to data collection. The following week, prisoners expressing interest 
in participation were escorted in small groups to the prison health post, which was set up 
for confidential discussion.  Here, the purpose of the study, its methodology, and its risks 
and benefits were explained to each prisoner individually.  An informed consent 
document was read to each prisoner (Appendix 2). Questions were invited and answered. 
The right not to participate, the right to withdraw consent once given, and the 
confidentiality of the data were emphasized in the study information sheet provided and 
on the consent document.  Prisoners who agreed to participate in the study were asked to 
sign the informed consent document. Communications with potential and actual 
participants were conducted in Papua New Guinean Pidgin (Tok Pisin) the appropriate 
local language.  All participants gave informed written consent. 
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Participants were each assigned a participant number so that data collected would remain 
confidential.   Names of the participants and their correlating participant numbers were 
available only to the project manager.  Of the 264 adult prisoners held at Beon Prison, 148 
(58.4%) males and 10 (100%) females chose to participate in the study, comprising 59.8% of 
the entire prison population.  
 

Guard recruitment 
All full-time adult (≥18 years old) employees of Beon prison were eligible for inclusion in 
the study.  Guards were invited to participate in the study and a suitable interview time 
was arranged with those who expressed an interest.  At the interview, these guards were 
further informed about the study and asked for written consent as described for prisoner 
recruitment above.  A total of 17 guards were recruited as study participants. 
 

3.3 General Questionnaire 

An interview-based questionnaire (Appendix 3) was administered by trained health 
workers and student health extension officers. The questionnaire elicited demographic, 
socioeconomic, dietary, lifestyle, and general and ocular health-related information, 
including questions about known and potential risk factors of ON (alcohol, tobacco, 
cassava, marijuana and pharmaceutical drug2 use).  The questionnaire was developed in 
English, but verbally communicated to participants in Papua New Guinean Pidgin. 
Responses were recorded in English.  To ensure veracity the meaning of each question in 
the questionnaire was discussed with the interviewers during training so that meaning 
was kept in translation. 
 
A small pilot study was undertaken in the Faculty of Health Sciences at Divine Word 
University. A focus group of local volunteer student health extension officers from and 
familiar with local communities was conducted.  Participants were asked to complete the 
questionnaire and provide feedback.  Comments from the focus group were then used to 
refine the questionnaire and its delivery and investigate test-retest reliability. These data 
were not included in any final analysis. 
 

                                                        
2 Including treatment with ethambutol, streptomycin, chloroquine, digitalis, chlorpropamide, chloramphenicol, 
isoniazid or antibiotics. 
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Table 3.1 Case definition for optic neuropathy 

! 
Categories Clinical findings 

Non cases Normal ONH, normal VA, normal VF and normal colour 
vision 

Possible cases 
Abnormal ONH alone 
or 
Normal ONH + 1 or 2 of (VF loss, VA loss, colour defect) 

Likely cases 
Normal ONH + VA loss + VF loss + colour defect 
or 
Abnormal ON + VF loss  

Definite cases 
Abnormal ONH + VA loss 
or 
Abnormal ONH  + colour defect 

 
ONH: optic nerve head 
VA:  visual acuity 
VF: visual field 

!
!
!
!
!
Figure 3.1 Case definition tree diagram 
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Table 1 – Case definition for optic neuropathy (TREE?) 

Categories Clinical findings 

Non cases Normal structure and function (normal ONH, VA, VF and colour vision) 

Possible cases 
Abnormal ONH alone 

or 
Normal ONH & 1 or 2 of (VF loss, VA loss, colour defect) 

Likely cases 
Normal ONH with VA loss & VF loss & colour defect 

or 
Abnormal ONH + VF loss alone 

Definite cases 
Abnormal ONH + VA loss 

or 
Abnormal ONH + colour defect 

VA : visual acuity 
ONH: optic nerve head 
VF: visual field 
 
 

Figure 1 - Case definition tree diagram 
 
 
 
 
 

 

 
 

 

 
 

 
 
 

 
 
 
 
 
VA : visual acuity 
ONH: optic nerve head 
VF: visual field 
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Any of the following abnormal: 
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3.4 Clinical examination  

The ophthalmic and neurologic functions of each participant were assessed by a team of 
trained health workers. 
 

Ophthalmic examination 
Assessment of visual function was conducted by trained eye nurses under the supervision 
of a therapeutically trained optometrist. The examination comprised presenting distance 
visual acuity using a standard Snellen chart at 6 metres, pinhole visual acuity and potential 
acuity meter (PAM; Lambda 100 Retinometer, Heine, Herrsching, Germany).  If presenting 
visual acuity was 6/12 or less, near visual acuity (ETDRS near chart at 40 cm), contrast 
visual acuity threshold (10M LEA symbols and numbers low contrast test flip book; 30 cm) 
(Leat & Wegmann, 2004), colour vision (Ishihara plates; first 15 plates, monocular), pupil 
testing for afferent defects, automated visual field testing (Humphrey FDT perimeter, Carl 
Zeiss Meditec AG, Jena, Germany; C-20-1 screening, with N-30 threshold if failed) 
(Kamantigue et al., 2006), and post-dilation autorefraction/autokeratometry (Retinomax 3, 
Right Mfg. Co. Ltd, Tokyo, Japan) were tested. 
 

A comprehensive external and intraocular examination was performed by an experienced 
ophthalmologist. The anterior segment was assessed using a portable slitlamp (Clement 
Clarke BA904-C, Haag-Streit UK, Harlow, UK) and Goldmann tonometry was measured 
using 0.5% proparacaine and fluorescein. The pupil was dilated with 1% tropicamide and 
2.5% phenylephrine.  The posterior segment was examined using a non-contact fundus 
lens (SuperField, Volk Optical, Mentor, OH, USA). Indirect ophthalmoscopy was used 
when required.  Intra-observer reliability for optic nerve observations was tested on a 
randomised and blinded subset of participants. Digital fundus photography was 
performed to document optic nerve head appearance however, due to camera failure 
during the investigation only a sample of photographs were taken.  
 

Case definition 
The outcome of interest was ON.  The following four categories were used to define ON in 
order of severity: ‘non-case’, ‘possible case’ ‘likely case’ or ‘definite case’.  Case definition 
combined optic nerve head structure and visual function, as described in Table 3.1.  A 
schematic of the classification is shown in Figure 3.1.  Abnormal optic nerve head structure 
consisted of partial or complete optic atrophy, temporal tissue loss, sectoral or diffuse 
pallor.  Visual acuity loss was defined as best presenting or potential acuity meter visual 
acuity below 6/12.  Colour vision deficiency was defined as an asymmetric colour vision 
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defect (one eye with 9 or less correct plates with a difference of 2 plates or more with the 
fellow eye) (Almog & Nemet, 2010). Abnormal visual fields consisted of reliable defects 
consistent with ON (paracentral or caecocentral scotomas).  Pupil testing and contrast 
sensitivity data were omitted due to inconsistent testing conditions. 
 

Neurological function 
The outcome of interest from neurological function tests was peripheral neuropathy.  This 
was defined as having more than one peripheral deficit not attributable to other 
aetiologies. 
 
Two experienced medical officers assessed cranial and peripheral nerve integrity by 
testing cranial nerves V, VII and VIII, coordination, and peripheral sensory and motor 
nerve function.  Lower and upper limb function was assessed for sensitivity to light touch, 
pain, temperature, vibration and joint position.  Coordination was assessed by: index 
finger to thumb, finger to nose, heel to shin, toe to finger and Rhomberg tests.  Motor 
function of upper and lower limbs was assessed by examination of muscular wasting, 
twitches, muscle tone, power, and triceps, biceps, supinator, knee, ankle and plantar reflex. 
 

Anthropometric assessment 
Anthropometric measurements were conducted by trained student health extension 
officers.  Participants were asked to remove footwear before body mass and standing 
height were measured.  The body mass of the prisoners was measured to the nearest 0.1kg 
using portable scales. The Quetelet’s Body Mass Index (BMI) was used as an indicator of 
nutritional status.  BMI scores were calculated as weight (kg)/height (m)2. The BMI 
classification was set according to WHO criteria as follows: underweight (<18.5 kg/m2), 
normal (18.5-24.9kg/m2), overweight (25.0-29.9 kg/m2) and obese (≥30 kg/m2) (World 
Health Organization, 2000). 
 
At the conclusion of the data collection each participant was given a brief verbal report of 
his or her ocular health.  Arrangements were made with prison authorities so that subjects 
requiring additional investigation or treatment of medical or ocular conditions were 
referred to the local hospital (Modilon Hospital) for follow-up. 
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3.5 Dietary assessment 

The ‘nutrition and lifestyle’ section of the General Questionnaire included questions 
regarding fruit and vegetable intake and exposure to potential neurotoxins (including 
cassava, tobacco, and alcohol).  An interactive 24-hour recall, adapted from that described 
by Gibson and Ferguson, was conducted in order to generate the average daily nutrient 
intake of the participants (Gibson & Ferguson, 1999).  In addition, a food-gift recall was 
administered to the prisoners to account for additional foods contributing to the prisoners’ 
diet via food gifts from visitors.  This method of dietary data collection allowed for a rapid 
assessment of the participants’ diet with a low respondent burden. To assess the accuracy 
of the dietary recall data, samples of prisoner lunch and dinner rations were weighed on 
three occasions.  
 
As a further measure of dietary habits, a basic food frequency questionnaire (FFQ) 
(Appendix 4) was administered to the guards to gain a crude estimate of the frequency at 
which they consumed certain foods and food groups.  
 

24-hour recall design 
A standardized questioning protocol was implemented for the dietary recall using 
multiple-pass interviewing (Gibson & Ferguson, 1999).  Briefly, the first pass involved the 
participant listing all the foods and drinks they had consumed in the previous 24-hours 
and the time at which these were eaten; the second pass involved the participant giving 
more specific descriptions of the foods and drinks listed; the third pass involved the 
estimation of portion sizes of the foods and drinks listed; and the final pass was a review 
of the recorded data. 
 
Due to a repetitive and largely uniform diet given to the prisoners at Beon, modifications 
to the dietary recall form designed by Gibson and Ferguson were made in order to 
simplify and quicken the data collection (Appendix 3 page 16) (Gibson & Ferguson, 1999). 
The recall form was adjusted so that staple prison foods were listed at the top of each meal 
section (breakfast, lunch, dinner) giving the interviewer the option of selecting these foods 
if reported as being consumed by the prisoner (by ticking the corresponding box).  Options 
for specific brand names, methods of cooking and a range of suggested portion 
measurements were also given beside each food listed.  This eliminated the need for the 
interviewer to write down commonly consumed foods and allowed for a greater accuracy 
of dietary assessment by giving more consistent data. The staple food options included 
rice, corned beef, tinned tuna, water-crackers and tea. Adequate space on the dietary recall 
forms was given to allow for foods aside from prison staples to be recorded. Recall forms 
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used for interviewing guards did not include these optional food choices, but rather blank 
spaces as described by Gibson and Ferguson (Appendix 4) (Gibson & Ferguson, 1999). 
 
A prompt sheet designed to aid interviewers in obtaining detailed descriptions of specified 
foods was adapted from Gibson and Ferguson to include foods found locally (Appendix 

5) (Gibson & Ferguson, 1999).  This was compiled by surveying three supermarkets and 
the local Sunday market in Madang.  Foods given as prison rations were also included in 
the prompt sheet.   
 
Graduated food models were used to help participants estimate portion sizes of foods.  
These included prepared portions of cooked rice (300, 400, 500 and 600g) to aid with 
estimation of rice portions and portions of playdough (25, 50, 75 and 100g) to aid with 
fish/meat portion size estimation.  The 500g rice model and the 75g playdough model 
were based on rations sizes for rice and corned beef allocated by the prison kitchen 
manager (volume equivalents).  Measuring cups, measuring spoons, and prison cups and 
plates were also available to aid with portion estimation. 
 
Before the study commenced, the 24-hour recall was piloted by research assistants (n=15) 
who each conducted training interviews.  In addition, test interviews including the 24-
hour recall and food-gift recall were conducted on two volunteer prisoners at Beon prison. 
Comments and suggestions were made regarding the format and functionality of the 
recall form and prompt sheet, and changes were made to tailor the dietary questionnaire 
to the local culture and foods. 
 

Food-gift recall 
After completing the 24-hour recall, prisoners were asked to recall all food gifts that they 
had consumed on the most recent visiting day, which was either a Saturday or Sunday 
depending on prison section.  The food-gift recall (Appendix 3 page 22) was conducted in 
the same manor as the 24-hour recall described above. 
 

Ration assessment 
A weighed analysis of prison rations was conducted in order to assess the accuracy of the 
24-hour recall data.  Ten prison meals were weighed on three separate meal occasions (30 
meals total).  Foods (meats and rice) were each weighed separately using Salter Electronic 
Kitchen Scales (Model 1035, Salter Housewares Ltd., Kent, UK) accurate to ± 2 grams.  The 
standard weights of the pre-packaged water-cracker varieties distributed at breakfast were 
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also obtained.  The prison kitchen manager provided estimated weights of rations 
allocated per person per meal. 
 

Guard FFQ 
In addition to the 24-hour recall, a short FFQ was conducted in the guards to enable 
dietary comparisons between the prisoner and guards as the increased dietary variation in 
this free-living population was unlikely to be captured by a single 24-hour dietary recall. 
This assessed the frequency at which the guards usually consumed fruit, green vegetables, 
starchy vegetables, fish, meat, bread/buns/crackers, rice, milk/cheese, eggs, nuts and 
coconut milk.  Foods commonly eaten were recorded alongside respective food groups. 
 

3.6 Dietary analysis 

Nutrient Database 
A database of the nutrient composition of foods was compiled using the Pacific Islands 
Food Composition Tables (Dignan et al., 2004). If the reported foods were not listed in 
these tables, the following tables were used in order of preference: The Australian Food 
Composition Tables (Food Standards Australia New Zealand, 2010), The Concise New 
Zealand Food Composition Tables (Lesperance, 2009), The USDA National Nutrient 
Database for Standard Reference (United States Department of Agriculture, 2010). 
 

Nutrient analysis 
Due to the variety of nutrient databases that were required to characterize the foods, a 
proprietary nutrient analysis software package was not available.  The candidate entered 
the data into a Microsoft Excel workbook version 12.2.0 (Microsoft Corporation, Redmond, 
WA, USA) and mapped the nutrient content data with the amount of food consumed to 
yield a nutrient intake.  The 24-hour recall and gift recall data were combined 
appropriately to generate the median daily nutrient intake of 26 nutrients for each 
participant.  
 

3.7 Biochemical assessment 

Blood sample collection and preparation 
Participants were required to fast prior to blood collection.  Due to the logistics within the 
prison approximately half of the samples were collected from prisoners who had fasted 
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overnight whilst the remaining half of samples were collected from prisoners 
approximately five hours after they had eaten breakfast.  Guards were required to fast 
overnight.  Blood was drawn by venipuncture (17mL) from the median cubital vein into 
two Vacutainers (Becton Dickinson Rutherford, NJ) by trained nurses.  One Vacutainer 
was trace-element-free, and the other was treated with ethylenediaminetetraacetic acid 
(EDTA). 
 
The blood sample drawn into the trace-element-free Vacutainer was immediately put on 
ice in the dark to allow for blood coagulation. One hour after collection, these samples 
were centrifuged for 10 minutes at 3.0 RCF.  Haematocrit (HCt) was determined by 
measuring the height of the packed red blood cells expressed as a percentage of total 
column height.  Following this, 0.3µL aliquots of serum were stored in 1.5mL CryoTubes 
(Thermo Fisher Scientific, Waltham, MA, USA) in preparation for the analysis of "-
carotene, lutein, retinol, !-tocopherol, vitamin B12, selenium, cholesterol and creatinine.  
Samples to be used for carotenoid analysis ("-carotene, lutein and retinol) were covered 
with aluminum foil for protection from light. 
 
The blood sample drawn into the EDTA-treated Vacutainer was stored on ice in the dark.  
Within 30 minutes of sample collection, 1mL aliquots of whole blood were stored in 1.5mL 
CryoTubes in preparation for whole blood folate and riboflavin analysis. The samples to 
be used for riboflavin analysis were covered in aluminum foil for protection from light. 
The Vacutainers were then centrifuged for 10 minutes at 3.0 RCF and supernatant plasma 
was aliquoted into storage vials in preparation for the analysis of plasma folate (1mL) and 
total homocysteine (tHCy) (0.3mL).  For vitamin C analysis, 100µL of plasma was mixed 
with 900µL of 5% metaphosphoric acid. 
 
Red blood cells were then prepared for thiamin analysis.  Remaining plasma and the buffy 
coat was removed from the EDTA treated Vacutainer. The remaining red blood cells were 
washed with isotonic 0.9% saline, mixed thoroughly and centrifuged at 3.0 RCF for 5 
minutes.  The saline layer and top 1mm layer of red blood cells was removed and 
discarded by pasteur pipette.  Finally 1mL of the washed red blood cells and 1mL of 
distilled water was transferred to a CryoTube and gently mixed. 
 
After preparation, samples were temporarily stored at -80ºC in the PNG International 
Medical Research facility at Modilon Hospital before being transported frozen to New 
Zealand for analysis.  
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3.8 Biochemical Analysis 

Retinol, !-tocopherol, "-carotene and lutein  
Serum concentrations of retinol, !-tocopherol, "-carotene and lutein were determined 
using the Aglient High-Performance Liquid Chromatography (HPLC) system (1100 series) 
based on methods by Thurnham et al. (Thurnham et al., 1988).  The column (Phenomenex 
prodigy C18 5 ODS 3 100A 100 x 3.20 mm) was fitted with a 30 x 4.6mm guard column 
and maintained at 25°C using a column heater.  An isocratic mobile phase 
(acetonitrile/methanol/chloroform 47:47:6 by volume) was pumped through the column 
at a flow rate of 0.9mL/min. The diode array detector (Agilent, 100 Series) was 
programmed to monitor absorbance at 325nm (retinol) at 2.2 minutes, 292nm (!-
tocopherol) at 6.6 minutes, and 450nm (lutein and "-carotene) at 2.1 and 15.0 minutes 
respectively.  The sample run time was 16.5 minutes. 
 
Precision was determined by analysis of commercial control serum and pooled plasma 
measured over a four run period.  A bi-level Vitamin A and E commercial control (UTAK 
Laboratories Inc, Valencia, CA, USA) was used for retinol and !-tocopherol, and pooled 
plasma was used for assessment of "-carotene and lutein precision.  The intra-assay 
(within run) CV for each variable was as follows: !-tocopherol 5.6% (n=15), "-carotene 
14.1% (n=15), retinol 11.7% (n=15), lutein 9.6% (n=15). The lower level of detection was 
0.076µmol/L, 4.00µmol/L, 0.063µmol/L, 0.15µmol/L, for retinol, !-tocopherol, "-carotene 
and lutein respectively. 
 

Folate 
Plasma and whole blood folate concentrations were determined by microbiological assay 
on microtiter plate (O'Broin & Kelleher, 1992) with chloramphenicol resistant Lactobacillus 
casei (NCIB 10463) as the test microorganism.  Variations on methods by O’Broin and 
Kelleher included the addition of ascorbic acid to whole blood after thawing frozen 
samples.  The folate concentrations were read at a wavelength of 590nm using an ASYS 
UVM 340 plate reader (ASYS Hitech GmbH, Austria).  Precision was determined by the 
analysis of pooled plasma, with an intra-assay CV of 11.8% (n=18).  Red blood cell folate 
was calculated from the following equation :  
 

! 

red blood cell folate =  
whole blood folate -  (plasma folate "  (1- haematocrit) 

haematocrit
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Table 3.2 Mean and for the analysed selenium content of UTAK and Seronorm™ 
compared to certified values 

!

 Selenium concentration 
(µg/L) 

Replicates Mean (SD) 

UTAK (Cat #66816) 125.7 (6.19) 

Seronorm™ (MIO181) 74.79 (4.64) 

CRM Certified values Mean (Range) 

UTAK (Cat #66816) 118 (88-148) 

Seronorm™ (MIO181) 82.4 (72.2 - 92.6) 

!
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Vitamin C 
Plasma vitamin C was determined fluorometrically based on the kinetics of fluorescence 
development by condensation of dehydroascorbic acid with 1,2-phenylenediamine on a 
Cobas Fara II centrifugal analyser (Roche Diagnostica Instruments, Basel, Switzerland).  
Methods were adapted from Vuilleumier and Keck (Vuilleumier & Keck, 1989).  Precision 
was determined by the analysis of pooled plasma, the intra-assay CV was found to be 
5.9% (n=16).  A spiked recovery was carried out with low, medium and high controls, with 
respective recovery rates of 108%, 102% and 89%.   
 

Homocysteine 
Plasma tHCy was determined using HPLC with fluorescence detection based on a 
modified method of Ubbink et al. (Ubbink et al., 1991). Equipment included a Shimadzu 
LC-6A (Shimadzu Corporation, Kyoto, Japan) HPLC pump, coupled to a SGE (LC, 
Ringwood, Australia) LS 3200 autosampler fitted with a Phenomenex column (150mm x 
4.6 mm). A reversed-phase guard column was fitted between the column and the 
autosampler for protection of the column. Fluoresence intensities were measured with 
excitation of 385 nm and emission at 515nm for tHCy and using a Shimadzu RF-551 
spectro fluorometric detector coupled to an ADI PowerChrom integrator (AD Instruments 
Japan, Tokyo, Japan).  Mobile phase flow rate was 1.5 mL/min. Cystamine was used as an 
internal standard (Loehrer et al., 1996).  Bio-Rad Liquichek Cardiac Markers Plus Control 
LT Levels 1, 2 and 3 (Bio-Rad Laboratories, Irvine, CA, USA) were used as controls. The 
inter-assay CV for high, medium and low level controls were 0.90%, 2.55% and 4.9% 
respectively (n=3) and the intra-assay CV for pooled serum was 4.7% (n=28). 
 

Selenium 
Analysis of serum selenium was undertaken in duplicate via graphite furnace atomic 
absorption spectrophotometry (AA-800, Perkin-Elmer Corp, Norwalk, CT, USA) based on 
a modified method of Jacobson and Lockitch (Jacobson & Lockitch, 1988).  Accuracy and 
precision of serum selenium analysis was assessed using two certified reference materials 
(CRM), results are summarized in Table 3.2.  The reference materials analysed were: 
UTAK (Cat #66816, UTAK Laboratories Inc, Valencia, CA), and Seronorm (MI0181 
Seronorm Trace Element Serum, Laboratories of SERO AS, Billingstad, Norway).  Quality 
control reference measurements were all within the corresponding reference ranges, 
confirming the accuracy of the method.  The CVs were 4.9 and 6.2 percent for UTAK and 
Seronorm respectively (n=15).  
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Creatinine and cholesterol 
Total serum cholesterol and creatinine were measured by automated enzymatic 
colorimetry using Roche CHOD-PAP and CREA diagnostic kits (Roche Diagnostics, 
Indianapolis, IN, USA) on a Cobas Mira analyser (Cobas Mira Plus, Roche Diagnostic 
Systems, Basel, Switzerland).  Control serum was run every 25 samples. The intra-assay 
CV for total cholesterol and creatinine was 1.6% (n=5) and 0.74% (n=5), respectively.  The 
laboratory used for analysis participates in the Royal Australasian College of Pathologists 
Quality Assurance Programme for cholesterol analysis. 
 

Vitamin B12, thiamin and riboflavin 
Serum vitamin B12, serum holotranscobalamin II, red cell thiamin pyrophosphate, and 
flavin adenine dinucleotide concentrations were analysed by Canterbury Health 
Laboratories (Christchurch, New Zealand).  A brief description of methodology is 
described below. 
 
Serum Vitamin B12 concentration was measured in a two-step assay with an automated 
sample pre-treatment using Chemiluminescent Microparticle Immunoassay (CMIA) 
technology.  Reported CVs for manufacturers controls of 363.6pmol/L and 476.3pmol/L, 
were 6.4% and 6.1% respectively. 
 
Concentration of Serum holotranscobalamin II, the physically active metabolite of vitamin 
B12, was measured by a two-step micro-particle enzyme immunoassay using an Abbott 
AxSYM Analyzer. 
 
Concentration of red cell thiamin pyrophosphate (TPP), a phosphorylated form of thiamin, 
was measured fluorometrically using HPLC. Red blood cells were washed and lysed 
and protein was precipitated with 7.2% perchloric acid. Alkaline ferricyanide was 
added to the supernatant to produce an oxidative conversion to form a thiochrome 
derivative which was injected into the HPLC. The thiochrome was measured and 
quantitated using fluorometric determination.  The reported CV was 10.0%. 
 
Flavin adenine dinucleotide (FAD) concentration, a co-enzyme synthesized by riboflavin, was 
measured as an indicator of riboflavin status. Whole blood FAD was determined using an 
isocratic HPLC system using a Chromsystems Vitamin B2 kit (Chromsystems Vitamin B2 

kit, Chromsystems GmbH, Munich, Germany) according to methods by Chromsystems 
(Chromsystems, 2011). The reported CV was 12.6% and the lower limit of detection was 
15nmol/L. 
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3.9 Food sample analysis 

Tins of corned beef and tuna were obtained from the prison kitchen at the time of data 
collection and shipped to New Zealand for analysis of cadmium and lead.  Triplicate 
samples of tuna and corned beef, weighing approximately 1g, were mixed with 5mL nitric 
acid and digested in a microwave. The resulting digests were transferred to volumetric 
flasks and made up to 25mL with distilled water.   Graphite Furnace Atomic Absorbtion 
Spectrophotometry was used to determine cadmium and lead concentrations. 

