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“If we could give every individual the right amount of nourishment and exercise, not too 

little and not too much, we would have found the safest way to health.” 

Hippocrates 
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Abstract 

Introduction 

Obesity is a major health problem in western society with rapidly increasing prevalence in 

most countries.  The healthcare burden of obesity is far reaching but many of the 

consequences are yet to be fully understood.  While there is a perception that obesity 

negatively impacts on outcomes following colorectal surgery there is conflicting evidence for 

this. 

 

Aims 

To assess the perception of New Zealand General Surgeons of the impact of obesity on 

outcomes following major colorectal surgery and to compare this to the current literature. 

To determine whether obesity impacts on the outcomes following major colorectal surgery. 

To determine whether obesity impacts on the cost of treating patients undergoing major 

colorectal surgery. 

 

Methods 

 Members of the New Zealand Association of General Surgeons were surveyed by mail.  

Surgeons were asked to respond to statements provided regarding the impact of obesity on 

outcomes following major colorectal surgery. The surgeon’s responses were compared with recent 

literature. 

Between February 1
st
, 2008 and July 31

st
, 2009, patients undergoing major colorectal surgery 

at public and private hospitals in Christchurch and Invercargill, New Zealand were enrolled.  

Following informed consent, BMI, waist circumference, and waist-hip ratios were assessed.  

High risk patients were identified using established criteria as well as ASA and P-POSSUM. 

Complications were identified according to established criteria.  Patients were grouped 

according to BMI categories and recognised cut-offs for waist measurement and waist-hip 

ratios. 

Using the database described above a Cost analysis was performed on all patients treated at 

Christchurch public hospital using a SQL database.  The cost of treatment was analysed with 

respect to the same BMI, waist circumference and waist-hip ratio cut-offs. 
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Results 

More than 90% of surgeons agreed or strongly agreed that obese patients are at greater risk of 

wound infection, cardiac, pulmonary, and thrombo-embolic risk, as well as overall morbidity, 

mortality and hospital cost.  A literature review found evidence of increased risk of wound 

infection, anastomotic leak, and pulmonary and thrombo-embolic risk.  There was mixed 

evidence or no evidence that obesity increases cardiac risk, sepsis, overall morbidity and 

mortality or overall cost. 

A cohort of 415 patients was enrolled and following exclusions 388 were analysed.  Diabetes 

was more common with increased BMI (p=0.004). Other categories of operative risk were not 

different. ASA and P-POSSUM mortality scores were greater in the underweight group 

(p=0.026 and p=0.016).  There was no difference in overall morbidity (p=0.095) however 

there were higher rates of more severe morbidity in the obese groups defined by BMI and 

waist circumference (p=0.049 and p=0.009). 

372 patients were enrolled in the costing study and following exclusions 345 were analysed.  

The incidence of diabetes was significantly higher with increased BMI (p=0.002) however all 

other comorbidities were not different. Obese patients were more expensive than normal 

weight patients ($20,072 versus $14,780(p<0.05)).  Obese patients defined by waist 

circumference also cost significantly more ($20,126 versus $15,672 (p=0.014)). 

 

Conclusion 

The survey found that surgeons believe that obese patients are at increased risk of mortality, 

increased cost of treatment and all complications except anastomotic leak. Those views are 

not always supported by current evidence. 

This study demonstrates that obesity, measured by BMI and waist circumference, is not 

associated with increased overall morbidity but is associated with more severe morbidity. I 

have also demonstrated that excess body fat as measured by BMI is associated with a 

significantly increased cost of treatment (36%) for patients undergoing major colorectal 

surgery. 
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Chapter 1 

Introduction:  

1.1  The Obesity Epidemic 

   

Obesity is the abnormal accumulation of body fat to the extent that it may have an 

adverse effect on health. Obesity is now the most common nutritional disorder in the 

developed world and the incidence has trebled over the past three decades.[1]   In 

2008 an estimated 1.46 billion people were overweight (BMI≥25) and more than half 

a billion of those were obese (BMI≥30).[2]  

In the United Sates the prevalence of obesity has increased from 15% to 34% 

between 1980 and 2008, and in Canada, England and Australia more than 50% of the 

population is overweight or obese.[3-7]  The developing world is not immune and 

even China has noted an increase in obesity from 3.6% to 7.1% over 10 years.[8] 

In New Zealand 27% of the population is obese while a further 36% is overweight. 