3.10 Statistical analysis 

General 
Anonymised data were entered into a specifically designed database. Double entry was 
used to check data integrity. Analyses were performed using Intercooled Stata 9.2 (Stata 
Corporation, College Station, TX, USA). Statistical significance was accepted at P<0.05. 
Only male participant data were analysed. 
 

Baseline data 
Baseline demographic data were presented as means and standard deviations for 
normally distributed continuous data and median, 25th and 75th percentile values for non-
normally distributed continuous data.  Categorical demographic data were expressed as 
numbers (n) and proportions. Differences in the demographic characteristics of prisoners 
and guards were tested using the Fisher’s exact test for categorical variables and the 
Student’s t-test for continuous variables. Differences between former and current tobacco, 
alcohol and cassava intakes of prisoners were tested using the Wilcoxon signed rank test. 
Data were presented to 2 significant figures. 
 

Dietary data analysis 
The nutrient intake data were presented as median, 25th and 75th percentile values.  
Differences between the median nutrient intake of guards and prisoners were tested using 
the median test.  Data were calculated to significant figures. 
 
Age and sex specific nutrient reference values, based on estimated average requirement 
(EAR) values derived by the Institute of Medicine (IOM) were used to assess dietary 
adequacy.  These values represent the average daily intake level estimated to meet the 
requirements of half of the individuals in a population.  The following EAR reference 
values for males aged 19 to 30 years old were used: protein, 56g; total dietary fibre, 25g; 
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total vitamin A, 625µg; thiamin, 1.0mg; riboflavin, 1.1mg; niacin equivalent, 12mg; vitamin 
B6, 1.1mg; vitamin B12, 2.0µg; folate 320µg; vitamin C, 75mg; vitamin E, 12mg; sodium, 
1500mg; magnesium, 330mg; potassium, 4700mg; calcium, 800mg; iron, 6mg; zinc, 9.4mg; 
selenium, 45mg (Institute of Medicine, 1997; Institute of Medicine, 1998; Institute of 
Medicine, 2000; Institute of Medicine, 2001; Institute of Medicine, 2002/2005). 
 
The energy requirements of prisoners and guards were calculated separately according to 
the average body mass of each group. Recommended energy intakes were based on 
calculations of average energy expenditure according to WHO criteria (Food and 
Agriculture Organization et al., 2001). A physical activity level of 1.45 (representative of a 
sedentary lifestyle) was used for the estimation of both prisoner and guard requirements.  
Calculated energy requirements for prisoners and guards were 9.7 and 11.1MJ 
respectively. 
 

Biochemical data analysis 
Biochemical data were presented as median concentration and 25th and 75th percentile 
values.  Differences in the biochemical nutrient status of guards and prisoners were tested 
using the median test. Data were calculated to 3 significant figures. 
 
The following interpretive criteria were used to define risk of micronutrient deficiencies: 
serum retinol <0.70µmol/L (de Pee & Dary, 2002); serum vitamin C <11.4µmol/L (Gibson, 

2005); serum "-tocopherol <11.6µmol/L (Sauberlich, 1999); serum "-tocopherol:total 
cholesterol ratio <2.2µmol/mmol (Gibson, 2005); red cell thiamin <140nmol/L (Wilkinson 
et al., 1997); serum vitamin B12 <59pmol/L (Food and Agriculture Organization & World 
Health Organization, 1988); serum holotranscobalamin II <30pmol/L (Sauberlich, 1999); 
haematocrit of <0.39 (Stoltzfus & Dreyfuss, 1998).  
 
Interpretive criteria for folate status were as follows: plasma folate <6.8nmol/L to indicate 
negative folate balance (Herbert, 1967); red blood cell folate <363nmol/L to indicate folate 
depletion and <227nmol/L to indicate folate deficiency anaemia (Herbert, 1987b; Herbert, 
1987a).  Interpretive criteria for plasma homocysteine were as follows: 5-15µmol/L normal 
concentration; 15-25µmol/L moderate hyperhomocysteinemia; 25-50µmol/L intermediate 
hyperhomocysteinemia; 50-500 severe hyperhomocysteinemia (Jacobsen, 1998).   
 
A serum selenium concentration of <1.27µmol/L was used as an indicator of inhibited 
glutathione peroxidase activity, and <0.82 µmol/L as an indicator of reduced activity of 
iodothyronine 5'-deiodinases (Thomspson, 2004).  A creatinine concentration of 
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>115µmol/L was used as an indicator of renal impairment (Couchoud et al., 1999).  High 
total serum cholesterol was defined as >5.2mmol/L (Roth et al., 2011). 
 

Interpretive criteria for lead and cadmium in foods 
Provisional tolerable weekly intakes (PTWI) recommended by the joint FAO/WHO 
Expert committee on Food Additives were used to determine whether cadmium or lead 
toxicity from tuna and corned beef consumption was likely in prisoners (Food and 
Agriculture Organization & World Health Organization, 2011).  The PTWI 
recommendations were: 25µg/kg body weight/week for lead and 5.8µg/kg body 
weight/week for cadmium. 
 

Demographic and lifestyle correlates of ON 
Linear regression was used to test for univariate associations between ON outcome and 
previously identified correlates of ON including: age, tobacco consumption, alcohol 
consumption, cassava intake, treatment with certain pharmaceutical drugs3, arm or leg 
weakness in the previous month, burning, numbness or tingling in the last month, 
difficulties with balance in the last month, reduced hearing in the last month; as well as 
with other potential predictors including: time of incarceration at Beon prison, betel nut 
and marijuana consumption.  
 

Biochemical correlates of ON 
The association between biochemical nutrient status (including blood concentrations of 
retinol, "-carotene, lutein, !-tocopherol, vitamin C, red cell thiamin pyrophosphate, FAD, 
folate, vitamin B12, holotranscobalamin II, homocysteine and selenium) and severity of ON 
were individually assessed using linear regression. Severity of ON was based on the 
different classifications of ON that were created according to the type and number of optic 
abnormalities present in the participant. ‘Non-cases’ represented low severity, ‘possible 
cases’ represented moderate severity and ‘likely & definite cases’ represented high 
severity.    
 
If the P-value of the tested demographic and lifestyle correlates of ON was <0.05, then 
these variables were included in a multivariate linear regression model of biochemical 
nutrient status and ON severity to adjust for potential confounding.  The following 
variables remained in the multivariate regression model: age and time incarceration at 
Beon prison. 
                                                        
3 Ethambutol, streptomycin, chloroquine, digitalis, chlorpropamide, chloramphenicol, isoniazid and antibiotics 
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Table 3.1 Baseline characteristics of male prisoners and guards at Beon Prison 
 
 Prisoner  

n=148a 
 

Mean (SD) 

Guard  
n=13a 

 
Mean (SD) 

P b 

Age (years) 31.0 (7.93) 47.3 (10.2) <0.001 
Height (cm) 164 (6.83) 167 (4.27) 0.112 
Weight (kg) 60.6 (6.92) 75.8 (14.1) <0.001 
BMI (kg/m2) 22.5 (2.25) 27.1 (5.22) <0.001 
  

n (%) 
 

n (%) 
 

Childhood domicile  
Urban 

 
59 (40) 

 
4 (31) 

 
0.569 

Rural 88 (60) 9 (69)  
Birth province    

Madang 79 (53) 3 (23)  
Morobe 22 (15) 0 (0) 0.001 
East Sepik 16 (11) 7 (54)  
Other 31 (21) 3 (23)  

Adulthood domicile  
Urban 

 
74 (51) 

 
9 (100) 

 
0.004 

Rural 70 (49) 0 (0)  
Education     

None 17 (11) 0 (0)  
Primary 94 (64) 1 (7.7) <0.001 
Secondary 30 (20) 4 (31)  
Tertiary 7 (4.7) 8 (62)  

Source of household income     
Farming/fishing 59 (40) 1 (7.7)  
Private employment 48 (32) 0 (0) <0.001 
Government employment 13 (8.8) 12 (92)  
No income 28 (19) 0 (0)  

Literacy 
Literate 

 
125 (88) 

 
13 (100) 

 
0.363 

Illiterate 17 (12) 0 (0)  
Smoking status    

Current 103 (71) 3 (23) <0.001 
Past 31 (21) 0 (0)  
Never 12 (8.2) 10 (77)  

Tobacco exposure (cigarettes/day)    
None 43 (29) 9 (75)  
<1 cigarette/day 48 (33) 0 (0) 0.001 
1-10 cigarettes/day 46 (32) 1 (8.3)  
≥10 cigarettes/day 9 (6.2) 2 (17)  

Alcohol consumption status    
Current 19 (13) 8 (62) <0.001 
Past 115 (79) 0 (0)  
Never 12 (8.2) 5 (38)  

Alcohol consumption (units of alcohol/dayc)    
None 128 (90) 5 (38)  
<1 unit/day 1 (0.7) 0 (0)  <0.001 
1-2 units/day 2 (1.4) 2 (15)  
≥3 units/day 12 (8.4) 6 (46)  

Fruit and vegetable intake    
Never 97 (66) 0 (0)  
<1 time/week 37 (25) 0 (0) <0.001 
1-6 time/week 14 (9.5) 8 (67)  
Daily 0 (0) 4 (33)  

Cassava intake    
<1 time/week 132 (89) 6 (46) 0.001 
1-6 times/week 14 (9.5) 6 (46)  
Daily 2 (1.4) 1 (7.7)  

a  Not all data is complete 
b P value generated from Student’s t-test (parametric data) or Fisher’s exact test (non-parametric data) 
c  Unit of alcohol = 1 bottle/can beer, 125mL home-made alcohol, 1 glass of wine or 10mL spirits 

 

 



 54 

 

4 Results 

4.1 Characteristics of the survey population 

In May 2010 there were 254 male and 10 female prisoners at Beon Prison. Of these, 148 
males (58.3%) and all females chose to participate in this investigation.  Seventeen prison 
guards working at Beon prison also chose to participate. Consent was obtained for 69% of 
the prison population (male & female)  (175/254) and data collection (questionnaire and 
clinical examination) was completed for 62% (158/254).  Female participants were 
excluded from analysis due to low numbers (prisoners, n=10; guards, n=4).  The final 
number of participants analyzed was therefore 148 male prisoners and 13 male guards.  
No age, length of incarceration, health or other data were available for those who did not 
participate.  
  

Demographic characteristics of participants 
Baseline data were obtained from 148 prisoners and 13 guards.  The baseline 
characteristics of the participating male prisoners and guards are presented in Table 3.1. 

All study participants were of Melanesian ethnicity.  Prisoners were of significantly lower 
mass, BMI, and were younger than the guards. According to the WHO BMI cut-offs, 5% of 
the prisoners were underweight (BMI<18.5), 81% were normal weight (BMI ≤18.5-24.9), 
and 15% were overweight (BMI ≤25-29.9) (World Health Organization, 2000). Recent 
weight loss (last 3-6 months) was reported in 57 prisoners (42%). 
 
Slightly over half of the prisoners lived in rural areas as children (60%) and approximately 
half lived in rural areas in their adult years (49%).  The majority of prisoners (53%) were 
born in Madang province, the province in which Beon prison is situated. Prior to 
incarceration most prisoners were either privately employed (35%) or unemployed (37%).  
The household income of male prisoners was largely from farming or fishing (40%) or 
from private employment (32%).  Only 25% of prisoners had completed education beyond 
primary level whilst 93% of guards had completed beyond this level.  
 

Fruit and vegetable consumption 
Prior to incarceration, most prisoners consumed fruit and vegetables daily (71%).  The 
reported consumption of fruit and vegetables in prison was significantly lower- most 
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Table 3.2 Characteristics of male prisoner participants (n=148a) 
 
  

n (%) 
 

Median (P25, P75) 
Occupation prior to incarceration   

government employee  6 (4.1)  
private employee  51 (35)  
farming/fishing  23 (16)  
student  13 (8.8)  
unemployed 54 (37)  

Category of incarceration   
Maximum security unit 84 (59)  
Minimum security unit 45 (32)  
Remandee 13 (9.2)  

Time of current Beon incarceration  17 (2, 74) 
< 6 months 25 (17)  
6-11 months 21 (14)  
12-23 months 58 (39)  
24-47 months 23 (16)  
≥48 months 21 (14)  

Cumulative time of incarceration  34.5 (3, 121) 
< 6 months 12 (8.1)  
6-11 months 14 (9.5)  
12-23 months 34 (23)  
24-47 months 35 (24)  
≥48 months 53 (36)  

 

a Not all data is complete 
 
 
 
 
 

Table 3.3 ON categorization of male prisoners and guards at Beon prison 

ON categorization 
Prisoner  

n=135 
 

n (%) 

Guard  
n=13 

 
n (%) 

Definite 11 (8.2) 0 (0) 

Likely 3 (2.2) 0 (0) 

Possible 30 (22) 4 (31) 

Non-case 91 (67) 9 (69) 
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prisoners reported to rarely or never consume fruit and vegetables (66%) and 91% 
consumed these less than once per week.  Most guards consumed fruit and vegetables 1-6 
times per week (62%), and 31% consumed vegetables daily.   
 
Few participants reported daily cassava consumption (1% prisoners, and 8% guards).  
Most prisoners consumed cassava less than once per week (89%).  Cassava consumption 
was higher amongst prisoners before incarceration- 18% of prisoners had consumed 
cassava daily prior to incarceration and 48% had consumed cassava 1-6 times per week. 
 

Tobacco and alcohol exposure 
Despite tobacco and alcohol being prohibited by prisoners, 103 prisoners (71%) described 
themselves as current tobacco smokers.  Before incarceration 76% of prisoners smoked 
daily and 30% of prisoners smoked 10+ cigarettes per day.  Over half of the prisoners 
(55%) reported smoking daily in the prison.  Three guards (23%) described themselves as 
current tobacco smokers. 
 
Alcohol consumption of the prisoners was significantly lower in prison than that reported 
prior to incarceration (p<0.05).  Before incarceration most prisoners consumed alcohol 
(n=147, 99.3%) and 86% consumed 3+ units of alcohol daily (n=127, 86%), primarily in the 
form of commercial beer or homemade alcohol.  At the time of the survey, 19 prisoners 
and 8 guards reported current alcohol consumption. Commercial spirits was the most 
common form of alcoholic beverage consumed in prison. Most prisoners did not consume 
any alcohol (90%). 
 

Incarceration  
Incarceration data for male prisoners are presented in Table 3.2.  The median time of 
current incarceration for prisoners was 17 months ranging from 1 month to 197 months (16 
years).  The median cumulative time of incarceration was 35 months (2.9 years) ranging 
from 1 month to 30 years.  Most prisoners reported that their present sentence at Beon 
prison was the only prison sentence they had served (72%).  Of the remaining 28% of 
prisoners, 10 had spent time at other correctional facilities with 3 serving at Barawagi 
prison, and the remaining 7 serving at different correctional facilities. Most prisoners 
surveyed were held as maximum-security convicts (59%), 32% were held as minimum-
security convicts and 9% were held on remand. 
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Table 3.4 Daily nutritional intakes of male prisoners and guards based on 24-hour dietary recall data 
and gift recall data 
 

 Prisoners 
n=148 

 
 

Median (P25, P75) 

Guards 
n=9 

 
 

Median (P25, P75) 

Pa EARb 
 

Prisoners 
 
 

Median 
intake as 

%EAR 

Guards 
 
 

Median 
intake as 

%EAR 
Energy (kJ) 7430 (6170, 8600) 8400 (6430, 9370) 0.242  - - - 

Protein (g) 50.5 (41.2, 59.6) 
 

76.3 (40.8, 87.2) 0.294 56c 90 140 

Total fat (g) 
% energy 

26.3 (20.6, 31.9) 
13.0 (11.6, 15.0) 

62.0 (34.3, 89.7) 
27.6 (15.4, 41.5) 

0.069 
0.076  

 
20-35%d 

- - 

Saturated fat (g) 
% energy 

14.2 (11.4, 17.0) 
7.15 (6.07, 8.34) 

24.1(15.9, 40.4) 
12.7 (6.35, 18.5) 

0.069 
0.076 

 
<10% 

- - 

Cholesterol (mg) 45.9 (29.9, 57.9) 109 (40.4, 164) 0.083 <300 - - 

Carbohydrates (g) 
% energy 

331 (271, 390) 
76.4 (73.7, 82.0) 

238 (209, 350) 
60.4 (46.5, 72.2) 

0.312 
0.090 

100 
 

330 240 

Total dietary fibre (g) 9.80 (8.08, 11.8) 16.1 (11.0, 19.6) 0.083 25 39 64 

Total vitamin A  (µg) 
ß-carotene equiv. (µg) 
Retinol (µg) 

54.1 (14.8, 104) 
556 (27.6, 1100) 
12.4 (7.66, 16.6) 

666 (179, 989) 
6620 (595, 10200) 

129 (32.3, 668) 

0.014* 
0.069 
0.083 

625 8.7 110 

Thiamin (mg) 1.09 (0.875, 1.30) 1.17 (0.895, 0.587) 0.294 1.0 99 110 

Riboflavin (mg) 0.308 (0.242, 0.383) 0.850 (0.587, 1.11) 0.001* 1.1 28 77 

Niacin equiv. (mg) 
 

23.7 (19.5, 28.2) 20.7 (15.1, 30.4) 0.746 12 200 170 

Vitamin B6 (mg) 
 

1.57 (1.02, 1.85) 1.58 (1.02, 1.88) 0.717 1.1 140 140 

Vitamin B12 (µg) 
 

2.83 (1.49, 3.11) 3.06 (1.75, 4.65) 0.495 2.0 140 150 

Folate (µg) 76.4 (61.3, 93.1) 234 (95.0, 292) 0.015* 320 24 73 

Vitamin C (mg) 5.70 (1.25, 10.2) 85.5 (16.5, 119) 0.012* 75 8 110 

Vitamin E (mg) 1.68 (1.15, 2.30) 8.51 (3.11, 11.2) 0.083 12 14 71 

Sodium (mg) 1560 (1230, 1920) 1700 (1150, 2610) 0.717 1500 100 110 

Magnesium (mg) 182 (150, 223) 273 (180, 368) 0.083 330 55 83 

Potassium (mg) 677 (512, 870) 1920 (1430, 2840) 0.002* 4700 14 41 

Calcium (mg) 
 

137 (107, 202) 416 (257, 531) 0.015* 800 17 52 

Iron (mg) 
 

12.7 (10.3, 15.3) 14.0 (9.89, 18.4) 0.717 6 210 230 

Zinc (mg) 
 

8.71 (6.78, 10.4) 8.4 (4.04, 10.9) 0.312 9.4 93 89 

Selenium (µg) 26.2 (14.5, 30.9) 57.5 (36.7, 72.6) 0.014* 45 58 128 

 
a Generated from Median test 
b (Institute of Medicine, 1997; Institute of Medicine, 1998; Institute of Medicine, 2000; Institute of Medicine, 2001; Institute of Medicine, 
2002/2005) 
c Recommended Daily Intake (RDI) 
d Acceptable Micronutrient Distribution Range (AMDR) 
* Significant p<0.05 
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4.2 Clinical assessment 

Ophthalmological examinations were completed for 135 male prisoners and 13 prison 
guards.  ON was found to be present in the prison population. The prominent clinical 
features of ON observed in the prisoners were loss of visual acuity, visual field loss, 
asymmetric colour defect, and optic nerve damage.  ON status data are presented in Table 

3.3.  Eleven ‘definite’ cases of ON, and 3 ‘likely’ cases of ON were identified in 
participating prisoners, for a prevalence of 10.4% (14/135).  Seven cases were unilateral 
and 6 were bilateral. No cases of ‘likely’ or ‘definite’ ON were found in the guards. 

No cases of peripheral neuropathy were found.  All patients (9.6%; 14/145) with sensory 
deficits had only one abnormal finding (most commonly decreased reflexes, 35.7%; 5/14).  
Neurological deficits included decreased reflexes, leg weakness, paresthesia, sensory loss, 
hearing loss, and loss of proprioception. 
 

4.3 Dietary assessment 

Dietary recall was completed by 148 prisoners and 9 guards. Nutrient intake data 
generated from the dietary recall are presented in Table 3.4.  Prison rations were weighed 
on four meal occasions; totaling 40 servings of rice, 30 servings of corned beef (tinned) and 
10 servings of tuna (tinned).  Eight guards completed the short FFQ. 
 

Prisoners diet 
The prisoner diet consisted primarily of rice (fortified with iron (3mg/100g), thiamin 
(0.3mg/100g) and niacin (6mg/100g), tinned corned beef, tinned tuna, water-crackers, tea 
and water.  Although prisoners reported some consumption of other foods, this was 
uncommon. Less than 25% of prisoners met the EAR for vitamin A, folate, vitamin C, 
vitamin E, potassium and calcium intakes.  Additionally, less than half of the prisoners 
surveyed met the EAR for magnesium, fibre and selenium intakes. When compared to the 
guard diet, prisoners had a significantly lower intake of fat, saturated fat, cholesterol, 
dietary fibre, vitamin A, riboflavin, folate, vitamin C, vitamin E, magnesium, potassium, 
calcium and selenium. 
 
According to dietary recall data the average energy intake of prisoners was 7430kJ/day, 
85% of the estimated energy requirement (8700kJ/day) based on body mass, age, and 
physical activity level. 
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Table 3.5 Frequency of consumption of different foods by male guards (n=8) 
 
 Rarely  

 
(n) 

<1 weekly  
 

(n) 

1-3 weekly  
 

(n) 

4-6 weekly 
 

(n)  

Daily  
 

(n) 

≥2 daily 
 

(n) 

Fruit 2  4 2   

Green vegetables  1  1 4 1 

Starchy vegetables   5 1 1  

Fish 1 1 4 2   

Meat 2  4 1   

Bread/buns/crackers   2 3 3  

Rice    3 5  

Milk/cheese 4 1 3    

Eggs 5 2 1    

Nuts 2 1 3 1   

Coconut milk 1   1 6  

Kulau (immature 
coconut milk)       

 
 
 
 
Table 3.6 Average portion sizes of male prisoners according to 24-hour dietary recall data, weighed 
record and allocated ration 
 

Food 
24-hour dietary recall 
average portion size 

n=148 
Allocated ration 

portion size a 
Weighed portions 

 

  
Mean (SD) 

  
Mean (SD) 

 
n 

Rice (g) 418 (132) 441 423 (61.7) 40 

Corned beef (g) 39.8 (27.1) 60.0 58.0 (5.69) 30 

Canned tuna (g) 41.2 (19.6) 63.3 60.5 (5.89) 10 

Crackers (g) 115 (22.8) 125 Not measured - 

Tea (mL) 240 (58.7) Discretionary Not measured - 
 

a Determined from authorities 
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Guards diet 
Data from the guards FFQ are presented in Table 3.5.  Responses to the FFQ showed most 
guards consumed: green vegetables, rice and coconut milk on a daily basis; breads, buns 
or crackers 4-7 times/week; starchy vegetables 1-3 times/week; and milk, cheese and eggs 
less than one time/week. Fruit, fish, meat and nuts were most commonly consumed 1-3 
times/week although intake of these foods was more varied.  Analysis of the 24-hour 
recall dietary data showed that less than half of the guards met the EAR for fibre, 
riboflavin, folate, vitamin E, magnesium, potassium, calcium and zinc intakes. 
 
In guards, no recent weight loss was reported.  Recall data however suggested an average 
energy intake of 8400kJ/day- 76% of the estimated requirement (1110kJ/day).   
 

Accuracy of prisoner 24-hour recall data 
Prison rations of rice, tuna and corned beef were weighed on three occasions.  The average 
mass of each food portion was compared to the average portion size estimated by 
prisoners in the 24-hour recall data in order to validate this data.  This was also compared 
to rations allocated per person per meal according to the prison kitchen manager. 
 
These data are presented in Table 3.6.  There was little difference between the reported 
average portion of rice (418g) and the weighed average (423g), this was also comparable to 
that allocated by prison authorities (441g based dry weight of 150g).  In contrast, the 
reported weights of corned beef and canned tuna portions were approximately two-thirds 
of the weighed average suggesting that prisoners underestimated the portion sizes of tuna 
and corned beef. 
 

4.4 Biochemical assessment 

Fasting blood samples were collected from 139 male prisoners (94%) and 9 of the 
participating prison guards (69%).   Blood indices indicating the nutrient status of study 
participants are presented in Table 3.7.   
 

Prisoners nutritional status 
Over half of the prisoners fell below recommended cut-offs for biochemical indicators of 
vitamin A, folate and vitamin C status indicating widespread deficiency of these nutrients.  
The majority of prisoners (65%) had serum retinol concentrations below the cut-off of 
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Table 3.7 Blood indices of nutrient status in male prisoners and guards 
 

 Prisoners 
(n=139) 

 
 

Median (P25, P75) 

Guards 
(n=9) 

 
 

Median (P25, P75) 

Pa 

 Cut-off 

Prisoners 
below cut-

off 
 

n (%) 

Guards 
below cut-

off 
 

n (%) 
Serum retinol 
(µmol/L) 

0.730 (0.396, 1.21) 1.36 (0.961, 1.67) 0.016*  <1.05 marginal vitamin A 
<0.70 vitamin A deficiency 

90 (65) 
63 (46) 

2 (22) 
0 (0) 

Serum ß-carotene 
(µmol/L) 

<0.063 (<0.063, 
0.0883) 

0.246 (0.145, 
0.357) 

0.000*     

Serum !-tocopherol 
(µmol/L) 
 

15.5 (12.5, 18.3) 23.2 (20.2, 27.0) 0.002*  <11.6 deficiency 25 (18) 0 (0) 

Cholesterol 
(mmol/L) 

4.41 (3.81, 5.07) 5.54 (4.64, 6.98) 0.016*  >5.2 high total serum cholesterol 27 (20) b 6 (67) b 

Serum !-tocopherol: 
total cholesterol ratio 
(µmol/ mmol) 

3.43 (2.96, 3.81) 3.67 (4.04, 5.09) 0.016*  <2.2 inadequate vitamin E status 
 

0 (0) 0 (0) 

Serum lutein 
(µmol/L) 

1.58 (1.13, 2.40) 5.48 (4.34, 6.91) 0.002*     

Plasma vitamin C 
(µmol/L) 

6.25 (0.99, 19.3) 48.5 (17.2, 59.4) 0.002*  <11.4 deficiency 87 (64) 1 (11) 

Red cell thiamin 
pyrophosphate 
(nmol/L) 

258 (215, 307) 167 (133, 200) 0.016*  <140 risk of suboptimal thiamin 
status 

1 (1) 3 (33) 

Plasma FAD 
(nmol/L) 

221 (164, 282) 333 (255, 377) 0.013*  <155 deficiency 25 (18) 0 (0) 

Plasma folate 
(nmol/L) 

2.0 (1.35, 2.6) 2.8 (1.6, 4.0) 0.246  <6.8 negative folate balance 
 

134 (98) 8 (89) 

Whole blood folate 
(nmol/L) 

127 (85, 170) 205 (127, 262) 0.085     

Red blood cell folate 
(nmol/L) 

270 (180, 348) 380 (262, 492) 0.085 
(0.168) 

<363 folate depletion 
<227 folate deficient anemia 

105 (80) 
46 (35) 

4 (44) 
1 (11) 

Serum vitamin B12 
(pmol/L) 

465 (382, 564) 340 (289, 440) 0.016*  < 59 deficiency 
 

0 (0) 0 (0) 

Serum holo-
transcobalamin II 
(pmol/L) 

76 (62.5, 93) 64 (53, 82.5) 0.302  <44.4 borderline low 
holotranscobalamin II 

<30 vitamin B12 deficient 

5 (4) 
 

2 (1) 

0 (0) 
 

0 (0) 
Plasma 
homocysteine 
(µmol/L) 
 

36 (18, 58) 16 (10, 56) 0.388 >15 moderate 
hyperhomocysteinemia 

>25 intermediate 
hyperhomocysteinemia 

50-500 severe 
hyperhomocysteinemia 

108 (79)b 
 

92 (68) b 
 

48 (35) b 

5 (56) b 
 

3 (33) b 
 

3 (33) b 

Serum selenium 
(µmol/L) 

1.59 (1.48, 1.75) 1.55 (1.49, 1.88) 0.333  <1.27 inhibited GSHPx activity 
<0.82 reduced activity of IDIs, 

0 (0) 0 (0) 

Creatinine (µmol/L) 58.7 (52.0, 69.2) 65.8 (53.6, 81.2) 0.731  >115 indicator of renal impairment 0 (0) b 0 (0) b 

Haematocrit 0.47 (0.44, 0.50) 0.50 (0.49, 0.535) 0.012*  <0.39 anemia 6 (4) 0 (0) 

 
*Significant P-value (p<0.05) 
a Median test Median chi2 (continuity corrected) 
b n(%) Above cut-off
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1.05µmol/L indicative of marginal vitamin A status and 46% had serum retinol below 
0.70µmol/L indicative of vitamin A deficiency.  Sixty-four percent of prisoners had plasma 
vitamin C concentrations below the cut-off for deficiency (<11.4µmol/L).  
 
Nearly all prisoners tested (98%) had plasma folate concentrations below the cut-off 
(<6.8µmol/L).  Furthermore 80% of prisoners had red blood cell folate concentrations 
below 363nmol/L indicating folate depletion and 35% had red blood cell folate 
concentrations below 227nmol/L indicative of folate deficient anaemia.  Shorter-term 
prisoners (<18weeks incarceration) were found to have significantly higher red blood cell 
folate concentrations (390nmol/L, 95%CI 370, 410nmol/L) than longer-term prisoners 
(260nmol/L, 95%CI 240, 280nmol/L) (p<0.001). 
 
Elevated plasma total homocysteine concentrations (>15µmol/L) were found in 79% of 
prisoners.  Eleven percent of prisoners were classified with moderate 
hyperhomocysteinemia (plasma tHCy of 15-25µmol/L), 33% with intermediate 
hyperhomocysteinemia (25-50µmol/L), and 35% with severe hyperhomocysteinemia (50-
500µmol/L).  
 
Concentrations of serum !-tocopherol, red cell thiamin pyrophosphate, serum vitamin B12 
and serum selenium in prisoners were largely within the normal ranges (<5% deficiency).  
Serum concentrations of antioxidants (retinol, "-carotene, !-tocopherol and vitamin C) 
were significantly lower in the prisoners compared with the guards (p<0.05).  
 

Guards nutritional status 
The majority of guards (8/9) had plasma folate concentrations below 6.8nmol/L indicative 
of negative folate balance.  Four guards had red blood cell folate concentrations below the 
cut-off indicative of folate depletion (<363nmol/L). Plasma homocysteine concentrations 
were above normal in 5 guards, 3 of whom had concentrations indicative of severe 
homocysteinemia (50-500µmol/L).  Suboptimal thiamin status was found in one third of 
the guards (red cell thiamin pyrophosphate <140nmol/L).  The concentrations of serum 
antioxidants, vitamin B12 and selenium were mostly within normal ranges (≤1 person 
below cut-off for deficiency). 
 
The prison guards participating in the study had a significantly lower red cell thiamin 
pyrophosphate concentration than the prisoners (median of 167nmol/L compared with 
258nmol/L; p<0.05). 
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Table 3.9 Demographic and lifestyle factors related to ON categorization in male prisoners 
 
 Non Case 

(n=91) 
 

Mean (SD) 

Possible Case 
(n=30) 

 
Mean (SD) 

Likely/Definite Case 
(n=14) 

 
Mean (SD) 

 
P for 

trenda 

Age (years) 28 35 36 0.000* 

Months at Beon (months) 21 31 36 0.026* 

  
n (%) 

 
n (%) 

 
n (%) 

P for 
trendb 

Current smoker (any) 68 (76) 17 (57) 11 (79) 0.414 

Current drinker  (any) 15 (16) 2 (6.7) 1 (8.3) 0.198 

Eat cassava daily 1 (1.1) 0 (0) 1 (7.1) 0.229 

Marijuana consumption (any) 32 (35) 5 (17) 4 (29) 0.201 

Betel nut chewing (any) 41 (45) 18 (60) 3 (21) 0.500 

Treated with ethambutol 6 (7.0) 2 (6.7) 2 (17) 0.374 

Treated with isoniazid 6 (7.1) 2 (6.9) 2 (17) 0.382 

Difficulty with balance in past 
month 17 (19) 4 (13) 3 (23) 0.951 

Arm leg weakness in past 
month 35 (39) 14 (52) 8 (62) 0.081 

Burning/numbness/tingling 
in past month 28 (31) 6 (24) 4 (36) 0.931 

Reduced hearing in past 
month 23 (26) 5 (17) 5 (38) 0.730 

 
* Significant for trend (p<0.05) 
a P-value based on linear regression 
b P-value based on non parametric trend analysis
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4.5 Food sample analysis 

Results for the analyses of lead and cadmium contents of tuna and corned beef rations are 
presented in Table 3.8.  The average PTWI (provisional tolerable weekly intake) for the 
lead and cadmium intake of prisoners was calculated to be 1520µg for lead and 351µg for 
cadmium.  The average weekly intakes of lead and cadmium calculated from weighed 
prison rations of tuna and corned beef (assuming one serve of each meat per day) and 
sample analysis were 38.0µg and 8.0µg respectively.  Lead or cadmium toxicity from these 
sources is therefore unlikely as the intakes of these elements are considerably lower than 
tolerable levels. 
 
Table 3.8 Lead and cadmium content of tuna and corned beef food samples 

 
Tuna 

Mean (SD) 
Corned Beef 

Mean (SD) 

Lead (µg/g) 0.038 (0.003) 0.054 (0.009) 

Cadmium (µg/g) 0.015 (0.001) 0.004 (0.000) 

 

4.6 Predictors of ON 

Demographic and lifestyle determinants of ON 
The relationship between the severity of ON and demographic and lifestyle characteristics 
of prisoners is shown in Table 3.9.  ON was found to be positively related to age and time 
of incarceration in Beon.  Those classified with ‘likely’ or ‘definite’ ON were on average 8 
years older than ‘non-cases’ and had spent an average of 15 additional months in prison. 
No relationship between previous treatment with alcohol, tobacco, cassava, marijuana or 
pharmaceutical drug4 use and ON was found. The proportion of patients with one 
peripheral deficit was no different among cases and non-cases (p=0.6, Fisher’s exact test). 
 

Biochemical determinants of ON 
Univariate and multivariate analyses of the relationship between biochemical nutrient 
status and ON severity are shown in Table 3.10. In the unadjusted linear analysis, a 
significant inverse trend was found between whole blood folate concentration and ON 
severity.   In the adjusted analysis (adjusted for age and time of incarceration in Beon), a 

                                                        
4 Including ethambutol, streptomycin, chloroquine, digitalis, chlorpropamide, chloramphenicol and isoniazid 
treatment. 
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Table 3.10 Potential blood determinants of ON in male prisoners 
 
 
 Non Case 

(n=91) 
 

Mean (SD) 

Possible Case 
(n-30) 

 
Mean (SD) 

Likely/Definite 
Case 

(n=14) 
Mean (SD) 

 
P for trend 

 
P for trend 
adjusteda 

Serum retinol (µmol/L) 0.854 (0.513) 0.855 (0.508) 0.623 (0.477) 0.197 0.077 

Serum ß-carotene (µmol/L) 0.0828 (0.0406) 0.119 (0.111) 0.0949 (0.0675) 0.108 0.170 

Serum !-tocopherol 
(µmol/L) 
 

15.0 (3.94) 16.4 (3.98) 14.2 (3.48) 0.894 0.778 

Serum !-tocopherol: total 
cholesterol ratio (µmol/ 
mmol) 

3.43 (0.625) 3.60 (0.631) 3.27 (0.533) 0.854 0.873 

Serum lutein (µmol/L) 1.75 (1.08) 2.95 (1.94) 1.60 (1.55) 0.176 0.526 

Plasma vitamin C (µmol/L) 13.2 (19.7) 21.4 (21.8) 8.81 (10.4) 0.861 0.859 

Red cell thiamin 
pyrophosphate (nmol/L) 

261 (69.1) 270 (59.0) 274 (70.6) 0.433 0.181 

Plasma FAD (nmol/L) 228 (72.4) 265 (80.4) 212 (68.4) 0.655 0.849 

Plasma folate (nmol/L) 2.16 (1.12) 2.07 (1.20) 1.94 (0.878) 0.479 0.401 

Whole blood folate (nmol/L) 136 (48.3) 124 (45.2) 110 (62.1) 0.049* 0.022* 

Red blood cell folate 
(nmol/L) 

287 (105) 263 (104) 241 (130) 0.104 0.042* 

Serum vitamin B12 (pmol/L) 521 (180) 474 (236) 504 (138) 0.458 0.353 

Serum holotranscobalamin II 
(pmol/L) 

85.7 (32.9) 82.7 (40.7) 71.1 (17.8) 0.159 0.160 

Plasma homocysteine 
(µmol/L) 
 

40.7 (31.6) 42.3 (22.9) 40.3 (19.6) 0.942 0.897 

Serum selenium (µmol/L) 1.59 (0.194) 1.68 (0.180) 1.54 (0.191) 0.889 0.755 

 
aAdjusted for age and time incarceration at Beon 
* Significant for trend (P<0.05) 
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significant inverse trend was found between both whole blood folate and red blood cell 
folate and ON severity.  On average, those with ‘likely’ or ‘definite’ ON had whole blood 
folate concentrations 26nmol/L lower than those without ON and had red blood cell folate 
concentrations 46nmol/L lower.  No other trends were found between biochemical indices 
of nutritional status and ON. 



 61 

 

5 Discussion 

Nutritional ON is regarded as a rare disease, however endemic and epidemic outbreaks 
have been reported on occasion in populations facing food deprivation.  Since 2000, ON 
has been observed sporadically in prisoners incarcerated in Madang, Papua New Guinea 
by ophthalmologists working in the local hospital. Cases of nutritional ON had not been 
otherwise observed in the general population of Madang by ophthalmologists working 
over this time.   
 
The present investigation provides a clinical description of the ON found in prisoners of 
Beon Prison, Madang and analysis of dietary and toxic risk factors of the disease. ON was 
observed in 8% of male prisoners and strongly suggestive symptoms of the disease 
occurred in a further 2%. The prominent clinical features were loss of visual acuity, visual 
field loss, asymmetric colour defect, and optic nerve damage.  Widespread dietary 
inadequacy was found in the prison as determined by dietary assessment and biochemical 
analysis. Analysis of risk factors showed severity of ON in this population was positively 
associated with age and time of incarceration and inversely with whole blood folate and 
red blood cell folate concentration. Investigations into toxic risk factors for ON including 
intake/use of alcohol, tobacco, cassava, lead and certain pharmaceutical drugs5 indicated 
that these potential aetiologic agents were unlikely to account for the extent of ON found 
in the prison. 
 
Nutritional deficit has been suggested as a likely aetiological factor in several outbreaks of 
endemic and epidemic ON including that documented in Southern Nigeria (Moore, 1930), 
in prisoners of World War II (Ridley, 1945), in Cuba during a time of economic instability 
(Pan American Health Organization, 1993), and more recently in Tanzania (Plant et al., 
1997; Hodson et al., 2011) and Somalia (Dalmar et al., 2011).  The methodology and findings 
of the present study will be discussed in the context of these previously documented cases, 
with a focus on the clinical categorization of ON, the nutritional status of the population 
and exposure of the population to potential toxic agents of the disease. 
 

                                                        
5 Ethambutol, streptomycin, chloroquine, digitalis, chlorpropamide, chloramphenicol, isoniazid or antibiotics 
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5.1 Clinical findings 

Optic examination 
The diagnosis of ON is not always evident, as identifying mild or moderate cases relies 
partly on subjective assessment. Criteria for ON classification vary from study to study. It 
is important that a robust set of criteria is used in diagnosis of ON and quantitative 
measures are employed when possible, so that a correct and confident diagnosis can be 
made.  This will avoid misdiagnosis of the disease such as witnessed in Cuba where a false 
positive rate of almost 50% was noted in early investigations (Sadun et al., 1994).  
 
Our design, using fundoscopic abnormalities, visual acuity loss, asymmetric colour defect, 
afferent defects and visual field abnormality to define ON gave a rigorous assessment of 
all consenting participants. Examinations performed were similar to those used to 
categorize ON in investigation of the Cuban epidemic neuropathy (Sadun et al., 1994), 
Tanzanian (Plant et al., 1997) and Somalian epidemics.  However, criteria for ON case 
definition were slightly different.  
 
A strict definition of colour vision defect was used in the present investigation. Only 
asymmetric colour defect (excluding congenital colour vision defects) was included in the 
case definition of ON as opposed to symmetric colour defect used in the case definition for 
ON in recent studies in Tanzania for example (Plant et al., 1997).  In addition a more 
specific threshold was used to define colour defect in this investigation than in the 
Tanzanian study.  The use of automated field testing in the present investigation also 
resulted in more sensitive visual field readings than generated from manual perimetry 
testing, the method used in investigations of the Cuban neuropathy epidemic (Cuban 
Neuropathy Field Investigation Team, 1995). In addition, one of the criterion used to 
define decreased visual acuity in the present study was potential acuity testing using a 
retinometer.  This is a more sensitive measure than pinhole acuity employed in some other 
studies (Dolin et al., 1998).  Contrast sensitivity and pupillary examinations, used in other 
studies and in many clinical settings when ON is suspected, were difficult to conduct due 
to difficulty in sustaining constant lighting conditions in the prison.  This may have 
resulted in an underestimation of cases.  
 
Our categorization of ON was novel in that it defined ON according to the number and 
type of presenting signs resulting in one of four possible diagnoses (non-case, possible 
case, likely case or definite case) as opposed to a case/non-case diagnosis used in other 
investigations.  The weighting of an abnormal optic nerve structure, visual acuity loss 
and/or colour defect were greater than that of visual field losses, as they were thought to 
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be the least specific and objective diagnostic element.  These diagnostic criteria reflect the 
difficulty in diagnosing ON in many clinical settings and gave an indication of the 
severity/stage of ON. 
 
Different groups reporting on nutritional ON have found varying ratios of unilateral and 
bilateral forms of ON.  Investigations from Tanzania reported on nutritional ON that was 
invariably bilateral (Plant et al., 1997), whereas work by others from Tanzania and Somalia 
reported some unilateral cases (Bowman et al., 2010; Hodson et al., 2011).  Many of the 
cases of ON found in our investigation were unilateral. This is likely to be a result our case 
definition allowing for a thorough assessment and early detection of cases, as well as a 
case definition that included unilateral ON differing from definitions elsewhere (Plant et 
al., 1997). Although ON is classically bilateral, asymmetric deficit is not rare when the 
nutritional deficit or intoxication is recent (Orssaud et al., 2007).  Many cases reported from 
Beon prison were unlikely to have become symptomatic, and might have gone unnoticed 
in a clinical setting (where patients consult because of symptoms) or survey situation (with 
a diagnosis algorithm that includes for nerve pallor or paraesthesia). 
 

Peripheral examination 
Peripheral neuropathy accompanying ON has been described in many populations with 
epidemic or endemic ON. Peripheral neuropathy accompanied optic forms in 75% of Far-
East prisoners of war (Selwyn Clarke, 1946), in 55% of those with ON in Cuba at the time 
of the Cuban neuropathy epidemic (Serrano et al.), and is a common feature of epidemic 
ON recently documented from Somalia (Dalmar et al., 2011).   
 
Sensory deficits were documented in approximately 10% of prisoners in the current study 
however no cases of peripheral neuropathy (defined as more than one sensory deficit) 
were found.  Furthermore, regression analysis showed having a sensory deficit was 
unrelated to ON severity. The absence of peripheral neuropathies accompanying ON in 
the prison population distinguishes the clinical presentation of prisoners in Beon from that 
seen elsewhere.  This low incidence in mixed optic and peripheral forms of neuropathy 
may result from differences in the nutritional composition of the Beon prison diet, or a 
lower exposure to toxins (cassava, tobacco, alcohol), compared with that of other 
populations due to the controlled environment of the prison.  Deficiencies of vitamin B12 
and thiamin, documented in the Cuban epidemic (Gay et al., 1995) and in Far-East 
prisoners of war (Denny-Brown, 1947), have been correlated with peripheral neuropathy 
in other settings.  Finally, a lower sample size in the present investigation compared with 
other studies may have accounted for these differences. 
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5.2 Environmental risk factors 

The clinical presentation of ON in the present study was consistent with descriptions of 
toxic, nutritional and hereditary ON.  As the disease was isolated to the prison, a 
hereditary aetiology was unlikely.  Our investigation aimed to examine potential toxic and 
nutritional causes of ON within the prison. 
 

Toxic factors 
‘Pure’ toxic ON is usually observed sporadically in individuals, however, epidemic 
outbreaks have been documented, for example, the intoxication of 6530 patients in Iraq 
with organic mercury (Rustam & Hamdi, 1974) and the 10,000 cases of ON associated with 
clioquinol ingestion in Japan (Meade, 1975).  Tobacco (and alcohol) consumption have 
been suspected to play a role in ON development in combination with nutritional 
deficiency as seen in tobacco-alcohol amblyopia (Carroll, 1943; Kapur et al., 2007) and 
Cuban epidemic neuropathy (Cuban Neuropathy Field Investigation Team, 1995). 
Cassava consumption has also been implicated in the development of ON in endemic ON 
in combination with nutrient deficiency such as that seen in Southern Nigeria (Osuntokun, 
1981) and recently in India (Madhusudanan et al., 2008). 
 
The present investigation documented the exposure of the prison population to tobacco, 
alcohol, cassava, methanol (through the consumption of home-made alcohol) and certain 
pharmaceutical drugs6 associated with ON. As tobacco and alcohol were prohibited in the 
prison, use of these was heavily restricted.  Most prisoners reported no consumption of 
alcohol (90%) and although 71% of prisoners described themselves as current smokers, 
most (62%) smoked less than one cigarette a day, and heavy smoking (10+ cigarettes per 
day) was only reported in 6% of prisoners. 
 
Cassava consumption in the prison was also very low (84% reported consumption 
frequency of less than once per week), and therefore an unlikely source of toxicity. 
Statistical analysis showed that ON was not associated with intake of alcohol (home-made 
or total), tobacco, cassava, or pharmaceutical drugs associated with ON. However it 
should be noted that respondent bias due to the prohibition of alcohol and tobacco 
consumption in the prison may have resulted in dishonest responses from prisoners.  
Recall bias was also likely when prisoners were asked to recall past use of certain 
medications.  
 
                                                        
6 Ethambutol, streptomycin, chloroquine, digitalis, chlorpropamide, chloramphenicol and isoniazid. 
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Cassava, alcohol and tobacco use was low amongst prisoners and therefore toxicity from 
these was unlikely. The elimination of these foods/substances as possible toxic agents of 
the ON observed in the prison differentiates the Beon prison population from many other 
populations with outbreaks of ON such as those documented from Cuba and Nigeria 
where potential toxicity from these causes cannot be fully eliminated (Osuntokun, 1981; 
Cuban Neuropathy Field Investigation Team, 1995).  Finally the exposure of the 
neuropathy-free guard population, to cassava and alcohol was higher than that reported 
in the prisoners, suggesting that use these two substances were not major aetiological 
factors in disease development.  
 
A limitation of our investigation was that a complete toxicological assessment of prison 
foods and water was not performed as in investigations in Cuba (Román, 1994).  Although 
prison foods were locally sourced and readily available to the general population, high 
consumption of these foods in the prison or possible intoxication of foods during 
storage/cooking may have been causal factors in the development of ON.  Analysis of 
food samples indicated toxicity from cadmium or lead to be unlikely, however other 
potential toxic agents that were not tested for may have included mercury, arsenic, 
thallium, various pesticides and fungal products (Chan, 2009).  It is interesting to note that 
mercury toxicity was not found to be a risk factor in Tanzanian endemic ON that has been 
associated with folate deficiency (Hodson et al., 2011). 
 
Although all known toxic risk factors of ON were not assessed, our findings suggest that 
the ON is not a result of toxicity from alcohol, tobacco, cassava, certain pharmaceutical 
drugs, cadmium or lead. 
 

Dietary factors 
Thiamin, folate, vitamin B12, copper, and vitamin E deficiencies have all been suggested to 
contribute to the development of ON (Semba, 2007). Vitamin B12-, thiamin-, and folate- 
corrective optic neuropathies have been documented in various case studies giving further 
evidence to support the role of these vitamins in ON development. However, in outbreaks 
of ON, general malnutrition is often observed making disease aetiology difficult to 
determine (Miller et al., 2008). 
 
ON believed to be due to nutritional causes has been well documented among Far East 
prisoners of World War II camps, where general malnutrition was widespread.  Prisoners 
of war were offered rations vastly deficient in energy and most vitamins (Selwyn Clarke, 
1946).  Many prisoners displayed clinical signs of deficiency including ariboflavinosis, 
beriberi and pellagra.  Dietary records from prisoner of war populations are limited.  
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Although some records were kept by camp medical officers, these records usually 
estimated dietary intake over monthly periods and individual daily dietary records were 
not kept.  Biochemical tests for the purpose of analyzing nutrient markers were 
unavailable. Successful treatment of the condition was seen with the administration of 
yeast and marmite however this ‘multivitamin’ treatment made it difficult to identify 
which specific nutrient(s) aided visual restoration (Wilkinson, 1944; Moore, 1946; Selwyn 
Clarke, 1946). 
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Food shortage was widespread in Cuba at the time of the Cuban epidemic of ON. Semi-
quantitative food frequency questionnaires were used to assess the dietary intake of 
individuals (Cuban Neuropathy Field Investigation Team, 1995; Gay et al., 1995).  
Although this method of dietary assessment can categorize individuals into percentiles of 
nutrient intake and is useful when comparing relative nutrient intakes of different groups, 
an accurate estimate of actual nutrient intake cannot be made, making it impossible to 
assess dietary adequacy on an individual basis.  Biochemical tests in CEON patients gave a 
more accurate picture of the nutritional status of these individuals.  Although widespread 
B-vitamin deficiency was documented both in patients and controls free from neuropathy 
(Macias-Matos et al., 1996; Eells et al., 2000b; Arnaud et al., 2001), no case-control studies 
were performed that compared the B-vitamins status of patients to that of neuropathy-free 
individuals.  However, in one case-control study it was found that patients with CEON 
had significantly lower vitamin A and carotenoid concentrations when compared to 
healthy controls (Cuban Neuropathy Field Investigation Team, 1995).  
 