The rate of obesity is consistent across socioeconomic levels however the Pacific 

Island and Maori populations are particularly affected with 64% and 42% 

respectively of their adult population being obese.  Males have a higher incidence of 

being overweight while the rate of obesity is similar between males and females.[9]  

Obesity is not just a disease of the adult population.  In New Zealand nearly 30% of 

children aged 2-14 are overweight or obese. Once again Maori and Pacific children 

are at highest risk with obesity affecting 12% and 23% respectively.[9] Many have 

described obesity as an epidemic and suggest the long term consequences of our 

rising rate of obesity may reverse the life expectancy of our population for the first 

time in history.  

Overweight and obesity are risk factors for a number of chronic and life limiting 

diseases including diabetes, heart disease and cancer. It has been estimated to be 

directly responsible for 3 million deaths annually.[2, 10] While there is some 

evidence that the prevalence of obesity is beginning to plateau the rate of secondary 

diseases is expected to continue to rise.[6] 

 The management of obese patients on a day to day basis is a challenge for all health 

care professionals however we need to prepare for the greater health needs of an 
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increasingly obese population. It is therefore important that we better understand the 

impact of obesity on health outcomes both outside and within our health care system. 

 

 

1.2 Aetiology 

Obesity is an incredibly complex disease with respect to its aetiology.  At its simplest 

level obesity develops when there is longstanding surplus of caloric intake over 

energy expenditure.  Unfortunately such a simplistic view ignores the many 

environmental, social, psychological, and genetic factors which play a roll.  The 

difficulty when investigating obesity is separating these variables from each other. 

There is no doubt that there is a genetic component to the development of obesity 

and genetic pathways which lead to increased susceptibility to obesity have been 

described.  Twin studies have demonstrated a two-fold greater correlation between 

monozygotic twins than dizygotic twins and studies of twins reared apart have 

attributed 50-70% of BMI to genetic factors.[11, 12]  Adoption studies have 

demonstrated a strong correlation between adoptees and their biological parents 

across all BMI but no correlation with their adoptive parents.[13, 14] The 

overwhelming body of evidence suggests that obesity is a polygenic condition and  

no single gene defect has been identified in humans that results in obesity.[15]   

Unfortunately the rapid increase in the prevalence of obesity over the last few 

decades cannot be explained by genetics and suggests that environmental factors are 

the primary cause of obesity.[16]  Multiple studies of migrant populations have 

revealed significant differences in the rates of obesity of genetically similar 

populations.  For example the Pima Indians living in the United States are on average 

25kg heavier than those living in Mexico.[17]  

The environmental influences must act by either increased energy intake or 

decreased expenditure. Despite our increasingly sedentary lifestyle the evidence that 

decreased energy expenditure contributes much towards global obesity is not strong. 

Obese individuals require more energy to perform equivalent tasks and despite 

common misconceptions, obese individuals have a higher basal metabolic rate and 

total energy expenditure than non-obese. Obese individuals seem to have a 

disconnect between energy requirement and intake while lean individuals are able to 

match their intake to wide variations of energy expenditure. [18] 



12 
 

Obese individuals undoubtedly have an increased caloric intake however research 

into this is confounded by the difficulty in assessment due to significant 

underreporting of intake.  In a study comparing reported energy intake with energy 

expenditure measured using a doubly labelled water technique, the reported intake 

was 36% lower than expenditure in the obese group while reported intake and 

expenditure closely matched in normal weight subjects.[19] Under-reporting is so 

reliably observed in the obese  that it may in fact represent part of the true aetiology 

of obesity through a failure of obese people to acknowledge their true intake on 

either a conscious or subconscious level. 

Satiety seems to be impaired in obese individuals however it is not clear through 

what mechanism this occurs.  Multiple gut peptides are involved and all play a role 

in satiety however no single peptide has been identified as the cause of obesity.  

Leptin and Ghrelin are novel gut peptides which together help to regulate food intake 

and weight homeostasis. Increased leptin results in satiety and weight loss while 

increased ghrelin results in overeating and weight gain. Unfortunately in the obese 

both are appropriately secreted with leptin levels being high and ghrelin levels being 

low. [20, 21] The exception to this is in Prader-Willi syndrome in which ghrelin is 

over-secreted leading to hyperphagia and obesity.[22, 23]  What may be occurring in 

standard obesity is leptin resistance where chronic exposure to high levels of leptin 

decreases the sensitivity of hypothalamic and other leptin receptors resulting in a 

new set point.  This new leptin set point may explain the difficulty in losing weight 

once obesity is established.[20] 

Although the prevalence of obesity is rising, the change in body size is not just 

affecting one section of the population.  The prevalence of overweight has increased 

at a similar rate and the mean BMI of the whole population has increased markedly 

over the past three decades.[24]  Such changes aren’t explainable by individual 

genetic or metabolic abnormalities and are better explained by the environmental 

impact on the human condition.  Humans have developed predominantly through 

periods of food shortage rather than food excess and have therefore been 

“programmed” to accept and store food rather than refuse it.[25]   The availability of 

larger amounts of heavily marketed calorie dense food has therefore had a major 

effect on society.  In the United States the food supply chain produces more than 

3,800 kcal per person per day which is nearly twice the recommended adult intake. 

Encouraging Americans to consume this amount of food has resulted in 30 billion 
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dollars of advertising annually, more than any other industry.  Other strategies the 

food producers have employed include increasing portion size, increasing availability 

and increasing fat and sugar content.  In the United States only 38% of meals eaten 

are “home made” and sugar and fat account for more than half the total dietary 

energy intake.[26] Fat and sugar are known to have poor satiating effects particularly 

in the obese.[18] 

While the aetiology of obesity is without a doubt multifactorial the overwhelming 

body of evidence points to societal over eating as the primary cause.  It has been 

calculated that it only requires an increase of 3.7 kcal a day for men and 12.7 kcal a 

day for women to explain the rise in obesity between 1980 and 1994.[27]  Such 

minor changes can easily be accounted for with our change in eating habits over the 

last 4 decades.  Efforts to treat obesity on an individual level have had varied success 

and have had no impact on populations. From a public health perspective more effort 

must go into reversing the trends of consumption both by encouraging better 

personal choices but also through greater regulatory control of the food chain. 

 

 

1.3 Definition and Measurement of Obesity 

 

The World Health Organisation defines overweight and obesity as abnormal or 

excessive fat accumulation that may impair health.  Overweight and obesity are 

classified according to body mass index (BMI) which is calculated by dividing the 

weight in kilograms by the square of the height in metres. (kg/m
2
) Overweight is 

defined as BMI equal to or more than 25 kg/m
2
, and obesity is a BMI equal to or 

more than 30 kg/m
2
.  These cut-off points are somewhat arbitrary and were never 

intended to provide a benchmark for individual assessment but rather for studying 

populations.  Nevertheless, there is evidence that the risk of chronic disease increases 

progressively from a BMI of 21 kg/m
2
.[10]   

BMI tends to overestimate obesity in males and those with large muscle mass such as 

trained athletes and underestimates obesity in females. There is also evidence that 

BMI overestimates the excess health risk as people age with some protective effect 

seen from overweight and obesity defined by BMI in the elderly.[28-30]  BMI 
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thresholds are also not applicable across all ethnicities and as a result Asians should 

be considered overweight at a BMI of 23 kg/m2 and obese at a BMI of 27.5.[29, 31] 

Many other methods for measuring obesity have been described including 

hydrodensitometry, skin fold measurements, waist:hip ratio, waist circumference,  

CT or MRI volume calculations and sagittal abdominal diameter[29].      

Waist circumference alone and waist:hip ratio are relatively simple to measure 

although there is some inter and intra-observer variability.[32]  Waist circumference 

is measured with a level tape measure at the midpoint between the lowest ribs and 

the top of the iliac crest and the hip measurement should be at the widest point of the 

hips which is usually at the level of the greater trochanters.[33]  Both measurements 

have demonstrated strong correlations with both intra-abdominal fat and risk for 

obesity related diseases.[28, 33-38] Of the anthropometric measures used in the 

INTERHEART study, waist-to-hip ratio demonstrated the strongest relation with the 

risk of myocardial infarction across all subgroups. The authors recommended the 

redefinition of obesity based on waist:hip ratio instead of BMI to increase the 

estimate of myocardial infarction attributable to obesity.[39]  In a meta-analysis 

published in the Lancet the authors suggest anthropometric measures such as waist-

to-hip ratio or waist circumference may be a better measure of cancer risk as well as 

cardiovascular risk.[40] 