Treatment of Cuban neuropathy patients with B-vitamin complex and improved diet 
resulted in visual improvement in most cases leading investigators to believe a B-vitamin 
deficiency was a likely risk factor in disease development.  However, because general B-
vitamin deficiency was present in Cubans and multivitamin supplementation was 
instigated as treatment, investigators were unable to pinpoint the role of specific nutrient 
deficiencies in disease development.  
 
Dietary assessment has not yet been carried out in studies of endemic ON in Nigeria 
(Moore, 1937), Tanzania (Plant et al., 1997; Hodson et al., 2011) and Somalia (Dalmar et al., 
2011); however, some biochemical analyses have been conducted. 
 
Biochemical investigations of Nigerian TAN have indicated that those affected with TAN 
had normal serum concentrations of vitamin B12, folate, niacin, pyridoxine and pantothenic 
acid (Osuntokun, 1968; Osuntokun et al., 1985).  However, thiamin deficiency, as 
determined by abnormal pyruvate metabolism has been documented in two 
investigations (Haddock et al., 1962; Monekosso et al., 1964).  Significantly poorer thiamin 
status was shown in patients when compared with healthy controls.   Treatment with 
thiamin and improved diet has shown to reverse the neuropathy suggesting a nutritional 
role in TAN and a possible role of thiamin (Monekosso et al., 1964). Abnormal riboflavin 
excretion has also been documented in Nigerian TAN patients although supplementation 
showed no benefit (Osuntokun et al., 1974). 
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A recent investigation of endemic ON in Tanzania has shown, like the present study, that 
ON risk was reduced with higher folate status and unrelated to vitamin B12 (Dalmar et al., 
2011).  Treatment with B-vitamins has been shown to alleviate symptoms in this group 
confirming a nutritional involvement in this neuropathy. 
 
Strengths of the present work were robust measures of dietary intake and a 
comprehensive analysis of dietary metabolites.  These analyses not only allowed for the 
determination of biochemical nutrient status correlates of ON but also helped in the 
elimination of certain nutrient deficiencies that have shown to be aetiological factors in ON 
development in other outbreaks of the disease.  The use of 24-hour recall dietary 
methodology proved to be largely accurate when compared to weighed dietary analyses. 
Unlike free-living populations, the restricted diet of the prisoners allowed for a rigorous 
assessment of dietary intake that had little between-subject, within-subject or seasonal 
variation. Although beyond our control, changes to the prisoner diet were said to have 
occurred in previous years (exact dates were not recalled).  This was unaccounted for in 
our dietary assessment and may have contributed to the development of ON. 
 
The prisoners diet, predominantly consisting of water-crackers, polished fortified rice, 
processed tuna and corned beef did not appear to be lacking in energy as documented in 
prisoner of war neuropathy (Spillane, 1945) and in the Cuban neuropathy epidemic 
(Tucker & Hedges, 1993). Although weight loss in the previous 6 months was reported by 
42% of prisoners, the majority of prisoners fell within a ’normal’ BMI category (81%) 
(World Health Organization, 2000).  The average BMI of prisoners was 22.5 kg/m2 - this is 
comparable to the national mean BMI for men above 18 years (23.5 kg/m2 ±3.1) 
(Department of Health of Papua New Guinea et al., Unpublished data).  The median daily 
energy intake of prisoners calculated from 24-hour recall data (7430kJ) was however below 
the estimated energy requirement (8700kJ) (Food and Agriculture Organization et al., 
2001). Differences between the mean mass of weighed rations (from weighed dietary 
analysis) and the mean estimated mass of reported rations (from the 24-hour recall) 
suggest there was some underreporting by prisoners in their dietary recall of corned beef 
and tuna. Under-reporting was also apparent in the guard dietary recalls shown by 
estimated energy intakes being 76% of the estimated energy requirements, and no 
evidence of weight-loss.  Therefore, reported daily nutrient intakes for both prisoners and 
guards are likely to be slightly higher than reported values.   
 
Although sufficient in energy content, the prisoners diet was found to be largely deficient 
in dietary fibre, vitamin A, riboflavin, folate, vitamin C, vitamin E, and calcium when 
compared to IOM dietary recommendations. The nutrient intakes of thiamin, niacin, 
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pyridoxine and vitamin B12 intake were generally sufficient aided by thiamin and niacin 
fortification of the rice. Biochemical analysis confirmed poor intake of folate7, vitamin A 
(serum retinol), and vitamin C (plasma vitamin C) (>50% below cut-off for deficiency) and 
adequate intake of vitamin B12

8, and thiamin (<5% below cut-off for deficiency).  Despite 
poor reported intakes of vitamin E and riboflavin in prisoners, the biochemical analysis of 
vitamin E status (!-tocopherol concentration) and riboflavin status (FAD concentration) 
showed levels to be mostly within normal ranges (<20% below cut-off).  
 
B-vitamin deficiency has been suggested as a likely aetiological candidate in many 
outbreaks of nutritional ON. Evidence of dietary depletion of B-vitamins and effective 
treatment of ON with B-vitamin supplementation has been shown in prisoners of war and 
in Cuban, Tanzanian and Nigerian accounts of ON (Haddock et al., 1962; Monekosso et al., 
1964; Román, 1994; Gay et al., 1995; Hodson et al., 2011).  There is good biological 
plausibility for the involvement of B-vitamins in the aetiology of ON, as these vitamins all 
play an important role in mitochondrial respiration.  Deficiencies of vitamin B12, folate, and 
thiamin act to impair mitochondrial respiration resulting in reduced energy production 
and increased oxidative stress.  In demonstrating thiamin, niacin, pyridoxine and vitamin 
B12 intakes to be sufficient in the diet of the prison population and serum concentrations of 
vitamin B12, riboflavin and thiamin to be within normal ranges, deficiencies of these 
vitamins can be eliminated as potential aetiological agents in the Beon prison population.  
Furthermore the thiamin and niacin intakes of the neuropathy-free guards were lower 
than that of the prisoners, suggesting that poor intakes of these vitamins were not risk 
factors in the ON apparent in PNG prisoners. 
 
The folate intake of the PNG prisoners was shown to be inadequate through dietary and 
biochemical analysis. Furthermore, serum concentrations of homocysteine, a metabolite 
indicative of poor folate or vitamin B12 status, were abnormally high in prisoners with 79% 
of prisoners diagnosed with hyperhomocysteinemia (tHCy>15µmol/L).  Regression 
analysis showed that there were significant inverse trends between ON severity and both 
whole blood and red blood cell folate concentrations when adjusted for confounding from 
age and time of incarnation at Beon prison.  This suggests that folate deficiency is a likely 
aetiological candidate for the ON observed in Beon Prison.  
 
Other nutritional deficiencies may have played a role in the development of ON found in 
PNG prisoners.  Deficiencies of both vitamin A and vitamin C were profound amongst 
prisoners.  The lack of these antioxidant vitamins may result in increased oxidative stress 
                                                        
7 Serum folate, red blood cell folate, whole blood folate 
8 Serum vitamin B12, serum holo-transcobalamin II 



 70 

leading to mitochondrial damage and ultimately optic nerve cell death (Lessell, 1998). 
However, no trend was seen between ON severity and blood concentrations of these 
vitamins.  Although increased oxidative stress has been suggested to cause ON, no strong 
or consistent associations between deficiency of these vitamins and ON has been reported 
in the literature.   
 
Although the recruitment rate of the study was good (58.3%), not all prisoners agreed to 
participate in the investigation limiting the power of analysis. The number of 
likely/definite ON cases in the prison population (n=14) was low when compared to that 
seen in other investigations of endemic/epidemic ON.  A larger recruitment rate would 
have likely increased the number of ON cases found and potentially highlighted 
additional nutrient correlates of ON or rendered different results. Dietary evidence from 
consenting prisoners does suggest however a definite nutritional involvement in the ON 
documented in prisoners of Beon prison, Madang.   Folate deficiency is a likely candidate 
for this neuropathy.  Adequate serum concentrations of vitamin B12, thiamin and riboflavin 
in patients also suggests these are unlikely aetiological candidates.  
 

Folate deficiency as an aetiology of ON 
Analysis of biochemical measures of folate status indicated that folate deficiency was 
widespread in the prison population. Eighty percent of prisoners had red blood cell folate 
concentrations below 363nmol/L, a concentration indicative of folate depletion (Herbert, 
1987c; Herbert, 1987b). Folate concentrations were found to be particularly low in 
prisoners that had been incarcerated for more than 18 weeks.  It has been shown that folate 
stores deplete over a period of 18 weeks (Quinlivan, 2008).  This may potentially explain 
the positive association between increased time of incarceration and ON.  
 
Previous studies have documented folate-corrective ON suggesting folate deficiency to 
have a role in ON development (Adams et al., 1967; Chisholm, 1978; Golnik & Schaible, 
1994; Kerrison et al., 2000; De Silva et al., 2008).  Folate-deficiency ON is typically reported 
in abusers of alcohol and tobacco.  However, visual improvement with folate 
supplementation has been noted despite continued alcohol consumption and tobacco use 
(Knox et al., 1982; Golnik & Schaible, 1994).  Furthermore, a recent investigation of endemic 
ON in Tanzania has shown a significant inverse association between ON and serum folate 
(Hodson et al., 2011).  Serum folate values for individuals with ON in this investigation, 
using an Abbott IMx assay, were 5.14 nmol/L (95%CI 4.50, 5.87).   These values are also 
low when compared to deficiency cut-off values. The findings of low folate concentrations 
are consistent between studies despite different folate assays being used.  The two 



 71F!

!
!
!
!
!
!
!
!
Figure 5.1  Recommended dietary modifications for prisoners at Beon Jail, Madang 
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1. Green leafy vegetables such as aibika or broccoli are good sources of folate. These 
or other leafy green vegetables must be cooked by steaming or frying in a pan, but 
not boiled, as this reduces their nutritional value. Each inmate should receive about 2 
cups/day of these cooked vegetables. Avocado, bananas and papaya contain some 
folate and can be eaten raw. These fruits and vegetables are available at local markets 
in the Madang area or could be grown on the prison’s premises. 
 
2. The multivitamin supplements are unlikely to contain enough calcium to meet 
recommended intakes. Milk powder is a good source of calcium and providing each 
inmate with 3 cups of milk per day will substantially improve calcium intakes. Milk 
powder could also be added to tea. Milk powder is available in local Madang 
supermarkets. 
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methods of folate analysis (microbiological and Abbott IMx) have been shown to be in 
good agreement when comparing serum folate at low concentration (Gunter et al., 1996). 
 
Folate deficiency, amongst other nutrient deficiencies, is a common feature of endemic and 
epidemic outbreaks of ON. Folate deficiency was widespread in the general Cuban 
population at the time of the Cuban neuropathy epidemic (Arnaud et al., 2001) and was a 
common feature in patients (Eells et al., 2000a).  In a study of healthy men living in Havana 
two years after the epidemic it was found that on average, 80% of the population was 
folate deficient (serum folate<7nmol/L) (Arnaud et al., 2001). Folate was likewise deficient 
in the diets of Far-East prisoners of war.  Given the presence of general malnutrition 
within these populations and an absence of case-control investigations, it was hard to 
establish an aetiological role for folate deficiency. 
 
There are several mechanisms by which prolonged folate deficiency can lead to 
development of ON. Firstly, folate is critical in the detoxification of formate. Formic acid 
disrupts mitochondrial oxidative phosphorylation and energy production by inhibiting 
cytochrome c oxidase activity (Nicholls, 1975; Nicholls, 1976; Sharpe et al., 1982; Sadun, 
1998).  This results in cell death by increased production of ROS secondary to the blockade 
of the electron transport chain (Reed & Savage, 1995). Secondly, folate is essential in the 
production of methionine, which is responsible for many methylation reactions in the 
body including that of myelin basic protein, a component of the myelin sheath covering 
nerve cells.  Depletion of folate therefore may result in ON via this pathway.  
 
A trial period of folate supplementation, may have given insight as to whether folate 
deficiency is a likely aetiological factor in ON found in prisoners of Beon.  However, 
according to the original ethical protocol, post-treatment analysis of prisoners was not 
permitted.  
 

5.3 Conclusion 

We have described ON characterized by loss of visual acuity, visual field loss, asymmetric 
colour defect, and optic nerve damage in prisoners of Beon Prison in Madang.  The dietary 
intake of the prisoners was found to be lacking, with insufficient intake of dietary fibre, 
vitamin A, riboflavin, folate, vitamin C, vitamin E, and calcium.  These low intakes were 
reflected in biochemical indices, which were frequently below normally accepted 
concentrations. 
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Folate deficiency marked by whole blood and red blood cell folate concentrations was 
significantly correlated to the severity of ON. Our investigations therefore suggest that 
folate deficiency may be the most likely aetiologic factor in ON development within this 
population. However, the involvement of other B-vitamin or dietary deficiencies or toxic 
agents may be causal or contributing to the onset and development of ON.  Substantial 
evidence was given to rule out tobacco, alcohol and cassava toxicity and certain 
pharmaceutical drugs as possible aetiological causes.   
 
The condition described in Beon Prison varies slightly from other nutritionally related ON 
epidemics/endemics such as that documented in Cuba, FEPOW, Nigeria, Tanzania and 
Somalia.  ON within these populations has shown higher rates of concomitant peripheral 
neuropathies.  Slightly different presentations of ON may be a result of different 
combinations of nutrient deficiencies and toxicities among the affected populations.   
 
In response to our findings of widespread nutritional deficiency in prisoners, vitamin A 
capsules covering urgent and short-term needs of the prisoners (3-6 month) have been 
given to all prisoners and further multivitamin supplementation (Centrum "Select 50" 
Complete A to Zinc (including 300mg folic acid)) is presently being sourced. Further, a 
report has been issued to the prison authorities stipulating study findings, instructions for 
supplementation and recommendations for dietary changes (Figure 5.1).  Prisoners in 
need of spectacles and other care were referred to prison authorities at the time of data 
collection. 
 
Finally, it is unknown if the small study sample available was representative of PNG 
prisoners generally. Therefore, care should be taken when interpreting the results in 
a broader context. However, dietary supplies for all PNG prisons are managed at the 
national level, and, although Beon had been recently upgraded, similar living 
conditions and restrictions are reportedly found across all facilities. Therefore, as in 
Beon, prisoners elsewhere likely also have an unacceptably high risk of ON and 
acquiring permanent vision impairment during incarceration, caused, at least in part, 
if not wholly, by folate deficiency. 
 

5.4 Public health recommendations 

ON results in a significant loss of quality of life.  The disease has serious social and 
economic implications for the impaired individual, his or her family, and immediate 
community.  A recent survey of ON prevalence in Somalia demonstrated that endemic 
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rates of ON are likely in populations suffering from food shortages and may be largely 
unidentified in such groups (Dalmar et al., 2011).  There needs to be increased awareness of 
ON in at-risk countries amongst public health agencies and other healthcare organizations. 
 
Early diagnosis of ON and prompt supplementation with B-complex vitamins has shown 
to alleviate ON in many populations.  This treatment is inexpensive and would greatly 
enhance the lives of those suffering from ON.  The clinical characterization of ON is 
difficult, potentially leading to high rates of misdiagnosis especially in developing 
countries with poor health care. Education of community eye care workers within at-risk 
countries would result in better detection and treatment of this condition in such 
populations.  The establishment of national guidelines for the treatment and prevention of 
ON and surveillance systems on patterns of the disease would greatly enhance the 
detection and treatment of ON. 
 

5.5  Future research recommendations 

The mechanism of optic nerve damage seen in nutritional ON is not yet understood.  A 
more thorough understanding of the aetiology of this disease would lead to improved 
prevention and treatment.  It is recommended that, given the opportunity, thorough 
toxicological, nutritional and dietary case-controlled investigations be performed in 
populations with endemic ON such as recently documented in Somalia and Tanzania. 
Specific nutrient treatment trial periods in patients with nutritional deficiency may help 
enhance our understanding as to the mechanism of deficiency. 
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controles de la neuropatía óptica epidémica de Cuba. Abril, 1993. Boletín de la Oficina 
Sanitaria Panamericana 18, 115-126. 

McMartin K, Ambre J & Tephly TR (1980) Methanol poisoning in human subjects. The American 
Journal of Medicine 68, 414-418. 

McMartin K, Martin-Amat G & Makar A (1977) Methanol poisoning. Role of formate metabolism in 
the monkey. Journal of Pharmacology and Experimental Therapeutics 201, 564-572. 



 83 

Meade T (1975) Subacute myelo-optic neuropathy and clioquinol: an epidemiological case-history 
for diagnosis. British Journal of Preventative and Social Medicine 29, 157-169. 

Metz J (1992) Cobalamin deficiency and the pathogenesis of nervous system disease. Annual Review 
of Nutrition 12, 59-79. 

Milea D, Cassoux N & LeHoang P (2000) Blindness in a strict vegan. The New England Journal of 
Medicine 342, 897-898. 

Miller N, Newman N, Biousse V & Kerrison J (2008) Toxic and deficiency optic neuropathies. In 
Walsh and Hoyt's Clinical Neuroophthalmology: the essentials, pp. 202-210 [FB Walsh, W Hoyt 
and NR Miller, editors]. Philadelphia: Wolters Kluwer Health/Lippincott Williams and 
Wilkins. 

Mittendorfer ES, W (1999) Nutrition country profile: Papua New Guinea. Rome: Food and 
Agriculture Organization of the United Nations. 

Mizoule J (1966) Etude de I’Acfion de l'Hydroxocobalamine à I’Egard de I’lntoxicaition 
Cyanhydrique thésis. Faculté de Pharmacie de I’Université de Paris, 1-178. 

Mojon D, Kaufmann P, Odel J, Lincoff N, Marquez-Fernandez M, Santiesteban R, Fuentes-Pelier D 
& Hirano M (1997) Clinical course of a cohort in the Cuban epidemic optic and peripheral 
neuropathy. Neurology 48, 19-22. 

Monekosso G & Annan W (1964) Clinical epidemiological observations on an ataxic syndrome in 
Western Nigeria. Tropical and geographical medicine 16, 316-323. 

Monekosso G, Annan W & Ashby P (1964) Therapeutic effect of vitamin B complex on an ataxic 
syndrome in Western Nigeria. Transactions of the Royal Society of Tropical Medicine and 
Hygiene 58, 432-436. 

Monekosso G & Wilson J (1966) Plasma thiocyanate and vitamin B12 in Nigerian patients with 
degenerative neurological disease. The Lancet 1, 1062-1064. 

Moore D (1930) Partial loss of central acuity of vision for reading and distance in school children and 
its possible association with food deficiency. West African Medical Journal 3, 46-51. 

Moore D (1932) Retrobulbar neuritis. West African Medical Journal 5, 28-30. 

Moore D (1937) Nutritional retrobulbar neuritis followed by partial optic atrophy. The Lancet 229, 
1225-1227. 

Moore D (1946) Nutritional retrobulbar neuritis- Nutritional optic neuropathy. The Lancet 251, 246-
248. 

Moore DGFA, 28, 295. (1934) Retrobulbar neuritis and partial optic atrophy as sequelae of 
avitaminosis. Annals of Tropical Medicine and Parasitology 28, 295-303. 

Moschos M & Droutsas D (1998) A man who lost weight and his sight. The Lancet 351, 1174. 

Motin J, Bouletreau P & Rouzioux J (1970) Intoxication cyanhydrique grave traite avec succés par 
hydroxycobalamine. Journal de Medecine de Strasbourg 1, 717-722. 

Muller DPR (1994) Vitamin E and other antioxidants in neurological function and disease. In Natural 
Antioxidants in Human Health and Disease, pp. 535-566 [B Frei, editor]. San Diego: Academic 
Press. 

Naismith R, Shepherd J, Weihl C, Tutlam N & Cross A (2009) Acute and bilateral blindness due to 
optic neuropathy associated with copper deficiency. Archives of Neurology 66, 1025-1027. 

Newman N (2009) Optic neuropathy update. Journal of the Neurological Sciences S1, S35. 



 84 

Newman NJ, Torroni A, Brown MD, Lott MT, Fernandez MM & Wallace DC (1994) Epidemic 
neuropathy in Cuba not associated with mitochondrial DNA mutations found in Leber’s 
hereditary optic neuropathy patients. American Journal of Ophthalmology 118, 158-168. 

Nicholls P (1975) Formate as an inhibitor of cytochrome oxidase. Biochemical and biophysical research 
communications 67, 610-616. 

Nicholls P (1976) The effect of formate on cytochrome aa3 and on electron transport in the intact 
respiratory chain. Biochimica et Biophysica Acta 430, 13-29. 

Nordmann R (1994) Alcohol and antioxidant systems. Alcohol and Alcoholism 29, 513-522. 

O'Broin S & Kelleher B (1992) Microbiological assay on microtitre plates of folate in serum and red 
cells. Journal of Clinical Pathology 45, 344-347. 

Olivarius B & Jensen L (1961) Retrobulbar neuritis and optic atrophy in pernicious anemia. Acta 
Ophthalmologica 39, 190-197. 

Olney J, Fuller T & de Gubareff T (1981) Kainate-like neurotoxicity of folates. Nature 292, 165-167. 

Oluwole O & Onabolu A (2004) High mortality of subjects with endemic ataxic polyneuropathy in 
Nigeria. Acta Neurologica Scandinavica 110, 94-99. 

Oluwole O, Onabolu A, Cotgreave I, Rosling H, Persson A & Link H (2002) Low prevalence of ataxic 
polyneuropathy in a community with high exposure to cyanide from cassava foods. Journal 
of Neurology 249, 1034-1040. 

Oluwole O, Onabolu A, Cotgreave I, Rosling H, Persson A & Link H (2003) Incidence of endemic 
ataxic polyneuropathy and its relation to exposure to cyanide in a Nigerian community. 
Journal of Neurology, Neurosurgery & Psychiatry 74, 1417-1422. 

Oluwole O, Onabolu A, Link H & Rosling H (2000) Persistence of tropical ataxic neuropathy in a 
Nigerian community. Journal of Neurology, Neurosurgery & Psychiatry 69, 96-101. 

Ordúñez-García P, Nieto F, Espinosa-Brito AD & Caballero B (1996) Cuban epidemic neuropathy, 
1991 to 1994: history repeats itself a century after the" amblyopia of the blockade". American 
Journal of Public Health 86, 738-743. 

Orssaud C, Roche O & Dufier J (2007) Nutritional optic neuropathies. Journal of the Neurological 
Sciences 262, 158-164. 

Osuntokun B (1968) An ataxic neuropathy in Nigeria: a clinical, biochemical and 
electrophysiological study. Brain 91, 215-248. 

Osuntokun B (1971) Epidemiology of tropical nutritional neuropathy in Nigerians. Transactions of the 
Royal Society of Tropical Medicine and Hygiene 65, 454-479. 

Osuntokun B (1981) Cassava diet, chronic cyanide intoxication and neuropathy in the Nigerian 
Africans. World Review of Nutrition and Dietetics 36, 141-173. 

Osuntokun B, Aladetoyinbo A & Bademosi O (1985) Vitamin B nutrition in the Nigerian tropical 
ataxic neuropathy. Journal of Neurology, Neurosurgery & Psychiatry 48, 154-156. 

Osuntokun B, Langman M, Wilson J, Adeuja A & Aladetoyinbo M (1974) Controlled trial of 
combinations of hydroxocobalamincystine and riboflavine-cystine, in Nigerian ataxic 
neuropathy. Journal of Neurology, Neurosurgery & Psychiatry 37, 102-104. 

Osuntokun B, Monekosso G & Wilson J (1969) Relationship of a degenerative tropical neuropathy to 
diet report of a field survey. British Medical Journal 1, 547-550. 



 85 

Palese M & Tephly T (1975) Metabolism of formate in the rat. Journal of Toxicology and Enviromental 
Health 1, 13-24. 

Pallister RA (1940) Ataxic paraplegia occurring amongst Chinese in Malaya. Transactions of the Royal 
Society of Tropical Medicine and Hygiene 34, 203-211. 

Pan American Health Organization (1993) Epidemic Neuropathy in Cuba. In Epidemiological Bulletin, 
pp. 1-4. 

Phillips E, Arnett D, Himes J, McGovern P, Blackburn H & Luepker R (2000) Differences and trends 
in antioxidant dietary intake in smokers and non-smokers 1980-1992: The Minnesota Heart 
Survey. Annals of Epidemiology 10, 417-423. 

Pineles S, Wilson C, Balcer L, Slater R & Galetta S (2010a) Combined optic neuropathy and 
myelopathy secondary to copper deficiency. Survey of Ophthalmology 55, 386-392. 

Pineles SL, Avery RA & Liu GT (2010b) Vitamin B12 optic neuropathy in autism. Pediatrics 126, e967-
e970. 