While the association with disease is strong there are no clear cut-offs for what waist 

circumference or waist: hip ratio is overweight or obese. The American National 

Institutes of Health have suggested a waist circumference cut-off of 88cm for women 

and 102cm for men to define those as obese.  These cut-offs correspond to a BMI of 

30 and have been validated as a predictor of increased health risk. [24, 41]  The 

WHO expert consultation group were unable to establish clear cut-offs for either 

waist circumference or waist-hip ratio but merely recommended methods for 

determining what might be a cut-off within a certain population group.[33] 

Partly because of the lack of consensus about specific cut-offs and partly due to 

clinicians reluctance to measure waist and hip circumference neither of these two 

methods have established themselves as a replacement for BMI. While it is not 

perfect, BMI is easy to measure and has strong correlation with disease risk.  The 

WHO continues to endorse the use of BMI to define obesity and as such it remains 

the standard technique. 
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1.4 Obesity and Overall Health Effects 

 

  Overweight and obesity increases the risk of a range of chronic illnesses such as 

hypertension, type 2 diabetes, hyperlipidemia, ischaemic heart disease, osteo - 

arthritis, obstructive sleep apnoea, depression, gastrointestinal reflux disease, 

gallbladder disease, hepatic steatosis and colon, endometrial, prostate and breast 

cancers to name just a few.  As the conditions attributable to obesity cover every area 

of medicine from surgery to psychiatry, the following review is not exhaustive but 

covers the major health issues associated with obesity. 

 

Hypertension 

The risk of hypertension in obesity is up to five times that of a normal weight 

individual.  Several mechanisms for this have been elucidated.   Adipocytes release 

angiotensinogen which when converted to angiotensin has well described effects on 

blood pressure.  Adipocytes also release increased amounts of profibrinogen and 

plasminogen activator inhibitor 1 which increase blood viscosity.  The diet of obese 

individuals tends to be higher in salt and energy dense foods both of which have been 

shown to increase blood pressure.[42]  Losing weight has been shown to lower blood 

pressure, however a Cochrane review was unable to distinguish whether it was 

weight loss or the diet required for the weight loss which lead to lower blood 

pressure.[43] 

 

Ischaemic Heart Disease 

In the Interheart study abdominal obesity increased your risk of ischaemic heart 

disease (IHD) substantially (OR 1.62) and in western countries had a greater impact 

on ischaemic heart disease than smoking. Obesity contributes to IHD through 

increased rates of diabetes, hypertension, and hypercholesterolaemia however on 

multivariate analysis is also an independent risk factor for IHD.[44]  It is estimated 

that 23% of the health burden of IHD is due to obesity.[45] 

 

Diabetes 

The association of type 2 diabetes with obesity is so strong that it is often referred to 

as diabesity.  In the United States 90% of new cases of type-2 diabetes over the last 



16 
 

two decades were in individuals who were either overweight or obese.[46] The 

nurses’ health study clearly demonstrated the exponential increase in diabetes with 

increasing BMI.  Women with a BMI of 23-24.9 had a RR of 3.1 compared to those 

with a BMI of <21, while those with a BMI of 31 or more had a RR of 18.1.[47] 

Weight gain in adulthood is associated with an increased risk of diabetes while 

weight loss decreases your risk and prevents the progression of impaired glucose 

tolerance to diabetes in obese subjects.[48, 49] Given the difficulties of weight loss 

treatments it is imperative, from a public health point of view, that excessive weight 

gain is avoided. 

 

Cancer 

The WHO International Agency for Research on Cancer estimated that overweight, 

and inactivity account for a quarter to a third of cancers of the breast, colon, 

endometrium, kidney and oesophagus.[50] Obesity has also been implicated in 

cancer of the liver, stomach, gallbladder, pancreas and prostate, as well as leukemia, 

myeloma and lymphoma.[51] Obesity is associated with increased cancer mortality 

and poorer cancer prognosis for breast and colorectal cancer with a 33% increase in 

mortality in obese patients with breast cancer. [52-54] 

 

Overall Mortality 

Obesity has recently been shown to decrease life expectancy by 7 years at the age of 