Plant G, Mtanda A, Arden G & Johnson G (1997) An epidemic of optic neuropathy in Tanzania: 
characterization of the visual disorder and associated peripheral neuropathy. Journal of the 
Neurological Sciences 145, 127-140. 

Potts A (1973) Tobacco amblyopia. Survey of Ophthalmology 17, 313-339. 

Pronczuk de Garbino J & Bismuth C (1981) Propositions therapeutiques actuelles en cas 
d’intoxication par les cyanures. Toxicological European Research 3, 69-76. 

Quinlivan E (2008) Calculation of steady state conditions and elimination kinetics of red blood cell 
folate in women of childbearing age after daily supplementation with various forms and 
doses of folate. The American Journal of Clinical Nutrition 87, 1537. 

Raskin N & Fishman R (1965) Pyridoxine-deficiency neuropathy due to hydralazine. The New 
England Journal of Medicine 273, 1182-1185. 

Reed DJ & Savage MK (1995) Influence of metabolic inhibitors on mitochondrial permeability 
transition and glutathione status. Biochimica et Biophysica Acta 1271, 43-50. 

Reed J (1947) Ocular symptoms in prisoners of war in Sumatra. Transactions of the Royal Society of 
Tropical Medicine and Hygiene 40, 411-420. 

Reynolds E (2006) Vitamin B12, folic acid, and the nervous system. The Lancet Neurology 5, 949-960. 

Richter C & Kass G (1991) Oxidative stress in mitochondria: its relationship to cellular Ca2+ 
homeostasis, cell death, proliferation, and differentiation. Chemico-Biological Interactions 77, 
1-23. 

Ridley H (1945) Ocular manifestations of malnutrition in released prisoners of war from Thailand. 
British Medical Journal 29, 613-618. 

Rizzo III J (1995) Adenosine triphosphate deficiency: a genre of optic neuropathy. Neurology 45, 11-
16. 

Rizzo III J & Lessell S (1993) Tobacco Amblyopia. American Journal of Ophthalmology 116, 84-87. 

Robson D, Welch E, Beeching N & Gill G (2009) Consequences of captivity: health effects of Far East 
imprisonment in World War II. Quarterly Journal of Medicine 102, 87-96. 

Rodríguez-Ojea A, Jiménez S, Berdasco A & Esquivel M (2002) The nutrition transition in Cuba in 
the nineties: an overview. Public Health Nutrition 5, 129-133. 



 86 

Roland C & Shannon H (1991) Patterns of disease among World War II prisoners of the Japanese: 
hunger, weight loss, and deficiency diseases in two camps. Journal of the History of Medicine 
and Allied Sciences 46, 65-85. 

Román GC (1994) An epidemic in Cuba of optic neuropathy, sensorineural deafness, peripheral 
sensory neuropathy and dorsolateral myeloneuropathy. Journal of the Neurological Sciences 
127, 11-28. 

Román GC (1995) On politics and health: an epidemic of neurologic disease in Cuba. Annals of 
Internal Medicine 122, 530-533. 

Román GC, Spencer PS & Schoenberg BS (1985) Tropical myeloneuropathies: the hidden endemias. 
Neurology 35, 1158. 

Rosenberg LE (1976) Vitamin-responsive inherited metabolic disorders. Advances in Human Genetics 
6, 1-74. 

Roth GA, Fihn SD, Mokdad AH, Aekplakorn W, Hasegawa T & Lim SS (2011) High total serum 
cholesterol, medication coverage and therapeutic control: an analysis of national health 
examination survey data from eight countries. Bulletin of the World Health Organization 89, 
92-101. 

Rowland H (1963) Neuropathy in Sierra Leone. Journal of Tropical Medicine and Hygiene 66, 181-187. 

Ruck A, Kramer S, Metz J & Brennan M (1980) Methyltetrahydrofolate is a potent and selective 
agonist for kainic acid receptors. Nature 287, 852-853. 

Rustam H & Hamdi T (1974) Methyl mercury poisoning in Iraq: a neurological study. Brain 97, 499-
510. 

Sadun A (1998) Acquired mitochondrial impairment as a cause of optic nerve disease. Transactions of 
the American Ophthalmological Society 96, 881-923. 

Sadun A (2002a) Metabolic optic neuropathies. Seminars in Ophthalmology 17, 29-32. 

Sadun A (2002b) Mitochondrial optic neuropathies. Jounal of Neurology, Neurosurgery, & Psychiatry 
72, 423-425. 

Sadun A, Martone J, Muci-Mendoza R, Reyes L, DuBois L, Silva J, Roman G & Caballero B (1994) 
Epidemic optic neuropathy in Cuba: eye findings. Archives of Ophthalmology 112, 691-699. 

Sadun A, Win P, Ross-Cisneross F, Walker F & Carelli V (2000) Leber's hereditary optic neuropathy 
differentially affects smaller axons in the optic nerve. Transactions of the American 
Ophthalmological Society 98, 223-235. 

Saito K, Yokoyama T, Okaniwa M & Kamoshita S (1982) Neuropathology of chronic vitamin E 
deficiency in fatal familial intrahepatic cholestasis. Acta Neuropathologica 58, 187-192. 

Salway J (2008) Medical Biochemistry at a Glance, 2nd ed. Massachusetts, USA. 

Samples J & Young B (1981) Tobacco-alcohol amblyopia. Journal of Neuro-Ophthalmology 1, 213-218. 

Sauberlich H (1999) Laboratory Tests for the Assessment of Nutritional Status. Cleveland, Ohio: CRC 
Press. 

Saweri W (2001) The rocky road from roots to rice: a review of the changing food and nutrition 
situation in Papua New Guinea. Papua New Guinea Medical Journal 44, 151-163. 

Schaumburg H & Herskovitz S (2008) Copper deficiency myeloneuropathy: a clue to clioquinol-
induced subacute myelo-optic neuropathy? Neurology 71, 622-623. 



 87 

Scott H (1918) An investigation into an acute outbreak of central neuritis. Annals of Tropical Medicine 
and Parasitology 12, 109. 

Scott J (1992) Folate-vitamin B12 interrelationships in the central nervous system. Proceedings of the 
Nutrition Society 51, 219-224. 

Scott J (1999) Folate and vitamin B12. Proceedings of the Nutrition Society 58, 441-448. 

Selwyn Clarke P (1946) Nutritional experiences in prisoner of war and internment camps in the Far 
East. Proceedings of the Nutrition Society 5, 85-88. 

Semba RD (2007) Nutritional Amblyopia and B Complex Vitamin Deficiencies. In Handbook of 
Nutrition and Ophthalmology, pp. 281-354. Totowa, NJ: Humana Press Inc,. 

Senanayake N & Román GC (1991) Toxic neuropathies in the tropics. Journal of Tropical Geography 
and Neurology 1, 3-15. 

Serrano C, Rodriguez M, Elliot B, Perea C, Diaz J & Ramirez A (1993) Informe del primer ano de 
neuropatía epidémica en la Provincia de Pinar del Río. . In Hospital Clínico Quirfirgico "Abel 
Santamarfa", pp. 1-68. Pinar del Rio. 

Sharpe J, Hostovsky M, Bilbao J & Rewcastle NB (1982) Methanol optic neuropathy. Neurology 32, 
1093-1100. 

Smith DA & Woodruff MFA (1951) Deficiency diseases in Japanese prison camps. In Medical 
Research Council Special Report Series No. 274, pp. 7. H.M. Stationary Office, London. 

Sokol R (1988) Vitamin E Deficiency and Neurologic Disease. Annual Review of Nutrition 8, 351-373. 

Sokoro ARAH, Zhang Z, Eichhorst JC, Zello GA, House JD, Alcorn J & Lehotay DC (2008) Formate 
pharmacokinetics during formate administration in folate-deficient young swine. 
Metabolism 57, 920-926. 

Spillane J (1945) Partial starvation in prisoners-of-war. The Lancet 246, 317-318. 

Spillane J (1969) Tropical neurology. Proceedings of the Royal Society of Medicine 62, 403-410. 

Spinazzi M, Angelini C & Patrini C (2010) Subacute sensory ataxia and optic neuropathy with 
thiamine deficiency. Nature Reviews Neurology 6, 288-293. 

Spinazzi M, Lazzari F, Tavolato B, Angelini C, Manara R & Armani M (2007) Myelo-optico-
neuropathy in copper deficiency occurring after partial gastrectomy. Journal of Neurology 
254, 1012-1017. 

Stambolian D & Behrens M (1977) Optic neuropathy associated with vitamin B12 defiency. American 
Journal of Ophthalmology 83, 465-468. 

Stannus H (1912) Pellagra in Nyasaland. Transactions of the Royal Society of Tropical Medicine and 
Hygiene 5, 112. 

Stannus H (1936) Pellagra and pellagra-like conditions in warm climates. Tropical Diseases Bulletin 33, 
815, 885. 

Stannus H (1944) Some problems in riboflavin and allied deficiencies. British Medical Journal 2, 140-
144. 

Stoltzfus R & Dreyfuss M (1998) Guidelines for the Use of Iron Supplements to Prevent and Treat Iron 
Deficiency Anemia: International Nutritional Anemia Consultative Group (INACG), World Health 
Organization (WHO), United Nations Children's Fund (UNICEF). Washington, DC: 
International Life Sciences Institute Press. 



 88 

Sturtevant FM (1980) Zinc deficiency, acrodermatitis enteropathica, optic atrophy, subacute myelo-
optic neuropathy, and 5,7-dihalo-8-quinolinols. Pediatrics 65, 610-613. 

Suzuki S, Kumanomido T, Nagata E, Inoue J & Niikawa O (1997) Optic neuropathy from thiamine 
deficiency. Internal Medicine 36, 532. 

Tateishi J (2000) Subacute myelo-optico-neuropathy: clioquinol intoxication in humans and animals. 
Neuropathology 20, S20-S24. 

Tefferi A & Pruthi RK (1994) The biochemical basis of cobalamin deficiency. Mayo Clinic Proceedings 
69, 181-186. 

The World Bank (2011) World development indicators 2011. Washington, D.C. 

Thomas P, Plant G, Baxter P, Bates C & Santiago Luis R (1995) An epidemic of optic neuropathy and 
painful sensory neuropathy in Cuba: clinical aspects. Journal of Neurology 242, 629-638. 

Thompson R & Felton J (1982) Nutritional amblyopia associated with jejunoileal bypass surgery. 
Annals of Ophthalmology 14, 848-850. 

Thompson R, Margetts B & Jackson A Smoking: effects on diet and nutritional status. In Encyclopedia 
of Human Nutrition, pp. 1759-1764 [M Sadler, J Strain and B Caballero, editors]. San Diego: 
Academic. 

Thomspson C (2004) Assessment of the requirements for selenium and adequacy of selenium status: 
a review. European Journal of Clinical Nutrition 58, 391-402. 

Thurnham D, Smith E & Flora P (1988) Concurrent liquid-chromatographic assay of retinol, alpha-
tocopherol, beta-carotene, alpha-carotene, lycopene and beta-cryptoxanthinin plasma with 
tocopherol acetate as internal standard. Clinical Chemistry 34, 377-381. 

Tomsak R & Levine M (2004) Handbook of neuro-ophthalmology and orbital disease: diagnosis and 
treatment. Philadelphia: Butterworth-Heinemann. 

Traquair H (1930) Toxic amblyopia including retrobulbar neuritis. Transactions of the Ophthalmological 
Societies of the United Kingdom 50, 351-385. 

Troncoso J, Mancall E & Schatz N (1979) Visual evoked responses in pernicious anemia. Archives of 
Neurology 36, 168-169. 

Tsao K, Aitken PA & Johns DR (1999) Smoking as an aetiological factor in a pedigree with Leber’s 
hereditary optic neuropathy. British Journal of Ophthalmology 83, 577-581. 

Tucker K & Hedges TR (1993) Food shortages and an epidemic of optic and peripheral neuropathy 
in Cuba. Nutrition Reviews 51, 349-357. 

Ubbink J, Hayward Vermaak W & Bissbort S (1991) Rapid high-performance liquid 
chromatographic assay for total homocysteine levels in human serum. Journal of 
Chromatography 565, 441-446. 

United Nations Development Program (2010) Human Development Report 2010: The real wealth of 
nations - pathways to human development. New York. 

United States Department of Agriculture (2010) USDA National Nutrient Database for Standard 
Reference, Release 23, pp. Nutrient Data Laboratory Home Page, 
http://www.ars.usda.gov/nutrientdata: US Department of Agriculture, Agricultural 
Research Service. 

Vallee BL & Falchuk KH (1993) The biochemical basis of zinc physiology. Physiology Review 73, 79-
118. 



 89 

van Noort B, Bos P, Klopping C & Wilmink J (1987) Optic neuropathy from thiamine deficiency in a 
patient with ulcerative colitis. Documenta Ophthalmologica 67, 45-51. 

Venables G, Welch J & Gill G (1985) Clinical and subclinical nutritional neurological damage in 
former war prisoners of the Japanese. Transactions of the Royal Society of Tropical Medicine and 
Hygiene 79, 412-414. 

Victor M (1980) Neuro-ophthalmic disorders due to alcoholism and malnutrition. In Neuro-
ophthalmology Focus [J Smith, editor]. New York: Masson Publishing. 

Victor M, Adams R & Collins G (1971) The Wernicke-Korsakoff syndrome, 1st ed. Philadelphia: FA 
Davis. 

Victor M & Dreyfus P (1965) Tobacco-alcohol amblyopia: further comments on its pathology. 
Archives of Ophthalmology 74, 649-657. 

Voet D & Voet J (1995) Biochemistry, 2nd ed. New York: John Wiley & Sons. 

von Bonsdorff B (1956) Diphyllobothrium latum as a cause of pernicious anaemia. Experimental 
Parasitology 5, 207-230. 

Vuilleumier J & Keck E (1989) Fluorometric assay of vitamin C in biological materials using a 
centrifugal analyser with fluorescence attachment. Journal of Micronutrient Analysis 5, 25-34. 

Walters J, Rossiter R & Lehmann H (1947) Malnutrition in Indian prisoners-of-war in the Far East; a 
survey of 2000 cases. The Lancet 1, 205-210. 

Watson-Williams E, Bottomley A, Ainley R & Phillips C (1969) Absorption of vitamin B12 in tobacco 
amblyopia. British Journal of Ophthalmology 53, 549-552. 

Whitbourne D (1947) Nutritional retrobulbar neuritis in children in Jamaica. American Journal of 
Ophthalmology 30, 169-171. 

Whitfield R (1947) Malnutrition in Japanese prison camps. British Medical Journal 2, 164-168. 

Wilkinson P (1944) Deficiency diseases in Hong-Kong. The Lancet 2, 655-658. 

Wilkinson T, Hanger H, Elmslie J, George P & Sainsbury R (1997) The response to treatment of 
subclinical thiamine deficiency in the elderly. American Journal of Clinical Nutrition 66, 925-
928. 

Williams DM (1983) Copper deficiency in humans. Seminars in Hematology 20, 118-128. 

Wintrobe M, Lee G, Boggs D, Bithell T, Foerster J, Athens J & Lukens J (1981) Megaloblastic and 
nonmegaloblastic macrocytic anemias. In Clinical hematology, pp. 559-604 [M Wintrobe, G 
Lee, D Boggs, T Bithell, J Foerster, J Athens and J Lukens, editors]. Philadelphia: Lea & 
Febiger. 

Wokes F (1958) Tobacco amblyopia. Lancet 2, 526-527. 

Woon C, Tang RA & Pardo G (1995) Nutrition and optic nerve disease. Seminars in Ophthalmology 10, 
195-202. 

World Health Organization (2000) Obesity: preventing and managing the global epidemic. Report of 
a WHO Consultation. In WHO Technical Report Series 894. Geneva: World Health 
Organization. 

World Health Organization (2009) Papua New Guinea - Country Cooperation Strategy at a glance, 
pp. 1-2. Geneva. 



 90 

World Health Organization (2010) Western Pacific country health information profiles: 2010 
revision, pp. 343-352. Geneva. 

Wright E (1928) Disease due to A and B avitaminosis in Sierra Leone. West African Medical Journal 2, 
127-130. 

Yolton DP (1981) Nutritional effects of zinc on ocular and systemic physiology. Journal of the 
American Optometric Association 52, 409-414. 

Zitting A, Savolainen H & Nickels J (1982) Biochemical and toxicological effects of single and 
repeated exposures to polyacetal thermodegradation products. Environmental Research 29, 
287-296. 

 
 



 91 

 

7 Appendices 

 
 



Appendix 1- Divine Word University Ethics Application Form 

DIVINE WORD UNIVERSITY 
 

 
This form is for the use of University staff members. 

 
(RESPONSES MUST BE TYPED) 

 
1. TITLE OF PROJECT (In lay terms): 

 
An investigation of optic neuropathy occurring in adult prisoners in Madang, Papua 
New Guinea 
 

 
 
2. Staff member responsible for the project:  

(Must be a staff member of Divine Word University) 
 
  

Name 
 

Benoit Tousignant  MSc MPH OD 
 

     
  

Faculty: 
 

Faculty of Health Sciences 

  
Thesis Title: 
 

 

 
  

 
Contact 
Address: 
 

Postgraduate Research Centre 
Divine Word University 
P.O Box 483 
Madang 
Papua New Guinea 

     
 Telephone 

(Business 
Hours): 

+675.854.1834 (DWU office) 
+675.852.2919 (MGH Eye Clinic)  
 

     
  

Specify Adjunct or Clinical  
position if held 
 

Head of Department 
Eye Care 
Faculty of Health Sciences 

    
  

Email Address: 
 

btousignant@dwu.ac.pg 
 
 

 

 

 !
       

 

 
APPLICATION TO 

UNDERTAKE RESEARCH 
INVOLVING HUMAN 

SUBJECTS 
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3. 

 
EXPECTED DURATION OF 
PROJECT:  
 
Please note that the research or 
recruitment of participants 
must not commence until a date 
after final approval has been 
obtained. 

From Date of Initial 
Recruitment: 
 
5 April 2010 
 

To Date of Expected 
Completion: 
 
28 May 2010 
 

 
 
4. FUNDING:  Is this protocol the subject of a grant application?   Yes [  ]   No [X] 
 
  

If 'Yes', what is the Agency? 
Funding has been approved and is 
available. 

This project has received funding support 
from the New Zealand Agency for 
International Development Aid (through 
KOHA), and the Fred Hollows Foundation 
New Zealand. In-kind support has been 
made available by the University of Otago, 
New Zealand. 

 
  

Provide details of any affiliation or 
financial interest in funding source 
and/or commercialisation of research 
results 
 

Not applicable 

 
 
5. OTHER ETHICAL APPROVALS: 
 
Has the protocol previously been submitted to the  
Research Ethics Committee? Yes [  ]   No  [X] 
 
Has the protocol been submitted to another Institutional 
Ethics Committee? Yes [  ]   No  [X] 
 
If ‘Yes’ to which Committee/s has it been submitted? 

Prisoners are the sample group for this study. Therefore, this proposal will also be 
submitted to the PNG Medical Research Approval Committee. (See Section 11 below) 

 
What was the outcome of the submission? 

Not applicable 

 
 
 
Has the protocol been submitted to acquire Confidential of Health Information?  ie: Health Department or 
Agency  Yes  [  ]  No  [X] 
 
Does the Project require a “Covenant of Confidentiality”*?  Yes  [  ]  No  [X] 
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(*ie: accessing private practitioner’s medical records – see: Code of Practice for the use of Name–Identified 
Data and Covenant of Confidentiality) 
 
 
6 PRIVACY LEGISLATION: 
 
 Does this research project involve access to data held by a National Department or agency?   

Yes [  ]  No  [X] 
 

If your proposed research project involves access to data held by a National Department or agency, you 
will have to comply with the privacy principles established under Privacy Legislation.  Information and 
further documentation relating to these issues must be obtained from the Secretary to the Research 
Committee. 

 
 Is the data to be collected, used or disclosed from an organisation in the private sector?  

Yes [  ]    No [X] 
 
 Does the data include information that identifies the individual(s) concerned?  

Yes [X]    No [ ] 
 
7 AIMS OF THE PROJECT: 
 
Please give a concise and simple description of the aims of the project. 
 

Since 2000, ophthalmologists providing clinical services in Madang, Papua New 
Guinea, have become aware of local adult prisoners who have become blind since 
being incarcerated. Compared to the general population in Madang, the number of 
such prisoners is much greater than would be expected.  
 
An informal assessment of the problem in 2007 indicated that at least 40 local 
inmates had a significant level of visual impairment. This was most commonly 
associated with atrophy of the optic nerves*, being the result of optic neuropathy* of 
undetermined cause. It has been noted that the longer history of incarceration, the 
greater the risk of optic atrophy*. 
 
Again based on informal inquiry, the optic neuropathy in these prisoners most likely 
has a nutritional basis. If this were the case, by supplementing insufficiency or 
removing toxicity, there may be potential to halt the progression of vision loss where it 
has occurred and prevent it where it is yet to. 
 
Therefore, the aims of this project are: 
1. To determine the prevalence of vision impairment and blindness amongst prisoners 
at Beon Prison, Madang.  
 
2. To determine demographic characteristics associated with and causes of this vision 
impairment. 
 
3. To determine the prevalence of optic neuropathy amongst prisoners at Beon 
Prison, Madang. 
 
4. To determine demographic and physical characteristics associated with this optic 
neuropathy. 
 
5. To document the nutritional intake of prisoners at Beon Prison, Madang. 
 
6. To determine if single or a cluster of selected nutritionally-related biomarkers and 
aspects of nutritional history are associated with the optic neuropathy in prisoners at 
Beon Prison, Madang. 
 
7. To identify Beon prisoners currently free of optic neuropathy who fit any identified 
at-risk profile. 
 
8. To make recommendations to prison authorities about the nutritional and visual 
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wellbeing of prisoners at Beon Prison, Madang. 
 
 
* “Optic neuropathy” is a term used to describe the reaction of the “optic nerves” (carrying  
vision information from the eyes to the brain) to a group of disparate conditions, including those 
related to blood supply, pharmaceutical toxicity and nutrition. Depending on the cause, optic 
neuropathy may result in progressive, severe and irreversible vision loss. Where this occurs, 
“optic atrophy” (death and wasting of the optic nerve) is typical. This is evident to an observer 
looking into the eyes of a person with severe optic neuropathy—the optic nerves appear pale.  
 

 
 
8 PARTICIPANT GROUP: 
 
(a) Who will be the participants?  Please include size of sample(s) and variables such as age, sex and state 

of health.  Please state clearly whether children, mentally ill individuals or persons in dependent 
relationships such as teacher/student, doctor/patient, staff etc. will be recruited. 

 
All adult prisoners at Beon Prison (approximately 350 people) will be invited to 
participate. Information will be collected on all participants. 
 
For the purposes of the case-controlled portion of the investigation, prisoners with 
confirmed optic neuropathy (anticipated n=40) will be used as cases, and controls 
will be selected from non-affected prisoners (anticipated n=40), matched closely for 
gender, age, visual function and duration of incarceration. 
 
A second comparison group of non-prisoners (anticipated n=40) to control for shared 
environmental factors will also be assembled. Prison guards will be invited to 
participate in this group at a time separate from that of the prisoners. Any shortfall in 
numbers will be drawn from appropriate consenting adult attendees at the Modilon 
Hospital Eye Clinic. 
 

 
(b) From where and how will participants (including controls if applicable) be recruited? 

How will the initial contact be made with the participants?  
 

All prisoners will be escorted to the prison health post, which will be set up for 
confidential discussion with and examination of prisoners. 
 
Communications with prisoners will be conducted in an appropriate local language, 
most commonly Pidgin (tok pisin). 
 
Away from the hearing of prison employees and other prisoners, the purpose of the 
study, its methodology, and its risks and benefits will be explained to each prisoner 
individually. An informed consent document will be read to the prisoner. Questions 
will be invited and answered. An invitation to participate will then be extended, and if 
accepted, the informed consent document will be signed by the prisoner. Consent 
may be withdrawn by the participant at any time during data collection processes. 
The Tenets of Helsinki will be observed. 
 

 
(c) Does recruitment involve the circulation/publication of an advertisement, 

circular, letter , email list, bulletin etc?  Yes  [  ]  No  [X] 
If ‘Yes’, please provide copies and details of publication 

 
(d) Does the research specifically target traditional people or is the sample 

likely to include a significant percentage of traditional people? Yes  [  ]  No  [X] 
 

 If 'Yes', please attach a statement indicating in what way traditional sensitivities have been recognised 
and which groups or organisations have been consulted.   

 
 
9 DETAILS OF PROCEDURES: 
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(a) Please describe briefly the project methodology.  Describe all procedures to which participants will be 

subjected, highlighting any which may have adverse consequences. 
 

Beon Prison is a correctional facility close to Madang, Papua New Guinea. There are 
an estimated 375 inmates. The majority of these are men, but the prison also has a 
wing for juvenile offenders and another for women.  
 
This cross-sectional investigation of all consenting adult inmates (anticipated n=350) 
at Beon Prison will be conducted over a three-week period between 5 April 2010 and 
28 May 2010. Concurrently, an audit of the prison facility will be undertaken with 
respect to prisoner water and food, and the preparation of the latter. 
 
All prisoners will be escorted to the prison health post, which will be set up for 
confidential discussion with and examination of prisoners. 
 
Communications with prisoners will be conducted in an appropriate local language, 
most commonly Pidgin (tok pisin). 
 
Away from the hearing of prison employees and other prisoners, the purpose of the 
study, its methodology, and its risks and benefits will be explained to each prisoner 
individually. An informed consent document will be read to the prisoner. Questions 
will be invited and answered. An invitation to participate will then be extended, and if 
accepted, the informed consent document will be signed by the prisoner. Consent 
may be withdrawn by the participant at any time during data collection processes. 
The Tenets of Helsinki will be observed. 
 
Each participant will be asked to supply demographic data, complete an oral 
questionnaire concerning general and ocular health, dietary intake and lifestyle 
activities. The interview-based questionnaires to be used have been developed in 
English, but will be translated into local language, and then back translated to ensure 
veracity. Prior to the prison survey, a pilot study of the use of the questionnaires will 
be conducted by trained health workers and student health extension officers on 
consenting patients at the Modilon Hospital Eye Clinic, Madang, to ensure observer 
concordance and question appropriateness.      
 
Each participant will undertake a complete vision and ocular examination, as is 
routine standard best practice in an eye clinic. No novel investigations or 
examinations will be performed. Visual acuity and other standard tests of visual 
function will be administrated by trained health workers, with results checked for intra- 
and inter-observer reliability. Then an assessment of the anterior segment of the eye 
will be made by a specialist ophthalmologist, using a slitlamp.  
 
Intraocular pressure will be measured by applanation tonometry, requiring 
administration of topical local anaesthetic (proparacaine hydrochloride 0.5%: 
Aurocaine) and topical fluorescein. The pupil will be pharmacologically dilated 
(tropicamide 1%: Mydriacyl; phenylephrine 5%). These topical medications are used 
routinely in standard ocular examination. 
 
Thereafter, the ophthalmologist will examine the posterior segment of the eye, using 
both a slitlamp and SuperField non-contact fundus lens, and a binocular indirect 
ophthalmoscope. In particular, the morphology of the optic disc will be examined. 
Intra-observer reliability will be assessed. 
 
A medical officer and team of supervised student health extension officers will 
perform a physical examination on all participants. This will concentrate on, but not 
be limited to, the central and peripheral nervous system. No novel investigations or 
examinations will be performed—all will be routine standard best practice as occurs in 
a general medical clinic. 
 
Digital fundus photography will be performed to document optic nerve head 
appearance. This captures exclusively internal ocular images. No facial features are 
recorded, so identification of the participant is not possible from the photographs. 
   
Blood will be collected (50ml) by routine venepuncture from all participating prisoners. 
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This will be prepared and temporarily stored at the PNG-IMR facility at Modilon 
Hospital before being sent for analysis.   
 
At the conclusion of the data collection, a brief verbal report of the ocular health of 
each participant will be given to that participant. 
 
For the purposes of a case-controlled portion of the investigation, prisoners with 
confirmed optic neuropathy (anticipated n=40) will be used as cases, and controls will 
be selected from non-affected prisoners (anticipated n=40), matched closely for 
gender, age, visual function and duration of incarceration. The blood samples from 
each group will be analyzed for nutrients and biomarkers suspected to be involved in 
the optic neuropathy.  
 
A second comparison group of non-prisoners (anticipated n=40) to control for shared 
environmental factors will also be assembled. Prison guards will be invited to 
participate in this group at a time separate from that of the prisoners. Any shortfall in 
numbers will be drawn from appropriate consenting adult attendees at the Modilon 
Hospital Eye Clinic. This non-prisoner control group will be enrolled, questioned and 
examined using the same protocols developed for the prisoners. The blood samples 
from this group will also be analyzed for nutrients and biomarkers suspected to be 
involved in the optic neuropathy.   
 
Blood from the remainder of the prisoners (non-cases/non-controls) will be subjected 
to analysis only if a single or cluster of nutritionally-related biochemical measures are 
identified in association with the optic neuropathy. This will be to identify any 
prisoners at risk of developing the neuropathy but who do not yet exhibit signs of it. 
 
Blood will only be subjected to the analysis outlined in the research documentation. 
All samples will be stored and destroyed according to internationally accepted 
research laboratory protocols, as practised by the University of Otago, New Zealand.  
 
Survey forms will be reviewed for integrity of data at the conclusion of each day. Data 
will be entered into a specifically designed database during the survey. Prior to 
analysis, missing data and outliers will be checked against the survey forms. Analysis 
will use SPSS 17.0.  
 
Data will be de-personalized for the purposes of analysis and reporting to prison 
authorities and in the scientific literature. However, where ocular or nutritional 
treatment is indicated as a result of this investigation, with the prisoner’s consent, 
prison authorities will require to be informed on a case by case basis, so these 
interventions can be organized. 
 
Arrangements will be made for any prisoner or prison guard with a vision or ocular 
problem, and who wants this investigated and treated, to be referred for care at 
Modilon Hospital. 
 

 
Social Research is defined in this context as research where the data collected is observed and 
recorded and the means of data collection involve solely interview, survey, participant observation or 
combinations of these methods. There are no interventions in social research that involved taking 
blood or body fluids or administering treatments of radiation, drugs or artificial or unusual stimuli 
(eg electrical shocks) 
 
Is your research is purely social research in this context as defined? 

Yes  [  ]    go to Q10 
No   [X] 

 
(b) Will any chemical compounds, drugs or biological agents be 

administered? Yes [X]  No  [  ] 
 
 If  'Yes', describe names, dosages, routes of administration, frequency of administration, and any 

known or suspected adverse effects.  All suspected adverse events should be listed on the Information 
Sheet/Consent Form. 
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If  ‘No’ go to Question 9(d) 
 

Intraocular pressure will be measured by applanation tonometry, requiring 
administration of topical local anaesthetic (proparacaine hydrochloride 0.5%: 
Aurocaine) and topical fluorescein. The pupil will be pharmacologically dilated 
(tropicamide 1%: Mydriacyl; phenylephrine 5%). These topical medications are used 
routinely in standard ocular examination. 
 
The participant information and consent form (please attached) includes this 
information: 
“The eye drops may cause some discomfort. These may cause stinging for a few 
seconds or so. You may have blurred vision for a few hours, especially for close up. 
You may also be more sensitive to light until your pupils return to normal. 
 
There is a very small risk of mild allergic reaction to the eye drops. There is also a 
very small risk of acute glaucoma (an immediate raised pressure in the eye, which 
may cause some pain) after dilation of pupils. However, this is very rare for people in 
Papua New Guinea. If you have this, you will be treated immediately to reduce the 
pressure.” 
 

 
 
(c) Does the research involve use of unmarketed drugs? Yes [  ]  No  [X] 
 
 If  'Yes', Clinical Trial Notification (CTN) or Clinical Trial Exemption (CTX) approval must be 

obtained before the project may proceed. 
 
 Investigational brochure enclosed. Yes [  ]  No  [  ] 
 
 CTN approval has been requested. Yes [  ]  No  [  ] 
 
 CTX approval has been requested. Yes [  ]  No  [  ] 
 
 
(d) Will blood or other tissue samples be taken? Yes [X]  No  [  ] 
 
 If 'Yes', please state site, frequency and volume of any blood or other tissue sampling. 
 

Routine venepuncture (typically antecubital fossa) with 50mls of blood drawn on a 
single occasion. 
 

 
 
 If 'Yes', list all personnel who will be involved in this procedure. 
 

Qualified medical practitioners and nurses, and student health extension officers 
under supervision. 

 
 
(e) Will there be any invasive procedures other than blood or 

tissue sampling? Yes [  ]  No  [X] 
 

 If 'Yes', please provide details of these procedures. 
 

Not applicable 
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(f) Will participants be exposed to ionising or non-ionising radiation? Yes [  ]  No  [X] 
 

(i) If 'Yes', please provide details including the quantitative assessment of the absorbed dose, 
supported either by dosimetric calculation or other information. 

 
Not applicable 
 
 
(ii) If 'Yes', has the radiation Protection Office been 

asked for approval? Yes [  ]  No  [  ] 
 
 If 'Yes', please attach copy of approval notification.  

 
 
10 NHMRC NATIONAL STATEMENT ON ETHICAL CONDUCT IN RESEARCH INVOLVING 

HUMANS (1999)   http://www.health.gov.au/nhmrc/publications/humans/contents.htm 
This Australian document represents present best practice 

 
  
(a) Please indicate whether the protocol conforms to the National Statement on  
 Ethical Conduct in Research Involving Humans. Yes [X]  No  [  ] 
 

 
(b) Please indicate whether the protocol conforms to the National Statement on Ethical Conduct in 

Research Involving Humans with regard to the following areas of research: 
 

(i) Research involving children, young people, persons with intellectual 
or mental impairment, persons highly dependent on medical care or  
persons in dependent or unequal relationships Yes [X]  No  [  ]  N/A [  ] 

 
(ii) Research involving collectivities  Yes [  ]  No  [  ]  N/A [  ] 

 
(iii) Research involving people living a traditional lifestyle Yes [  ]  No  [  ]  N/A [X] 

 
(iv) Research involving ionising radiation  Yes [  ]  No  [  ]  N/A [X] 

 
(v) Research involving assisted reproductive technology Yes [  ]  No  [  ]  N/A [X] 

 
(vi) Clinical trials  Yes [  ]  No  [  ]  N/A [X] 

 
(vii) Innovative therapy or intervention  Yes [  ]  No  [  ]  N/A [X] 

 
(viii) Epidemiological research    Yes [X]  No  [  ]  N/A [  ] 

 
 (ix) Use of human tissue samples  Yes [X]  No  [  ]  N/A [  ] 
 
 (x) Human genetic research  Yes [  ]  No  [  ]  N/A [X] 
 
 (xi) Research involving deception of participants, 

 concealment or covert observation  Yes [  ]  No  [  ]  N/A [X] 
 
(c) Please address the ethical considerations of the proposed research to satisfy the Committee that the 

research protocol gives adequate consideration to participants’ welfare, rights, beliefs, perceptions, 
customs and cultural heritage both individual and collective (Refer Item 2.22 of the Australian National 
Statement on Ethical Conduct in Research Involving Humans) 
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XX 
 

 
 
11 ETHICAL ISSUES 
 
 Please indicate which of the following ethical issues are involved in this research. 
 
(a) Does data collection require access to confidential  

data without the prior consent of participants? Yes [  ]  No  [X] 
 
(b) Will visual recordings be made, eg: photo, video, etc? Yes [X]  No  [  ] 
 
(c) Will audio recordings be made, eg: tape or digital, etc? Yes [  ]  No  [X] 
 
(d) Will participants be asked to commit any act which might  

diminish self-respect or cause them to experience shame, 
embarrassment or regret ? Yes [  ]  No [X] 

 
(e) Will any procedure be used which may have an unpleasant 

or harmful side effect? Yes [X]  No [  ] 
 
(f) Does the research use any stimuli, tasks, or procedures, which may be 

experienced by participants as stressful, noxious, or unpleasant? Yes [  ]  No  [X] 
 
(g) Will the research use no-treatment or placebo control conditions? Yes [  ]  No  [X] 
 
(h) Will any samples of body fluid or body tissue be required specifically 

for the research, which would not be required in the case of the ordinary 
treatment? Yes [  ]  No  [X] 

 
(i) Does the research involve a fertilised human ovum? Yes [  ]  No  [X] 
 
(j) Does the project use embryos beyond a period of fourteen days after 

fertilisation? Yes [  ]  No  [X] 
 
(k) Does the project involve the implantation of embryos, which have been 

the subjects of prior experimentation? Yes [  ]  No  [X] 
 
(l) Are there in your opinion any other ethical issues involved in the 

research? Yes [X]  No  [  ] 
 
 
 If the answer to any of the above questions is 'Yes' please amplify below. Details required of secure 

storage of recordings, preferably within College facilities. 
 

b. Digital fundus photography will be performed to document optic nerve head 
appearance. This captures exclusively internal ocular images. No facial features are 
recorded, so identification of the participant is not possible from the photographs. 
 
e & f. Routine general and ocular examination with no novel aspects. (See attached 

overview of the investigation and the participant information and consent form) 
 
l. The sample is taken mostly from a prison population, with the special problems of 
participants being in a dependent and vulnerable position. The right not to participate, 
and withdraw consent once given, is outlined in the participant information and 
consent document. Confidentiality of information, including not sharing with prison 
authorities, is paramount. The investigators are mindful of the special responsibilities 
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associated with participation of prisoners. Therefore, this project will be submitted to 
both the Divine World University and the PNG Medical Research Approval 
Committee. 
 

 
 
12. INFORMATION SHEET AND INFORMED CONSENT FORM: 
 
 Normally, each participant is given an information sheet and is required to sign a consent form. 
 
 Do you undertake to obtain written consent for each participant? Yes [X]  No  [  ] 
 
(a) If 'Yes', please attach a copy of the Information Sheet and the Consent Form to be given to and signed 

by all participants and/or their responsible signatory.  These forms should be on College letterhead.  
The Information Sheet should describe all the procedures proposed in clear, simple terms. It should list 
any potential short- or long-term side effects and any hazards.  The required standard paragraph 
must be included at the bottom of all Consent Forms, or Information Sheets where appropriate.  
(As the majority of concerns raised by the Research Ethics Committee are raised in connection with the 
Information Sheet and Consent Form, it is strongly recommended that you consult the Guidelines for 
Preparation of Information Sheet and Consent Form, available on the Human Ethics Office web page.) 

 
(b) If 'No', please justify this departure from normal procedure. 
 

 
 
 

 
 
13. POTENTIAL BENEFITS AND RISKS: 
 
(a) What are the possible benefits of this research? 

 
(i) To the participant: 
 
Each participant will have the benefit of a comprehensive eye health check. If any 
eye conditions are identified, the option of treatment will be discussed with the 
participant and a referral made for investigation/treatment if the participant decides 
he/she wants this. 
 

 
 
(ii) To humanity generally; 
 
Vision impairment and blindness have repercussions for care during imprisonment.  
 
After release, poor vision causes a significant loss of quality of life, and has social 
and economic implications for the impaired individual, his family, and their 
community. 
 
The Department of Correctional Services and the National Department of Health are 
responsible for prisoners’ health and well-being. It is anticipated that this study will 
provide information that will help these departments exercise this duty of care, both 
in Madang and at prisons elsewhere in PNG. The result may be inmates better able 
to integrate and contribute to their community on release. 
 
Prison authorities have indicated that this research may help Department of 
Correctional Services policy-makers understand the health risks associated with 
current conditions of incarceration in Madang. A change in policy and improvement in 
practice may result. 
 
Manuscripts will be prepared for publication in the peer-reviewed scientific literature. 
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This will disseminate the findings of this research to the international public health 
community. Prevention of vision loss in similar environments may result. 
 

 
(b) What in your view are the possible hazards of this research to the participants? 
 

All potential hazards have been minimized. Confidentiality of personalized 
information will be protected so that there can be no recriminations by prison or other 
authorities. Only de-personalized data will be reported. No novel investigations are 
included. All examination procedures are standard as used for routine clinical care.   
 

 
 
14. REMUNERATION: 
 
 Is any financial remuneration or other reward being offered 
 to participants in the study? Yes [X]  No  [  ] 
 
 If 'Yes', please state how much will be offered and for what purpose, e.g. to cover travelling expenses, 

time spent etc.  Volunteers may be recompensed for inconvenience and time spent, but any such 
payment or compensation should not be so large as to be an inducement to participate. 

  
Not applicable 
 
 
 

 
 
15. EXTERNAL AUDITS: 
 
 Will individual results of this study be subject to an audit by 

any agency external to the University? Yes [  ]  No  [X] 
 

 If 'Yes', who will be conducting the audit? 
 

No audit is anticipated, but raw data will be secured for 5 years in case this is 
necessary. (See investigation overview document attached) 
 

 
 
CHECK LIST 
 
 To assist with processing this application, I have: 
 
1. answered all the questions fully; Yes [X]  No  [  ] 
 
2. signed this application form and obtained the Dean of Faculty’s 

signature;  Yes [X]  No  [  ] 
 
3. enclosed the original application form, with a copy of the 

Information Sheet/Consent Form and any related documentation 
(questionnaires, letters, etc.) attached along with the full proposal. Yes [X]  No  [  ] 

 
 
Name (Please print): Benoit Tousignant   
 
 
Signed:  Date: 20 February 2010   

 
Last updated 20th May, 2006 
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DIVINE WORD UNIVERSITY 

 
An investigation into eye health 

 

Purpose of this study 
You are invited to participate in a study of eye health.  
 
You may be aware that some prisoners at Beon Prison have developed problems with 
their vision. Some of these people have a condition that damages the nerve in the 
eye that allows them to see. 
 
The purpose of this study is to find out how many prisoners have vision problems, 
which of these have the condition that damages the seeing nerve in the eye, and 
what might be causing this damage. 
 

Participation in the study 

Taking part in this study is not compulsory. It is your right to choose to take part or 
not to take part. 
 
If you decide to take part in this study, we will ask you some questions about 
yourself, your eyes and vision, your diet, smoking and other lifestyle activities.  
 
Your vision will be measured and your eyes will be examined. Eyedrops will be put 
into your eyes to widen your pupils to allow examination of the back of your eyes.  
 
Photographs of the inside of your eyes will be taken. 
 
Blood will be taken from a vein in your arm. This will be sent to a laboratory for 
testing for such things as levels of vitamins. 
 
These procedures are likely to take about 60 minutes to complete. 
 

Possible benefits from participating in this study 
You will have the benefit of a comprehensive eye health check. If any eye conditions 
are identified, the option of treatment will be discussed with you and a referral made 
if you decide you want this. 
 
The information from this study may be important in helping to find a cause for the 
vision problems of prisoners at Beon and in other prisons in Papua New Guinea. If a 
cause is found, treatment may stop the condition from getting worse in those who 
have it, and help to prevent other prisoners from developing it. 
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Form 
 
Possible risks or discomforts from participating in this study 
The eye drops may cause some discomfort. These may cause stinging for a few 
seconds or so. You may have blurred vision for a few hours, especially for close up. 
You may also be more sensitive to light until your pupils return to normal. 
 
There is a very small risk of mild allergic reaction to the eye drops. There is also a 
very small risk of acute glaucoma (an immediate raised pressure in the eye, which 
may cause some pain) after dilation of pupils. However, this is very rare for people in 
Papua New Guinea. If you have this, you will be treated immediately to reduce the 
pressure. 
 
Drawing blood may cause some discomfort and you may have swelling and a bruise 
at the site of the needle stick on your arm.  Some people feel dizzy or light-headed 
for a few minutes after blood is taken. There is no sharing of needles. A new needle 
and skin cleaning procedures will be used, conferring an extremely low possibility of 
infection. 
 

Confidentiality and disclosure of information 

The information you give to us will be kept confidential. 
 
Prison authorities will not be given any information that could link you to particular 
answers you provide or to particular findings you have in your eyes. The only 
exception to this is if we find you have an eye problem for which there is treatment 
and you decide that you want to have this treatment. Prison authorities would then 
need to be told what is wrong with your eye and what treatment is needed. 
 
Photographs taken of the inside of your eyes will not include any part of your face, 
and can not be used to identify you. 
 
We plan to publish the results of this study in medical journals. If the study finds a 
cause for the seeing nerve problem, we plan to use the findings to help prison 
authorities treat and prevent it. For these purposes, the information you give and the 
results of your examination and blood tests will be grouped with everyone else’s 
results. You will not be individually identified. 
 

Your consent 

Your participation is entirely voluntary. Refusal to participate will not result in any 
penalty or loss of benefits to which you are otherwise entitled.  
 
If you decide to participate, you are free to withdraw your consent and to discontinue 
your participation at any time.  
 
If you have any questions, please feel free to ask us.   
 
If you have any complaints about this study or how you are treated, you may discuss 
this with prison authorities or ask the leader of the investigation team to make the 
Divine Word University Ethics Committee aware of your concerns. Any complaint you 
make will be investigated promptly and you will be informed out the outcome. 
 
You are making a decision whether or not to participate.  Your signature 
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indicates that, having been provided with the information above, you have 
decided to participate. 
 
Signature of Research Participant                               Signature of Witness 
 
 
      
(Please PRINT name)       (Please PRINT name) 
 
 
 
Date         Nature of Witness 
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Participant tracking checklist 
 
 
 

Tick each box when the participant completes each part: 
 

Step 1 
Registration, consent & demographics  ! Start time: 

Step 2a 
General medical history & neuro exam !  

Step 2b 
Eye history & entrance eye tests (with nurse) !  

Step 3 
Eye health tests, with doctor (before dilation) !  

Step 4 
Lifestyle questionnaire and dietary assessment !  

Step 5 
Eye health tests, with doctor (after dilation) !  

Step 6 
Final step ! End time: 

Date of completion, steps 1 – 6: 
 

 
Step 7: 
Blood sample collection ! Name:________________ 

Date of completion, step 7: 
 

Appendix 3: General Questionnaire 
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Step 1 – Participant Registration, Consent and Demographics 
Name of interviewer: 

Registration  
Today’s date: 
 
Date of start of incarceration: 
(MM/YYYY) ____/______ 

Category of incarceration: 
! MSI (maximal security) 
! MSU (minimum security) 
! remaindee 
! not incarcerated (control) 

Consent 

Consent form reviewed and explained: ! yes      ! no Consent form signed: ! yes      ! no 

Demographics 

A1. Ethnicity: ! Melanesian PNG    ! Other: 

A2. Gender: ! Male    ! Female 

A3. Age (or approx.): 

A4. In which province were you born?  ________________ 

A5 Where did you spend most of your childhood years? 
! urban/town     
! rural 

A6 Education completed:   

! no formal     
! primary    
! secondary     
! tertiary 

A7 Literate:  
 

! yes    
! no 

A8 Before you were imprisoned, where did you spend 
most of your adult years? 

! urban/town     
! rural 

A9 Before you were imprisoned, what was your 
occupation? 

! government employee   
! private employee  
! farming/fishing 
! student 
! unemployed 

A10 Before you were imprisoned, what was the main 
source of income in your household?  

! government employment   
! private employment  
! farming/fishing  
! no income 

A11 How many times have you been sentenced to be in prison?   ___________ 

A12 In total, how many years have you spent in prison? ___________ 

A13 How many years have you been in prison this time? ___________ 

A14 Have all your years in prison this time been at Beon 
Prison? 

! yes    
! no 

           A14b If you have not spent all of your time at Beon Prison during this sentence, where else have you been 
                     imprisoned? 

___________  Prison for ___________ years       ___________  Prison for ___________ years 
___________  Prison for ___________ years       ___________  Prison for ___________ years  

* Place the sticker with the participant ID number on the shirt of the participant. 
* File consent form in appropriate folder 
* Ask the participant to take with them: ! their glasses, if any      ! this document 
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Section 2a: General medical history and neurological examination 
(step 2 for half of the patients, 1 MD, 1 HEO, 15 minutes) 

 
Doctor:  ! Manineng ! Atua    Assistant (HE3): 

General medical history 

B1 How would you describe your health over 
the last 3 to 6 months? 

! very good  
! good 
! poor  
! very poor 

B2 Have you been acutely ill during the last 5 
days? 
 

! yes  
! no 
! unsure/don’t know 

B3 Are you currently taking any medications? 
 

! yes  
! no 
! unsure/don’t know 

     B3b If yes, what are they and for what medical problem are these for? 
 
Name __________________ (Dose________ Frequency____________ Duration____________) 
Reason prescribed: 
 
Name __________________ (Dose________ Frequency____________ Duration____________) 
Reason prescribed: 
 
B4 List any home or traditional remedies you have used during your current imprisonment: 
! none 
Name __________________ (Dose________ Frequency____________ Duration____________) 
 
Name __________________ (Dose________ Frequency____________ Duration____________) 
 
B5 List any home or traditional remedies you commonly used before your imprisonment: 
! none 
 
Name __________________ (Dose________ Frequency____________ Duration____________) 
 
Name __________________ (Dose________ Frequency____________ Duration____________) 
 
B6 During the 
last month, 
have you 
experienced 
any of the 
following? 
 

a. nausea    ! yes ! no ! unsure/don’t know 
b. vomiting    ! yes ! no ! unsure/don’t know 
c. loss of appetite   ! yes ! no ! unsure/don’t know 
d. sore tongue   ! yes ! no ! unsure/don’t know 
e. diarrhoea   ! yes ! no ! unsure/don’t know 
f. dizziness (world spinning)  ! yes ! no ! unsure/don’t know 
g. faintness    ! yes ! no ! unsure/don’t know 
h. reduced hearing   ! yes ! no ! unsure/don’t know 
i. ringing in your ears  ! yes ! no ! unsure/don’t know 
j. altered taste   ! yes ! no ! unsure/don’t know 
k. arm or leg weakness  ! yes ! no ! unsure/don’t know 
l. difficulty with balance  ! yes ! no ! unsure/don’t know 
m. odd heart beats   ! yes ! no ! unsure/don’t know 
n. skin rash/lesions   ! yes ! no ! unsure/don’t know 
o. mouth sores   ! yes ! no ! unsure/don’t know 
p. burning, numbness, or tingling of hands or feet 

  ! yes ! no ! unsure/don’t know 
q. any infections (skin, chest, urine) 

     ! yes ! no ! unsure/don’t know 
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B7 During the last month, have you 
experienced any other symptoms? 
 