40 years. In a group of otherwise healthy 50 year olds, obesity doubled the risk of 

death over 10 years, and with each unit increase in BMI the risk of death increases 

however this effect diminishes with increasing age of the individual.[55, 56]  In the 

United States obesity has overtaken smoking as the leading cause of illness and 

preventable death, and is responsible for 300,000 deaths annually.[57, 58]  

The greatest contributing factor to overall mortality is the effect of obesity on 

ischaemic heart disease, followed by diabetes, stroke, then cancer.[59]  

 

1.5 Obesity and Colorectal Disease 

Obesity is a risk factor for a number of colorectal diseases and adds complexity to 

surgical management. With the increasing rates of obesity in our society we can 

expect to see increasing rates of colorectal pathology requiring surgical intervention. 
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Inflammatory Bowel Disease 

Historically IBD patients were said to be malnourished however there are 

increasingly high rates of obesity in the IBD population. In an observational study 

Steed et al reported that 18% of their IBD patients were obese (BMI≥30) compared 

with 23% in the general population and that 38% were overweight (BMI≥25) which 

was equivalent to the general population.  They also report that obesity was more 

common in Crohn’s disease than ulcerative colitis (p<0.05).[60]  Obesity itself is a 

pro-inflammatory condition and there is evidence starting to develop that obesity 

itself may be a risk factor for IBD.  In a case control study comparing three groups 

(Crohn’s disease, ulcerative colitis, and healthy controls) all patients were asked to 

fill out a standardised questionnaire at first diagnosis of IBD.  The authors report that 

obesity was an independent risk factor for Crohn’s disease in patients between 50-70 

years old (OR 3.31, CI 1.62-6.75).[61] In a review of 2065 patients with Crohn’s 

disease, Blain et al identified 62 obese patients that were then matched for age, sex, 

location of disease, and date of diagnosis with124 non-obese patients.  They found 

that obese patients in their cohort were older at diagnosis (32 vs. 28, p=0.01) and had 

higher rates of perianal disease (35 vs24%, p=0.03).  They also found they were 

more prone to develop active disease (OR 1.50, CI 1.07-2.11) and required more 

hospitalizations (OR 2.35, CI 1.56-3.52).[62] 

 

Colon Cancer 

Obesity increases the risk of colon cancer by 50-100% when compared to individuals 

of normal BMI. [40, 63-65]  A recent meta-analysis by Renehan at al found that the 

risk of colon cancer increased by 24% for every 5 kg/m
2
 increase in BMI.[40]    

In the studies that have included waist and hip measures to assess adipose 

distribution, the association between waist circumference or waist-to-hip ratio and 

colon cancer risk has generally been more consistent than that for BMI.[40, 64-67] 

The mechanism by which obesity causes some cancers is becoming clearer. Obesity 

increases levels of circulating insulin which either through its own growth factor like 

properties or through its effect on IGF receptors and in turn IGF-1 levels causes a 

favourable environment for tumourogenesis. Obesity also affects the levels of many 

sex hormones implicated in breast, endometrial and prostate cancer primarily through 

peripheral aromitisation of estrogens by adipocytes. [10, 40, 51, 53, 64, 68] The 

obesity related peptides Leptin and Adiponectin have been associated with increased 
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cancer risk. The mechanism through which they may work is not clear however it 

may be related to the peptides effect on insulin homeostasis.[10, 53, 64] Obesity is 

also associated with a chronic mild systemic inflammatory state which in turn may 

increase cancer risk.[53, 68] 

Obese individuals may also have poorer cancer outcomes.  In a study by Serrano et 

al, increasing BMI was associated with poorer differentiation of tumours (p=0.011), 

and increased lymph node positivity (p=0.043) in colon cancer and higher TNM 

stage (p=0.023) and lymph node positivity (p=0.041) in rectal cancers.[69] The 

National Surgical Adjuvant Breast and Bowel Project (NSABP) followed 4,288 

patients with Duke B or C colon cancer over an average of 11.2 years. Obese patients 

(BMI≥35) were associated with poorer disease free survival (HR 1.27, CI 1.05-1.53), 

more second cancers (HR 1.38, CI 1.10-1.73), and increased overall (HR 1.28, CI 

1.04-1.57) and cancer specific mortality (HR 1.36, CI 1.06-1.73).[70] The 

mechanism for poorer outcomes is not clear however it may again be related to 

higher circulating levels of pro-growth factors such as IGF-1, Leptin, and 

Adiponectin. 