! yes  
! no 
! unsure/don’t know 

 
      B7a If yes, name them:  ______________________________________________________ 
 
B8 Have you ever in the hospital because of 
malaria? 

! yes  
! no 
! unsure/don’t know 

B9 Have you ever had malaria which made you 
unconscious? 

! yes  
! no 
! unsure/don’t know 

B10 Have you 
ever had: 
 

a. TB   ! yes ! no ! unsure/don’t know 
b. syphilis   ! yes ! no ! unsure/don’t know 
c. HIV   ! yes ! no ! unsure/don’t know 
d. diabetes  ! yes ! no ! unsure/don’t know 
e. sarcoidosis  ! yes ! no ! unsure/don’t know 
f. stomach ulcer  ! yes ! no ! unsure/don’t know 
g. coeliac disease  ! yes ! no ! unsure/don’t know 
h. Crohn’s disease  ! yes ! no ! unsure/don’t know 
i. pancreatitis  ! yes ! no ! unsure/don’t know 
j. hepatitis  ! yes ! no ! unsure/don’t know 

B11 Have you 
ever been 
treated with: 
 

a. TB medication  ! yes ! no ! unsure/don’t know 
b. malaria medication ! yes ! no ! unsure/don’t know 
c. antibiotics for infection ! yes ! no ! unsure/don’t know 
d. chloroquine  ! yes ! no ! unsure/don’t know 
e. chloramphenicol ! yes ! no ! unsure/don’t know 
f. ethambutol  ! yes ! no ! unsure/don’t know 
g. streptomycin  ! yes ! no ! unsure/don’t know 
h. isoniazid  ! yes ! no ! unsure/don’t know 
i. chlorpropamide  ! yes ! no ! unsure/don’t know 
j. digitalis   ! yes ! no ! unsure/don’t know 
k. antabuse  ! yes ! no ! unsure/don’t know 

B12 Have you ever had a severe head injury 
which left you unconscious? 

! yes  
! no 
! unsure/don’t know 

B13 Have you ever had an episode of severe 
blood loss that required blood transfusion? 

! yes  
! no 
! unsure/don’t know 

B14 Have you lost weight in the last 3 to 6 
months? 

! yes  
! no 
! unsure/don’t know 

        B14b If yes, how much weight have you 
lost? 

 
________kg 
! unsure/don’t know 

B15 Have you gained weight in the last 3 to 6 
months? 

! yes  
! no 
! unsure/don’t know 

       B15b If yes, how much weight have you 
gained? 

 
________kg 
! unsure/don’t know 

 
 



Investigation into eye and nutrition health at Beon prison Participant ID number: 
 

 

Neurological examination 

 
B18. Cranial nerve function 
 
Nerve  n abn Description 

a.   CN V   
 
 

 
b.    CN VII 

  
 
 

c.  CN VIII     
 
 
 
B24. Height: ____cm 
 
B25. Weight: ____kg 
 
 
 
B19. Sensory nerve function (upper limb) 
 

left right   

      test 
  +     _   +  _ 

a. Light touch     

b. Pain     

c.Temperature     

d. Vibration     

e. Joint Position     

 
B20. Sensory nerve function (lower limb) 
 

left right   

      test 
  +     _   +  _ 

a. Light touch     

b. Pain     

c. Temperature     

d. Vibration     

e. Joint Position     

 
 
B21. Coordination 

Lt hand rt hand  

      test n abn n abn 

a. Index  finger  

     to thumb 

    

b. Finger to  

     nose 

    

 Lf   foot Rt foot 

c. Heel to shin n abn n abn 

d. Toe to 

finger 

n abn n abn 

e. Rhomberg  
+         - 

Comments 
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B22. Motor function (upper limb) 
 

Left  Right    

+ _ + _ 

a. 

Wasting 

    

b. twitches 

/ tremors 
    

c. Tone        N          !       " N          !       " 

d. Power  
1      2      3      4      5 1      2     3      4      5 

Reflexes   

e. Triceps 

 

 

0   I   II  III    

 

   0     I     II      III    

  

f. Biceps 

 

0   I   II   III    

 

 

    0     I       II      III    

  

g. Supinator 
 

0   I   II   III    

 

 

    0     I       II      III    

 

B23. Motor function (lower limb) 
 

Left  Right   

       +         _       +         _ 

a. Wasting     

b. twitches 

/ tremors 

    

c. Tone     n ! "   n ! " 

d. Power  
1      2        3      4       5 1      2     3     4     5 

 

Knee 

 

 

0     I      II    III    

 

0     I       II      III    

 

Ankle 

 
0     I      II    III    

 
0     I       II      III    

Reflexes  

 

Plantar 
 

!     "    - 
 

!     "       - 

 
 
Referral needed: ! no  ! yes: 
    ! to prison aid post (elective or non-urgent) 
    ! to hospital (moderate to severe or urgent) 
 
Other remarks: 
 
_____________________________________________________________________________ 
 
_____________________________________________________________________________ 
 
_____________________________________________________________________________ 
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Step 2b – Eye history & entrance eye tests (with nurse) 
(step 2 for half of the patients, 2 nurses, 20 minutes) 

 
Eye history 

C1 Since you were imprisoned this time, 
has there been a decrease in any of 
your eyes’ vision for far away objects? 

! yes  
! no 
! unsure/don’t know 

C2 Since you were imprisoned this time, 
has there been a decrease in the right 
eye vision for far away objects? 

! yes  
! no 
! unsure/don’t know 

C3 Since you were imprisoned this time, 
has there been a decrease in the left eye 
vision for far away objects? 

! yes  
! no 
! unsure/don’t know 

C4 Before you were imprisoned this time, 
was the vision for far away objects 
NORMAL in your right eye? 

! yes 
! no 
! unsure/don’t know 

C5 Before you were imprisoned this time, 
was the vision for far away objects 
normal in your left eye? 

! yes 
! no 
! unsure/don’t know 

C6 Since you were imprisoned this time, 
have you used a home remedy or 
traditional remedy for an eye or vision 
problem?  

! yes 
! no 
! unsure/don’t know 

 
               C6b If yes, what was it? ________________________________ 
C7 Since you were imprisoned this time, 
have you had any trauma to either of 
your eyes?  

! yes 
! no 
! unsure/don’t know 

 
              C7b If yes, what happened?      ________________________________ 
C8. Now that you are in prison, do you have 
problems seeing at night? 

! yes 
! no 
! unsure/don’t know 

        C8b. If yes, did you have this problem before 
you came to prison? 

! yes 
! no 
! unsure/don’t know 

C9 Have you ever been treated by a doctor or nurse 
with eye drops or ointment for an eye problem 
(either before prison or since being in prison)?  

! yes 
! no 
! unsure/don’t know 

 
               C9b If yes, what condition were those eye drops or ointment for? __________________ 
C10 Has anyone in your family gone blind as 
a teenager or adult, by something else than a 
trauma or damage to their eyes? 

! yes 
! no 
! unsure/don’t know 

C11 If yes, what relation to you are they? 
(tick ALL that apply) 

a. ! mother (natural) 
b. ! father (natural) 
c. ! brother (natural) 
d. ! sister (natural) 
e. ! paternal grandfather  
f. ! paternal grandmother 
g. ! maternal grandfather  
h. ! maternal grandmother 

i. ! blood son  
j. ! blood daughter 
k. ! blood uncle  
l. ! blood aunt 
m. ! blood cousin (male) 
n. ! blood cousin (female) 
o. ! blood nephew  
p. ! blood niece 
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Entrance eye tests (with nurse) 

C12.Spectacles: ! No Specs    ! Ready Made    ! Custom Made    ! Has specs, but did not bring 

C13. Presenting 
distance VA 
(categorical)  
* Use DISTANCE/ 
BIFOCAL Specs if 
participant has these 

! Without Specs 

! With specs 

 
 

Can see 6/12 or better ! R   ! L  

Cannot see 6/12, but can see 6/18 ! R   ! L 

Cannot see 6/18, but can see 6/60 ! R   ! L (Do PH) 

Cannot see 6/60, but can see 3/60 ! R   ! L (Do PH) 

Cannot see 3/60, but can CF at 1m ! R   ! L (Do PH) 

Cannot CF, but can see light (PL)  ! R   ! L 

Cannot CF and cannot see light (NPL)  ! R   ! L  
C14. Presenting 
distance VA 
(numerical)   

VAR: _________                     VAL:_________ 

C15. Pinhole VA 
* Use DISTANCE/ 
BIFOCAL Specs if 
participant has these when 
doing PH 

! Without Specs 

! With specs 

 

Pinhole Test Not Required ! R   ! L 

Can see 6/18 with PH ! R   ! L 

Cannot see 6/18 with PH (can see 6/60) ! R   ! L 

Cannot see 6/60 with PH (can see 3/60) ! R   ! L 

Cannot see 3/60 with PH ! R   ! L 
 

C15b. pinhole VA 
(numerical)   

PH VAR: _________                     PH VAL:_________ 

C16. Near VA 
(both eyes together) 
* Use NEAR Rx/ 
BIFOCALS  

! Without Specs 

! With specs 

Can see N8  ! 

Cannot see N8, but can see N10 ! 

Cannot see N10, but can see N14 ! 

Cannot see N14, but can see N24 ! 

Cannot see N24 !  
C17. Contrast VA 
 

RE 
! not done (vision less than 6/60) 
symbols seen at 1 m:  ___/25 
symbols seen at 30 cm: ___/25 

LE 
! not done (vision less than 6/60) 
symbols seen at 1 m:  ___/25 
symbols seen at 30 cm: ___/25 

C18. Colour 
vision 
* Use NEAR Rx/ 
BIFOCALS  

! Without Specs 

! With specs 

Cannot perform test (cannot see N24) ! R      ! L 
or 

R eye  number of correct plates ___ / 13 
L eye:  number of correct plates ___ / 13 

(Correct answers: 12, 8, 29, 5, 3, 15, 74, 6, 45, 5, 7, 16, 73) 
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Step 3 – Eye health tests with doctor (before dilation) 
(step 3 for everyone, 1 doctor & 1 nurse & BT, 15 minutes) 

 
 
D1. Ocular versions ! full range of motion ! Palsy identified / comment:  
D2. Dacryocystitis ! R Normal (none)  ! R Active ! R Previous (eg sinus)  

  ! L Normal (none)  ! L Active ! L Previous (eg sinus)  

D3. Lashes position 
! R Normal  ! R Trichiasis NOT touch cornea   ! R Trichiasis touch cornea  ! R Epilated   

  
! L Normal  ! L Trichiasis NOT touch cornea    ! L Trichiasis touch cornea   ! L Epilated   

D4 Lower Lids 
! R Normal  ! R Entropion ! R 

Ectropion 
! R other 
abnormal Comment: 

  
! L Normal  ! L Entropion ! L Ectropion ! L other 

abnormal   

D5. Upper Lids 
! R Normal  ! R Entropion ! R Other 

abnormal  
Comment: 

  
! L Normal  ! L Entropion ! L Other 

abnormal  
  

D6. Upper Tarsal 
Conj (trachoma only)  

! R Normal   ! R Tachomatous scarring 
! L Normal   ! L Trachomatous scarring 

D7. Conjunctiva 
! R Normal  ! R Acute Allergy ! R Chronic 

Allergy 
! R 
Infection ! R Vit A deficiency 

  
! L Normal  ! L Acute  Allergy ! L Chronic 

Allergy 
! L 
Infection ! L Vit A deficiency 

D8. Pterygium ! R None  
! Nasal < 3mm ! Nasal > 3mm 

    

! R 
currently 
present: 

! Temporal < 3mm ! Temporal > 3mm 

  ! R No previous excision  ! R Previous excision    ! R No recurrence    ! R Recurrence   

  ! L None  
! Nasal < 3mm ! Nasal > 3mm 

    

 ! L 
currently 
present: 

! Temporal < 3mm ! Temporal > 3mm 

  ! L No previous excision  ! L Previous excision    ! L No recurrence    ! L Recurrence   

D9. Cornea ! R Normal 
! R Central 
scar 

Scar consistent 
with: ! R Trauma 

  
 

! R 
Peripheral 
scar 

 ! R Trachoma 

     ! R Infective keratitis 

     ! R Other 

   ! R Other Comment:  

  ! L Normal 
! L Central 
scar 

Scar consistent 
with: ! L Trauma 

  
 

! L 
Peripheral 
scar 

 ! L Trachoma 

     ! L Infective keratitis 

     ! L Other 

   ! L Other Comment:  
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! R Normal (adequate 
view)  

! R Yes, cornea obstructs 
view  

 D10. Cornea 
prevents intraocular 
exam? ! L Normal (adequate 

view)  
! L Yes, cornea obstructs 
view  

* if yes: remainder of exam will be blank for 
that eye 

 
D11. Anterior 
Chamber 

! R Normal  ! R Pigment dispersion         ! R Other                Comment:           

  ! L Normal  ! L Pigment dispersion          ! L Other 

D12. Iris ! R Normal  ! R Trauma ! R Rubeosis ! R Post synch              ! R PI 

  ! L Normal  ! L Trauma ! L Rubeosis ! L Post synch              ! L PI 

 
D13. 
Interferometry  

              no need to perform (can see 6/18)        ! R       ! L 

 can see 0.06        ! R       ! L 
can see 0.12        ! R       ! L 
can see 0.32        ! R       ! L 
can see 0.50        ! R       ! L 
can see 0.63        ! R       ! L 
can see 0.80        ! R       ! L 

 

D14. Pupil Reaction to Light ! R Normal          ! R Afferent        ! R Sluggish   ! R Other 
! L Normal           ! L Afferent        !  L Sluggish   ! L Other 

D15. Pupil Size Even Right = Left     ! Yes           ! No 

D16. Pupil Shape Both Round ! Yes           ! No 

 
Instill Anaesthetic Eye Drops and fluorescein in each Eye 

 
D17. Intraocular 
Pressure  R  _________mmHg L _________mmHg 

 Comments  

D18. Time IOP 
Measured ________Hours ________ Minutes 
 
Instill dilating drops in each eye (Mydriacil and Phenylephrine, twice 1 drop in each eye) 
 
 Drops Instilled  !  Yes          Time:_______      
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Step 4 – Lifestyle questionnaire and dietary assessment  
(step 4 for everyone, during dilation, 4 HEOs, 45 minutes) 

 

LIFESTYLE QUESTIONNAIRE 

E1. Before you were in prison how often 
did you eat fruit and vegetables (on list)? 

! never (if never, skip next question) 
! less than once per week 
! 1-3 times per week 
! 4-6 times per weekù 
! everyday 

V
eg

et
ab

le
s 

E2. Where did your household get most 
of its fruit and vegetables? 

! grew them ourselves     
! bought from market 
! bought from supermarket 
! did not eat fruit and vegetables 
! other _______________________________________ 
! unsure/don’t know 

W
at

er
 

E3. Before you were in prison where did 
your household get its drinking water?  

! town supply 
! rainwater 
! well 
! stream/river/lake 
! unsure/don’t know 

E4. Before you were in prison did you eat 
cassava? 

! no 
! yes   ! E4b        How often did you eat cassava? 

! less than once per week 
! 1-3 times per week 
! 4-6 times per week 
! everyday 

C
as

sa
va

 

E5. Now that you are in prison do you eat 
cassava? 

! no 
! yes   ! E5b       How often do you eat cassava? 

! less than once per week 
! 1-3 times per week 
! 4-6 times per week 
! everyday 

To
ba

cc
o 

be
fo

re
 p

ris
on

 

E6. Before you were in prison did you 
smoke tobacco? 

! no 
! yes   E6b !      How often did you smoke tobacco? 

! less than 3 times per month 
! 1-2 times per week 
! 3-6 times per week 
! 1-5 times per day 
! 6-10 times per day 
! 11-20 times per day 
! more than 20 times per day  

E6c !   What type of tobacco did you smoke? 
! commercially processed tobacco with 
filter 
! commercially processed tobacco 
without filter 
! locally grown and unprocessed tobacco 
! unsure/don’t know 

E6d !    At what age did you start smoking  
tobacco? 
_________________years  old 

E6e !  Did you quit smoking tobacco before you  
             were in prison? 

! no 
! yes, quit at ____________years old  
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To
ba

cc
o 

in
 p

ris
on

 

E7. Now that you are in prison do you 
smoke tobacco?  

! no 
! yes   E7b!   How often do you smoke tobacco? 

! less than 3 times per month 
! 1-2 times per week 
! 3-6 times per week 
! 1-5 times per day 
! 6-10 times per day 
! 11-20 times per day 
! more than 20 times per day  
 

E7c!    What type of tobacco do you smoke? 
! commercially processed tobacco with 
filter 
! commercially processed tobacco 
without filter 
! locally grown and unprocessed tobacco 
! unsure/don’t know 

E8. Before you were in prison did you 
smoke marajuana? 

! no 
! yes    E8b!  How often did you smoke marajuana? 

! less than 3 times per month 
! 1-2 times per week 
! 3-6 times per week 
! 1-5 times per day 
! 6-10 times per day 
! more than 11 times per day 

E8c!   At what age did you start smoking  
marajuana? 
_________________years  old 
 

E8d ! Did you quit smoking marajuana before you  
were in prison? 
! no 
! yes, quit at  ____________years old 

M
ar

aj
ua

na
 

E9 Now that you are in prison do you 
smoke marajuana? 

! no  
! yes   E9b!   How often do you smoke marajuana? 

! less than 3 times per month 
! 1-2 times per week 
! 3-6 times per week 
! 1-5 times per day 
! 6-10 times per day 
! more than 11 times per day 

E10. Before you were imprisoned, did you 
use injected drugs? 

! no  
! yes   E10b ! What kind? ____________________ 

In
je

ct
ed

 D
ru

gs
 

E11. Now that you are in prison do you 
use injected drugs? 

! no  
! yes    E11b !  What kind? __________________ 
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E12. Before you were in prison did you 
drink alcohol? 

! no 
! yes   E12b ! At what age did you start drinking alcohol? 

_________________years  old 
 

E12c!         Did you stop drinking alcohol before 
you were in prison? 

! no 
! yes, quit at ____________years old 

E13. Before you were in prison did you 
drink  commercially processed and 
bottled beer? 
(bottle = 330mL) 

! no  
! yes  E13b ! How much did you drink? 

! less than one bottle/can per day 
! 1-2 bottles/cans per day 
! 3-4 bottles/cans per day 
! 5-10 bottles/cans per day 
! 11-20 bottles/cans per day 
! more than 20 bottles/cans per day 

E14. Before you were in prison did you 
drink home-made alcohol? 
(bottle = 500mL) 

! no  
! yes    E14b!      How much did you drink? 

! less than 1/4 bottle per day 
! 1/2 bottle per day 
! 3/4 bottle per day 
! 1 bottle per day 
! more than 1 bottle per day 

E15. Before you were in prison did you 
drink wine? 
(glass = 150mL) 

! no  
! yes    E15b!       How much did you drink? 

! less than one glass per day 
! 1-2 glasses per day 
! 3-4 glasses per day 
! 5-10  glasses  per day 
! more than 10 glasses  per day 

A
lc

oh
ol

 b
ef

or
e 

pr
is

on
 

E16. Before you were in prison did you 
drink commercially produced spirits? 
(1 serving= 1 shot or 1 mixed drink (cup)) 

! no  
! yes   E16b.!      How much did you drink? 

! less than one serving per day 
! 1-2  servings per day 
! 3-4  servings per day 
! 5-10  servings  per day 
! more than 10 servings per day 

E17. Now that you are in prison do you 
drink  commercially processed and 
bottled beer? 
(bottle = 330mL) 

! no  
! yes    E17b.!      How much do you drink? 

! less than one bottle/can per day 
! 1-2 bottles/cans per day 
! 3-4 bottles/cans per day 
! 5-10 bottles/cans per day 
! 11-20 bottles/cans per day 
! more than 20 bottles/cans per day 

A
lc

oh
ol

 in
 p

ris
on

 

E18. Now that you are in prison do you 
drink home-made alcohol? 
(bottle = 500mL) 

! no  
! yes    E18b!  How much do you drink? 

! less than 1/4 bottle per day 
! 1/2 bottle per day 
! 3/4 bottle per day 
! 1 bottle per day 
! more than 1 bottle per day  
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E19. Now that you are in prison do you 
drink wine? 
(glass = 150mL) 

! no  
! yes    E19b!    How much wine do you drink? 

! less than one glass per day 
! 1-2 glasses per day 
! 3-4 glasses per day 
! 5-10  glasses  per day 
! more than 10 glasses  per day 

A
lc

oh
ol

 in
 p

ris
on

 (c
on

t.)
 

 

E20. Now that you are in prison do you 
drink commercially produced spirits? 
(1 serving= 1 shot or 1 mixed drink) 
 

! no  
! yes    E20b !  How much spirits do you drink? 

! less than one serving per day 
! 1-2  servings per day 
! 3-4  servings per day 
! 5-10  servings  per day 
! more than 10 servings per day 

E21. Before you were imprisoned in 
prison, did you chew betel nut (buai)? 

! no 
! yes   E21b!      How often did you chew? 

! less than one per day 
! 1-5 nuts a day 
! 6-10 nuts a day   
! 11-20 nuts a day  
! more than 20 nuts a day  

 
E21c !          At what age did you start chewing? 

 
Age: _________________years  old 
 

E21d !    Did you quit chewing before you  
were in prison? 
 
! no 
! yes.   Age: ____________years old 
 

B
et

el
 N

ut
 

E22. Now that you are in prison do you 
chew betel nut (buai) in prison? 

! no 
! yes   E22b!   How many nuts do you chew a day? 

! less than one per day 
! 1-5 nuts a day 
! 6-10 nuts a day   
! 11-20 nuts a day  
! more than 20 nuts a day  

 E23. How often are you a cook in the 
prison? 

! rarely/never 
! 1-3 times per month 
! 1-2 times per week   
! 3-4 times per week  
! 5-6 times per week 
! everyday 

 E24. How often do you get gifts of food 
from visitors? 

! rarely/never 
! 1 time per month 
! 2 times per month 
! 3 times per month  
! every visitor day (once a week) 
 

 E25. Do you avoid eating any food? ! no 
! yes   !        E25b. What foods? _______________ 
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 E26. Do you miss any meals? ! no 

! yes   E26b!        How often?  
! occasionally 
! weekly 
! daily   

 
Why?__________________________ 

 E27. Do you take any nutritional 
supplements? (eg multivitamins, iron) 

! no 
! yes   E27b     What (if known)_________________ 

Dosage (if known)___________(!g) 
Brand (if known)_________________ 
How often? 

! rarely/never 
! 1-3 times per month 
! 1-2 times per week   
! 3-4 times per week  
! 5-6 times per week 
! everyday 

 E28. How often do you get 
vegetables/fruit from the prison garden? 

! rarely/never 
! 1-3 times per month 
! 1-2 times per week   
! 3-4 times per week  
! 5-6 times per week 
! everyday 



     Participant ID number: 

 

DIETARY Assessment - 24-hour food recall form 
Day of the week food eaten (circle one):  Sun   Mon   Tues   Wed   Th   Fri   Sat 

Time Eaten? Food or Drink Details and brand 
Preparation and cooking 

method 
Anything added? 

Did you eat 
all of this? 

Amount eaten  
(and units) 

N/A 

    ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

N/A 

   ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

E
29

. B
ef

or
e 

B
re

ak
fa

st
 

N/A 

   ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

! no  
! yes    
 

Biscuit/cracker ! Lae Navy Bisket 
! Snax Chicken Cracker 
! Paradise Butter Cracker 
! Other brand 
____________________ 
 
! Don’t know (describe) 
_____________________ 

! Not cooked 
 
! Other 
 
____________ 
 
 

! no 
! yes 
 
(add new line) 

! no 
! yes 
 

! 1 biscuit 
! 2 biscuits 
! 3 biscuits 
! 4 biscuits  
 
! other   
 
__________biscuits 

! no  
! yes    
 

Tea ! No 1 tea 
 
! Other brand 
____________________ 
 
! Don’t know (describe) 
 
_____________________ 

! Boiled in water  
 
! Other 
 
_____________ 

! sugar 
! other 
 
(add new line) 

! no 
! yes 
 

! ! cup 
! 1 cup 
! 2 cups 
! 3 cups 
 
!other   
 
__________cups 

E
30

. B
re

ak
fa

st
 

extra     ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 
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Time Eaten? Food or Drink Details and brand 
Preparation and cooking 

method 
Anything added? 

Did you eat 
all of this? 

Amount eaten  
(and units) 

extra    ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

B
re

ak
fa

st
 c

on
tin

ue
d 

extra    ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

N/A 

   ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

E
31

. B
et

w
ee

n 
B

re
ak

fa
st

 a
nd

 lu
nc

h 

N/A 

   ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

! no  
! yes    
 

Rice ! Trukai brand “Roots rice” 
! Other brand 
 
____________________ 
 
! Don’t know (describe) 
 
 

! Boiled in water  
 
! Other 
 
_____________ 

! no 
! yes 
 
(add new line) 

 ! rice A (300g) 
! rice B (400g) 
! rice C (500g) 
! rice D (600g) 
 
! other  
__________Unit____ 

E
32

. L
un

ch
 

! no  
! yes    
 

Tuna ! Diana brand, canned 
! Other brand 
 
____________________ 
 
! Don’t know (describe) 
 
 
 

! Uncooked  
 
! Other 
 
_____________ 

! no 
! yes 
 
(add new line) 

 ! blue plastercine 
    (25g) 
! red plastercine  
    (50g) 
! green plastercine  
    (75g) 
! yellow plastercine  
   (100g) 
! other  
__________Unit____ 



     Participant ID number: 
 

 

Time Eaten? Food or Drink Details and brand 
Preparation and cooking 

method 
Anything added? 