 

Diverticulitis 

Diverticular disease is a common condition affecting more than two thirds of the 

population by the age of 85. A number of studies have implicated obesity in 

complicated diverticular disease but what is not clear is whether obesity causes 

diverticular disease or whether obesity increases the severity and complications 

associated with the disease.[71] 

In a community based study of 7,500 men, overweight and obesity were associated 

with increased hazard ratios of 3.0 and 4.4 respectively for  hospitalisation for 

diverticular disease.[72]  A prospective cohort study of 47,228 male health 

professionals revealed a relative risk of 1.78 for diverticulitis and 3.08 for 

diverticular bleeding among those with a BMI ≥ 30 kg/m
2
.[73]   In a retrospective 

review, Dobbins et al compared patients with complicated or recurrent disease versus 

simple uncomplicated diverticulitis.  The found that the BMI was a significantly 

greater in the groups with perforation(0.001) and recurrent disease(0.002) than in the 

control group.[74] Although it is not clear how obesity impacts on diverticular 

disease it is clear that it is associated with both increased risk and possibly increased 

severity of disease.  
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As well as the above conditions obesity has been associated with increased rates of 

gastrointestinal symptoms, irritable bowel syndrome, defaecatory dysfunction, and 

faecal incontinence.[75-77] One can therefore expect that obesity will be 

overrepresented in those referred for surgical review.  The management of these 

patients is at times complex due to the significant associated conditions as well as the 

increased body size itself.  Understanding the pre-morbid conditions and the effect of 

obesity on outcomes will be crucial to managing those requiring surgical 

intervention. 

 

1.6 Obesity and Colorectal Surgical Outcomes and Cost 

 

Wound Infections 

Wound infections are the most common cause of post-operative morbidity and obese 

patients are thought to be at greater risk due to poor tissue perfusion and the 

mechanical effects of excess weight on wounds.  Colorectal surgery increases the 

risk of tissue contamination with colonic flora and may leave obese patients at even 

greater risk.  

Smith et al prospectively assessed the wound infection rate in 176 patients following 

colorectal resection.  Using a multivariate logistic regression analysis BMI was 

found to be associated with increased rates of surgical site infections.   When 

compared to those with a BMI of less than 25, overweight patients (BMI 25-29.9) 

had an odds ratio of 2.5 while obese patients (BMI >30) had an odds ratio of 3.0 of 

developing a surgical site infection.[78] A similar result was seen in a multicentre 

prospective trial of 534 patients undergoing colorectal surgery. Data was collected on 

16 variables which may contribute to surgical site infections (SSI) and following a 

multivariate regression analysis obesity remained predictive of SSI with an odds ratio 

of 2.93.[79] 

In a retrospective review of 7020 colectomy patients, obesity was again an 

independent risk factor for SSI with an odds ratio of 1.59.[80]  Another retrospective 

series of 473 patients undergoing abdominal surgery observed that obese patients 

(Men BMI>27, Women BMI>30) had higher rates of wound infections (43% vs. 

25%).[81] 
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In a study of open surgery, 17 of 431(4%) patients in the obese group and 92 of 

3555(3%) in the non-obese group developed wound infections (p=0·03). 

Interestingly the number of surgical site infections associated with laparoscopic 

surgery did not differ between the two groups (8 of 377[2%] and 41of 1973 [2%].  It 

must be noted that this rate of wound infection is extraordinarily low compared with 

other series.[82] 

A recent systematic review of the impact of obesity on outcomes following 

laparoscopic colectomy identified 14 comparative studies that recorded wound 

infection rates.  In every study the rate of wound infection was greater in the obese 

groups than the non-obese group but the difference only reached statistical 

significance in four of the 14 trials.[83] 

Overall it would seem that obese individuals are at greater risk of wound infections 

although the difference may be lessened with the use of laparoscopic techniques. 

 

Wound Dehiscence 

The prevalence of wound dehiscence following laparotomy ranges from 0.4 -3.5% 

and is a devastating complication of inadequate wound healing. It can lead to 

ongoing complications and is reported to be associated with mortality rates as high as 

45%[84].  There are a number of reasons why wound dehiscence might be more 

common in obesity including increased tissue tension and longer wounds associated 

with obesity as well as decreased tissue perfusion and comorbid diabetes[85]. 

In a retrospective review of 2,761 major abdominal operations 31 patients were 

identified that had wound dehiscence and these were compared with 38 patients 

randomly selected from the “non-dehiscence” group.  Obesity (150% IBW) was 

present in three patients in the dehiscence group versus none in the non-dehiscence 

group. Obesity was found to be an independent risk factor for wound dehiscence 

(p=0.0001)[86]. 

In a very similarly designed study by Pavlidas et al, 89 cases of dehiscence were 

identified in 19,206 laparotomies.  These patients were compared with 89 randomly 

selected “controls” from the same group. Obesity was present in 29% of the 

dehiscence group versus 10% of the non-dehiscence group (p=0.0013).[87] 

A case control study by Makela, compared 48 patients with midline abdominal wall 

dehiscence with 48 controls matched for sex, age, and operative indication.  They 

investigated 12 preoperative, 6 operative, and 4 post-operative factors which they 



21 
 

considered important.  Importantly obesity was not found to be significantly 

associated with abdominal wound dehiscence.[88] 

Merkow et al reviewed the NSQIP database from 2007 and identified3,202 patients 

who had undergone colectomy for cancer. In this group obesity (BMI30-34.9)was 

not associated with an increased risk of dehiscence however morbid obesity 

(BMI≥35) was associated with an increased risk of dehiscence (OR 3.51, CI 1.55-

7.95)[89] 

A recent review of wound dehiscence found obesity to be the most commonly 

identified risk factor in wound dehiscence however the evidence for this was 

primarily from the cardiothoracic literature.[84]. 

Only one of these studies looked specifically at colorectal surgery as a subgroup and 

in that study a difference was only found in the group with BMI greater than 35 

making any conclusions difficult. Overall the evidence is poor however there may be 

an increased risk of wound dehiscence in obesity. 

 

Incisional Hernia 

Incisional hernia is a common complication of abdominal surgery with an incidence 

of 2-11%.  Incisional hernias often occur some months after surgery and as such are 

rarely included in studies describing outcomes following surgery.  There is therefore 

sparse evidence implicating obesity in incisional hernia.[90] Abdominal obesity is 

associated with increased intra-abdominal pressure[91] and there is experimental 

evidence of impaired collagen maturation and remodelling which may both 

predispose to hernia formation.[92] Obesity has been established as a risk factor for 

recurrence following incisional hernia repair.[93, 94] 

In a retrospective review, by Llaguna et al, of 218 open (50%) and laparoscopic or 

HALS (50%) colonic resections, the overall incidence of incisional hernia was 16%. 

There was no difference in hernia rates between the open and minimally invasive 

groups however obesity (BMI≥36) was associated with increased risk of incisional 

hernia on both univariate and multivariate analysis.[95] 

In a case control study involving 334 patients who had undergone restorative 

proctocolectomy, 31 patients were identified as obese (BMI≥30) and compared to 31 

non-obese patients matched for age, gender, steroid use, and diagnosis. Incisional 

hernia was more common (13% vs. 3%) however the difference was not statistically 

significant.[96] 
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In a review of 795 patients who underwent colorectal surgery by a single surgeon the 

overall rate of incisional hernia was 6.7% and 2% in those with and without stomas.  

Female gender (p=0.005) and wound infection (p=0.041) but not obesity (p=0.215) 

were found to be risk factors for hernia.[97]  

In a study by De Raet et al of 41 patients undergoing abdominoperineal resection 

(APR), waist circumference (p=0.011) but not BMI (p=0.414) were associated with 

parastomal hernia suggesting that abdominal girth may be a more important factor in 

hernia formation[98].  

These studies are quite varied in their procedures, are retrospective, and have small 

numbers with differing follow-up.  The definition of obesity is also often different 

which makes firm conclusions difficult. Overall however the evidence suggests that 

obese patients are at increased risk of incisional hernia. 