Did you eat 
all of this? 

Amount eaten  
(and units) 

! no  
! yes    
 

Corned Beef ! Globe brand, canned 
! Other brand 
 
____________________ 
 
! Don’t know (describe) 
 
_____________________ 
 

! Uncooked  
 
! Other 
 
_____________ 

! no 
! yes 
 
(add new line) 

 ! blue plastercine 
    (25g) 
! red plastercine  
    (50g) 
! green plastercine  
    (75g) 
! yellow plastercine  
   (100g) 
! other  
_________________ 
 
Unit_____________ 

! no  
! yes    
 

Water ! From tap 
! Other 
 
____________________ 
 
 
 

 ! no 
! yes 
 
(add new line) 

 ! ! cup 
! 1 cup 
! 2 cups 
! 3 cups 
!other  
________cups 
 
    or     
________handfuls 

! no  
! yes    
 

Salt ! Crystal brand, iodised 
! Other 
 
____________________ 
 
! Don’t know (describe) 
 
_____________________ 
 

 ! no 
! yes 
 
(add new line) 

 ! 1 pinch 
! 2 pinch 
! 3 pinch 
! other  
 
___________pinch 
    
     or__________tsp 

extra    ! no 
! yes 
(add new line) 

! no 
! yes 
 

 
 
Unit_____________ 

E
33

. L
un

ch
 C

on
tin

ue
d 

extra    ! no 
! yes 
(add new line) 

! no 
! yes 
 

 
Unit_____________ 
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Time Eaten? Food or Drink Details and brand 
Preparation and cooking 

method 
Anything added? 

Did you eat 
all of this? 

Amount eaten  
(and units) 

N/A 

   ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

E
34

. B
et

w
ee

n 
lu

nc
h 

an
d 

ev
en

in
g 

m
ea

l 

N/A 

   ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

! no  
! yes    
 

Rice ! Trukai brand “Roots rice” 
! Other brand 
 
____________________ 
 
! Don’t know (describe) 
 
_____________________ 
 

! Boiled in water  
 
! Other 
 
_____________ 

! no 
! yes 
 
(add new line) 

 ! rice A 
! rice B 
! rice C 
! rice D 
 
! other  
________________ 
 
Unit_____________ 

! no  
! yes    
 

Tuna ! Diana brand, canned 
! Other brand 
 
____________________ 
 
! Don’t know (describe) 
 
_____________________ 
 
 

! Uncooked  
 
! Other 
 
_____________ 

! no 
! yes 
 
(add new line) 

 ! blue plastercine 
    (25g) 
! red plastercine  
    (50g) 
! green plastercine  
    (75g) 
! yellow plastercine  
   (100g) 
! other______Unit___ 

E
35

. E
ve

ni
ng

 

! no  
! yes    
 

Corned Beef ! Globe brand, canned 
! Other brand 
 
____________________ 
 
! Don’t know (describe) 
 
_____________________ 

! Uncooked  
 
! Other 
 
_____________ 

! no 
! yes 
 
(add new line) 

 ! blue plastercine 
    (25g) 
! red plastercine  
    (50g) 
! green plastercine  
    (75g) 
! yellow plastercine  
   (100g) 
__________Unit____ 
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Time Eaten? Food or Drink Details and brand 
Preparation and cooking 

method 
Anything added? 

Did you eat 
all of this? 

Amount eaten  
(and units) 

! no  
! yes    
 

Water ! From tap 
! Other 
 
____________________ 
 

 ! no 
! yes 
 
(add new line) 

 ! ! cup 
! 1 cup 
! 2 cups 
!other  
________cups 
 
    or     
________handfuls 

! no  
! yes    
 

Salt ! Crystal brand, iodised 
! Other 
 
____________________ 
 
! Don’t know (describe) 
 
_____________________ 
 

 ! no 
! yes 
 
(add new line) 

 ! 1 pinch 
! 2 pinch 
! 3 pinch 
 
! other  
 
___________pinch 
    
     or__________tsp 

E
36

. E
ve

ni
ng

 

extra    ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

N/A 

   ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

E
37

. A
fte

r e
ve

ni
ng

 
m

ea
l b

ef
or

e 
sl

ee
p 

N/A 

   ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

E
38

. 
O

th
er

 

N/A 

 
 

     
 
 
Unit_____________ 
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E39. Were you a cook this day?   !no  
!yes 

     
 
E40. Was your food intake usual this day? !no  

!yes  !         how was it different?  !more than usual 
      !less than usual 
      

explain_________________________________________________ 
 
E41.Did you have any tablets on this day? !no  

!yes  !         what did you have?  !vitamin 
      !iron 
      !other tablet 
      !malaria 
      !other medication 
 
      

dose______________!g brand ________________ 
 

 
E42. Were you been given gift food or drink on the last visiting day? !no (interview completed) 

!yes (ask questions on next page) 
 
 

E42b. Day of the week visited: _________________ 
 

E42c. Day (s) of the week food eaten:   __________________ 
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Gift Food or Drink Details and brand 
Preparation and 
cooking method 

Anything added? 
Did you eat 
all of this? 

Amount eaten  
(and units) 

1    ! no 
! yes 
 

(add new line) 

! no 
! yes 
 

 
Amount __________ 
 
Unit _____________ 

2    ! no 
! yes 
 

(add new line) 

! no 
! yes 
 

 
Amount __________ 
 
Unit _____________ 

3    ! no 
! yes 
 

(add new line) 

! no 
! yes 
 

 
Amount __________ 
 
Unit _____________ 

4 
 

   
 

! no 
! yes 
 

(add new line) 

! no 
! yes 
 

 
Amount __________ 
 
Unit _____________ 

5    ! no 
! yes 
 

(add new line) 

! no 
! yes 
 

 
Amount __________ 
 
Unit _____________ 

6    ! no 
! yes 
 

(add new line) 

! no 
! yes 
 

 
Amount __________ 
 
Unit _____________ 

 



   
  Participant ID number: 

 

 

Step 6 – Eye health tests with doctor (after dilation) 
(step 6 for everyone, 1 doctor & 1 nurse & BT, 10 minutes) 

 
! R Normal  ! R PXF     

  ! R Significant* NS    ! R Significant* cortical      ! R Significant* PSCLO  

  ! R NON-significant* cataract in the pupillary/axial region 

F1. Lens 
  

*significant=reduces vision  
to worse than 6/18 

  ! R Aphakia: ICCE   ! R Aphakia: ECCE   ! R Aphakia (nat. lens disloc. vit)  

    ! R Pseudophakia with significant* PCO  

    ! R Pseudophakia w NON-significant* PCO  ! R Pseudophakia without PCO 

    ! R No view of lens     

  ! L Normal  ! L PXF     

    ! L Significant* NS ! L Significant* cortical      ! L Significant* PSCLO 

    ! L NON-significant* cataract in the pupillary/axial region   

    ! L Aphakia: ICCE   ! L Aphakia: ECCE   ! L Aphakia (nat. lens disloc. vit)  

    ! L Pseudophakia with significant* PCO    

    ! L Pseudophakia w NON-significant* PCO  ! L Pseudophakia without PCO 

    ! L No view of lens     

! R Normal (adequate view)  ! R Yes, pupil/lens obstructs view  F2. Pupil/Lens 
prevents fundus 
exam? ! L Normal (adequate view)  ! L Yes, pupil/lens obstructs view  

* if yes remainder 
of exam will be 

blank for that eye  

F3. Vitreous  ! R Normal for age  ! R Haemorrhage   ! R Other Comment: 

  ! L Normal for age  ! L Haemorrhage   ! L Other   

F4. Optic Disc R vertical cup disc ratio:    _____      

  L vertical cup disc ratio:    _____     

  ! R Normal  ! R Endstage glauc  ! R Not ISNT   ! R Disc haeme    ! R beta atrophy  

   ! R NVD      

  

 

! R Non glaucoma optic atrophy 
! R obvious complete atrophy 
! R obvious incomplete atrophy 
! R possible pallor (diffuse) 
! R possible pallor (sectoral) 
! R selective temporal rim tissue loss  
! R absence of small blood vessels on disc 

   ! R Other   Comment:   



   
  Participant ID number: 

 

 

 
F4. Optic Disc (cont.)  ! L Normal  ! L Endstage glauc   ! L Not ISNT   ! L Disc haeme    ! L beta atrophy  

   ! L NVD      

  
 

! L Non glaucoma optic atrophy 
! L obvious complete atrophy 
! L obvious incomplete atrophy 
! L possible pallor (diffuse) 

! L possible pallor (sectoral) 
! L selective temporal rim tissue loss 
! L absence of small blood vessels 
on disc 

   ! L Other     Comment: 

 L/R colour 
symmetry 

! symmetrical ! R more pale ! L more pale 
 

F5. Macula ! R Normal  ! R AMD ! R Other  Comment:   

(excludes diabetes) ! L Normal  ! L AMD   ! L Other     

F6. Diabetic  
Maculopathy  
(within 2DD of foveola) 

! R Normal    ! R Abnormal  
! L Normal    ! L Abnormal  

F7. Diabetic 
Retinopathy  
(other than macula) 

! R Normal    ! R Abnormal  
! L Normal    ! L Abnormal  

F8. Retinal Vessels  ! R Normal  ! R CRVO  ! R BRVO  ! R Other Comment: 

(excludes diabetes) ! L Normal  ! L CRVO  ! L BRVO  ! L Other   

F9. Photography Central Field Photo Completed  R: ! Yes   !  No  L: ! Yes   !  No    

F10. FDT Visual 
field screening 
(C-20-1 screening) 
 

Done:   R ! Yes    !  No (VA < 6/60) 
             L: ! Yes   !  No (VA < 6/60) ATTACH FDT PRINTOUT HERE 

F11. FDT screening 
test result 
 

! R Normal 
! R Unsatisfactory for Diagnosis (after 2 attempts R) 
! R Abnormal, satisfactory, consistent with optic neuro 
! R Abnormal, satisfactory test consistent with other  

! L Normal 
! L Unsatisfactory for Diagnosis (after 2 attempts L) 
! L Abnormal, satisfactory, consistent with optic neuro 
! L Abnormal, satisfactory, consistent with other  

 
SATISFACTORY = max 1/3 fix losses AND max 1/3 false positives AND max 1/3 false negatives  
ABNORMAL =        1 of 5 central spaces w any level of defect OR 2 peripheral squares w mild defects  OR 
                               1 peripheral square w moderate/severe defects 
F12. FDT full 
threshold 
(N-30 threshold) 
 

! R Not done (normal screening or abnormal but not 
consistent with optic neuropathy) 
 
! R done (screening is abnormal, satisfactory and 
consistent with optic neuropathy) 

!  L Not done (normal screening or abnormal but not 
consistent with optic neuropathy) 
 
!  L done (screening is abnormal, satisfactory and 
consistent with optic neuropathy) 

 

 ATTACH FDT PRINTOUT HERE 

F13. 
Autorefraction 
(after dilation) 

R sph:________ R cyl:________ R axis:________   

  
L sph:________ L cyl:________ L axis:________ 

  

ATTACH 
AUTOREF 
PRINTOUT 
HERE 

R K1:_________ R K2:_________ R Axis: _______ 

 

ATTACH 
KERATO 
PRINTOUT 
HERE 

F14. Keratometry 
(dioptres)  

L K1:_________ L K2:_________ L Axis: _______    



   
  Participant ID number: 

 

 

Diagnoses & Causes of vision less than 6/18 
List ALL diagnoses of conditions of clinical significance  
(including NON-VISION THREATENING conditions)  
(these are the conditions that previously or currently would be expected to require a clinic consultation) 
R1:     L1     
         
R2:   L2:    
         
R3:   L3:     
         
R4:   L4:    
         
R5:   L5:     
         
 
 

 

ALL vision threatening conditions present 
that if EACH were the SOLE condition 
present IT would reduce vision to less than 
6 /18 (indicate ALL conditions for EACH eye 
for which the vision IS less than 6 /18) 

PRINCIPAL cause of vision less than 6/18 
(indicate ONE ONLY for EACH eye for 
which the vision IS less than 6 /18) 

Normal (vision NOT less than 6/18) ! R       ! L ! R       ! L 

Not examined    ! R       ! L ! R       ! L 

Cataract   ! R       ! L ! R       ! L 

Refractive error    ! R       ! L ! R       ! L 

Uncorrected aphakia    ! R       ! L ! R       ! L 

Surgery related complications ! R       ! L ! R       ! L 

Pterygium    ! R       ! L ! R       ! L 

Phthisis or absent globe    ! R       ! L ! R       ! L 

Trauma    ! R       ! L ! R       ! L 

Trachomatous corneal opacity  ! R       ! L ! R       ! L 

Other corneal opacity    ! R       ! L ! R       ! L 

Glaucoma    ! R       ! L ! R       ! L 

Diabetic retinopathy    ! R       ! L ! R       ! L 

Diabetic maculopathy    ! R       ! L ! R       ! L 

Macular (eg; AMD, hole: not 
diabetes) ! R       ! L ! R       ! L 

Retinovascular (not diabetes) ! R       ! L ! R       ! L 

Other post. segment disorder  ! R       ! L ! R       ! L 

Other (indicate the condition) ! R: _________     !L:____________ ! R: _________     ! L:___________ 

 
Referral to MGH Eye unit: ! not required     ! general exam       ! refraction 

 
Comment:  



   
  Participant ID number: 

 

 

Step 7 – Final step 
 

1. Thank participant for being involved in the study today 
2. Explain to participant that the dilation drops in their eyes will return to normal in a few hours 
3. Check if referral needed 
4. If referral needed, mark ID number on appropriate list(s): 

a. to prison aid post 
b. to hospital (general medicine) 
c. to eye clinic (general exam) 
d. to eye clinic (refraction) 

5. Instruct patient with referral instructions if required 
6. Explain to the patient that blood collection will take place in third week of May 
7. Mark the time the participant finishes on the participant tracking sheet 
8. Ensure that all pages have participant ID number marked in top margin 
9. Ben signs off on all sections completed & tracked 
 



Appendix 4- Guard Dietary Recall Form 
 
DIETARY ASSESSMENT CONTROL STUDY     - 24-hour food recall form    PARTICIPANT ID NUMBER __________________ 
 
Interview Date:  <mm/dd/yy>    __ /___ /___    Day of the week food eaten (circle one):  Sun  Mon  Tues  Wed  Thu  Fri  Sat  
 

Time Place 
Eaten Food or Drink Details and brand Preparation and 

cooking method 
Anything 
added? 

Did you 
eat all of 
this? 

Amount eaten  
(and units) 

 

    ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

 

    ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

 

    ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

 

    ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

 

    ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

 

    ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

 

    ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

 

    ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 



Time Place 
Eaten Food or Drink Details and brand Preparation and 

cooking method 
Anything 
added? 

Did you 
eat all of 
this? 

Amount eaten  
(and units) 

 

 

    ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

 

    ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

 

    ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

 

    ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

 

    ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

 

    ! no 
! yes 
 
(add new line) 

! no 
! yes 
 

 
 
 
Unit_____________ 

 
Was your food intake usual this day? !yes  

!no  !         how was it different?  !more than usual 
     !less than usual 
      

explain_________________________________________________ 
 
Did you have any tablets on this day? !no  

!yes  !         what did you have?  !vitamin 
     !iron 
     !other tablet 
     !malaria 
     !other medication 
      

dose______________!g brand _______________



Appendix 4- Guard Dietary Recall Form 
 
In general, how often do you eat fruit?  ! rarely     Foods:________________________________________________ 
     ! less than once per week    
     ! 1-3 times per week 
     ! 4-6 times per week    ______________________________________________________ 
     ! every day 
     ! two or more times a day 
 
In general, how often do you eat green vegetables? (aibika, spinach, kango leaves , chinese cabbage, cabbage, brocolli, caulifower, pumpkin tips,  
capsicum, green beans, pumpkin, peas, corn, carrot, tomato, onion (spring), ginger, garlic, kidney bean, baked bean, chickpea) 

 ! rarely 
     ! less than once per week   Foods:________________________________________________ 
     ! 1-3 times per week 
     ! 4-6 times per week 
     ! every day     ______________________________________________________ 
     ! two or more times a day 
 
In general, how often do you eat starch vegetables? (cooking banana, English potato, kaukau, taro, Chinese taro, yam, cassava (tapioca), sago) 

! rarely      
     ! less than once per week   Foods:________________________________________________ 
     ! 1-3 times per week 
     ! 4-6 times per week     
     ! every day     ______________________________________________________ 
     ! two or more times a day 
 
In general, how often do you eat fish?  ! rarely     Foods:________________________________________________ 
     ! less than once per week 
     ! 1-3 times per week 
     ! 4-6 times per week    ______________________________________________________ 
     ! every day 
     ! two or more times a day 
 
In general, how often do you eat meat?  ! rarely     Foods:________________________________________________ 
     ! less than once per week 
     ! 1-3 times per week 
     ! 4-6 times per week    ______________________________________________________ 
     ! every day 
     ! two or more times a day 
 
In general, how often do you eat bread, buns or biscuits?   

! rarely     Foods:________________________________________________ 
     ! less than once per week 
     ! 1-3 times per week 
     ! 4-6 times per week    ______________________________________________________ 
     ! every day 
     ! two or more times a day 



 
In general, how often do you eat rice?  ! rarely     Foods:________________________________________________ 
     ! less than once per week 
     ! 1-3 times per week 
     ! 4-6 times per week    ______________________________________________________ 
     ! every day 
     ! two or more times a day 
 
In general, how often do you eat milk or cheese?   

! rarely     Foods:________________________________________________ 
     ! less than once per week 
     ! 1-3 times per week 
     ! 4-6 times per week    ______________________________________________________ 
     ! every day 
     ! two or more times a day 
 
In general, how often do you eat eggs?  ! rarely      
     ! less than once per week 
     ! 1-3 times per week 
     ! 4-6 times per week     
     ! every day 
     ! two or more times a day 
 
In general, how often do you eat nuts?  ! rarely     Foods:________________________________________________ 
     ! less than once per week 
     ! 1-3 times per week 
     ! 4-6 times per week    ______________________________________________________ 
     ! every day 
     ! two or more times a day 
 
How often do eat food cooked in coconut milk? 
     ! rarely      
     ! less than once per week 
     ! 1-3 times per week 
     ! 4-6 times per week     
     ! every day 
     ! two or more times a day 
 
How often do drink kulau?   ! rarely      
     ! less than once per week 
     ! 1-3 times per week 
     ! 4-6 times per week     
     ! every day 
     ! two or more times a day 
 
 
What do you usually drink during the day? ______________________________________________________________________________________ 



Appendix 5 - 24-Hour Dietary Recall Prompt Sheet
Pass 3

Food Questions Cooking method Portion
Biscuits What type of biscuits were they? uncooked number of bisuits

What colour were the biscuits? other____________
Were the biscuits flavoured or plain? If 
flavoured: what flavour?
Did you add anything to the biscuits?
What brand were the bisuits?

Tea Brand of tea? boiled in water number of cups
What type of tea? other____________
How was the tea prepared?
Did you add anything to the tea?

Rice What brand was the rice? shallow fried rice letter
What colour was the rice? boiled in water or
How was the rice cooked? steamed plastercine letter
Did you add anything to the rice? other____________ or

number of cups

Canned Fish What was the type of fish? shallow fried plastercine letter
What brand was the fish? cooked on fire or
Was the fish in oil or brine? other____________ number of cups
Was the fish cooked or uncooked? or
If cooked: what was the method of cooking? number of cups
Did you add anything to the fish?

Canned meat/chicken What kind of meat did you eat? uncooked number of cups
Was the meat flavoured? fried (shallow/deep) or
What brand was the meat? cooked on fire plastercine letter
Was the meat cooked or not? cooked in coconut milk
If cooked, what was the method of cooking? mumu
Did you add anything to the meat? steamed

other____________

Coloured vegetables Type of vegetable? uncooked number of cups
Was the vegetable cooked or not? fried (shallow/deep) or
Were the vegetables bought from the 
market/store or from the garden?

boiled in water plastercine letter

What brand was the vegetable if commercial? cooked in coconut milk or
What colour was the vegetable? mumu number of pieces (small 

medium or large)
Dried or fresh or frozen or canned? steamed
Peeled or unpeeled? cooked on fire
If cooked, what was the method of cooking?
If boiled, was anything added to the cooking 
water?

other____________

Did you add anything to the vegetables?
Starchy Vegetables What type of starchy vegetable? uncooked number of cups

Were the vegetables bought from the 
market/store or from the garden?

fried (shallow/deep) or

Peeled or unpeeled? boiled in water plastercine letter
What colour was the vegetable? cooked in coconut milk or
Were the vegetables cooked or not? mumu number of pieces (small 

medium or large)
If cooked, what was the method of cooking? steamed
If boiled, was anything added to the cooking 
water?

cooked on fire

Did you add anything to the vegetable? other____________
Fruit What type of fruit? r raw ! small/medium/large 

fruit

eg. Navy Biskit, Chicken 
Snax Cracker, Butter 
Cracker, Sweet biscuits eg 
'Nice Time' 'Treat'

eg. black tea, green tea

eg. corned beef, pork 
luncheon, chicken luncheon, 
corned meatloaf, curried 
steak, curried/chilli chicken

eg. Trukai Industries rice

eg. tuna, sardines, mackeral

eg. aibika, spinach, kango 
leaves , chinese cabbage, 
cabbage, brocolli, caulifower, 
pumpkin tips, capsicum, 
green beans, pumpkin, peas, 
corn, carrot, tomato, onion 
(spring), ginger, garlic, kidney 
bean, baked bean, chickpea

eg. taro, chinese taro, 
english potato, kaukau, 
breadfruit, cooking banana, 
yam, cassava (tapioca), sago



What colour was the fruit? fried (shallow/deep) ! small/medium/large 
fruit

Where were the fruits from? Bought from 
market or garden?

cooked in coconut milk 1 small/medium/large 
fruit

Dried or fresh or canned? mumu or number 
small/med/large fruit(s)

What brand if canned? other____________
Did you add anything to the fruit?
Was the fruit peeled or unpeeled? or
Did you eat every partl of the fruit or did you 
throw something away?

plastercine letter

Meat/chicken (not canned) Kind of meat? uncooked plastercine letter
Part of the animal? fried (shallow/deep) or
Cooked or not cooked? mumu number of cups
How was the meat cooked? boiled in water
Were there bones or no bones? cooked in coconut milk
Skin/ no skin?
Did you add anything to the meat?
Did you eat all of the meat? other____________

Fish/seafood (not canned) Name of fish/seafood? uncooked plastercine letter
What part of the fish was it? fried (shallow/deep) or
Cooked or not cooked? mumu number of cups
How was the fish cooked? boiled in water
Did you add anything to the fish? cooked in coconut milk
Were there bones/shell/skin? other____________
Did you eat all of the meat?

Nuts What type of nut was it? uncooked number of nuts
Was the nut shelled or unshelled? roasted or
Was the nut raw or cooked? fried number of cups
If cooked, what was the method of cooking? other____________
Did you add anything to the nut?

Bread/buns Colour of bread? (white or brown) uncooked number slices
Homemade or bought? toasted number rolls 

(large/medium/small)
Sliced/rolls? fried (shallow/deep) number buns 

(large/medium/small)
Iced/ not iced?
Topping or condiments (spread added)?
Brand name (if commercial)

Drinks Type of drink? uncooked number of cups
Brand name? other____________ number of cans

Canned/bottled/carton/coconut? number of bottles
fruit juice: sweetened or unsweetened?
water: tap water/bought
Did you add anything to the drink?

Salt/Spices/Herbs Fortified/Not fortified number of pinches
Egg How was the egg cooked? fried (shallow/deep) number of eggs

Anything added to the egg? boiled
Bought food Brand name?

Product name?
Flavour?
Where bought?
How was it cooked?

Spreads/condiments Brand name? uncooked number of Tbsp
Product name? other____________ number of tsp
Flavour?
Where bought?
How was it cooked?

eg. avocado, eating banana, 
coconut, orange, pomelo, 
guava, strawberry, sour sop, 
orange, mango, sugar fruit, 
sugar cane, paw paw, 
watermelon, passionfruit, 
pineapple, custard apple, 
lemon, lime, malay apple, 
mandarin orange, rambutan, 
starfruit, saporo

eg. chicken,pig, lamb

eg. tuna, reeffish

eg. peanuts, cheese nuts, 
betel nut, okari nuts, 
pandanus nuts

eg. sliced bread, rolls, buns

eg. kulau (coconut milk), soft 
drink (sprite), sugar cane, 
squash, fruit juice, milk, beer, 
wine, homebrew, spirits, 
water

eg. tomato sauce, peanut 
butter, jam, butter

eg. noodles, soup, chips, 
meat pie, cheese, ice cream, 
sandwich, sweets, hot chips