 

Cardiac and Respiratory Complications 

Obesity is strongly associated with ischaemic heart disease, hypertension, diabetes, 

and OSA and one would therefore expect there to be increased risk for post-operative 

cardiac and respiratory complications.[39, 44, 46, 47, 99-101]   

A large volume of research has demonstrated the deleterious effect of obesity on 

pulmonary function with decreased expiratory reserve volume (ERV)  total lung 

capacity (TLC), forced vital capacity(FVC), and forced expiratory volume in one 

second (FEV1) as well as an increased work of breathing[102]. Correspondingly 

weight loss in obesity has been shown to increase of FRC, VC, TLC and maximum 

voluntary ventilation MVV[103]. 

Hall and others prospectively studied 1,000 patients who had a laparotomy 

performed in the Royal Perth Hospital. Patients with a BMI >25 had higher rates of 

postoperative pulmonary complications on multivariate analysis.[104] 

In a Japanese study by Tsukada et al, preoperative BMI, and CT measurements of 

intra-abdominal fat (IAF) and subcutaneous fat (SCF) were taken of 139 patients 

undergoing gastric or colorectal surgery.  Patients were then categorised as IAF + or 

IAF – according to predetermined cut-offs.  Those patients with increased IAF 

(IAF+) were found to have a higher rate of medical complications (pneumonia and 

arrhythmia) following both univariate and multiple regression analysis.  BMI and 

SCF were not found to be significantly associated with medical complications.[105] 
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A review of the American college of surgeons NSQIP database looking at non-

cardiac surgery identified 310,208 patient records. Groups were classified according 

to BMI, underweight (less than 18.5 kg/m2),  normal (18.5 to 24.9 kg/m2), 

overweight (25 to 29.9 kg/m2), obese (30 to 39.9 kg/m2), morbidly obese (40 to 

49.9kg/m2), and (super obese (greater than 50 kg/m2). They found the risks of 

pulmonary complications were significantly higher in obesity (AOR 1.15; 95% CI 

1.07–1.23), morbid obesity (AOR 1.21; 95% CI 1.08 –1.36), and super obesity (AOR 

1.42; 95% CI 1.20 –1.68) than in normal-weight patients but found no difference in 

the incidence of cardiac events[106].  An analysis of the same database identifying 

only those undergoing surgery for colorectal cancer did not identify any difference in 

pulmonary complications or cardiac complications between obese and normal weight 

individuals[89]. 

In the study by Benoist et al. there was no difference in the overall rates of cardiac or 

pulmonary complications between obese and non-obese.  Obese patients having right 

colonic resection had a higher rate of cardiac complications, 2 of 25 vs. 1 of 96 (8% 

vs. 1%, p<0.05).  The numbers in this subgroup are small and it is therefore difficult 

to draw strong conclusions.[107] 

Pollard et al found a statistically significant increased risk of “cardiac 

failure”(arrhythmia or myocardial infarction) and atelectasis in obese patients 

(defined as >30% over IBW) undergoing surgery for rectal cancer.[108] 

In Blee’s study they were unable to show a difference in either pulmonary or cardiac 

complications between normal weight, overweight, and obese individuals.  This 

study was however poorly powered to show small differences in less common 

complications.[109] 

Overall the evidence is fairly strong for an increased risk of pulmonary and cardiac 

complications in non-cardiac or abdominal surgery however the evidence looking 

specifically at colorectal surgery is mixed. Some studies show increased risk with 

obesity while others fail to show a difference.  It could be argued that many of the 

studies which failed to show a difference were underpowered in which case one 

could still conclude that any increased risk in obese patients is small. 

 

DVT/PE 

There is little doubt that obesity is a risk factor for thromboembolic disease in the 

general population.[110, 111]  Several autopsy studies have demonstrated higher 
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rates of DVT/PE in obese members of the general population.[112]  The 

Framingham Study revealed obesity to be a risk factor for thromboembolism in 

women but not in men.[113]  In “The study of Men Born in 1913” the authors 

followed 855 fifty year olds for a period of thirty years.   Although BMI was not 

associated with thromboembolic events, those in the highest decile of waist 

circumference (≥ 100 cm) had an adjusted relative risk for thromboembolism of 3.92 

(CI 2.1-7.29) compared to those in the lower 9 deciles.[100]   A recent analysis of 

87,226 women in the Nurses’ Health study demonstrated a linear relationship 

between BMI and the incidence of idiopathic pulmonary embolism.  The relative risk 

was 1.08 for every 1 kg/m
2
 increase in BMI.[114]    Colorectal cancer itself is 

thought to be a risk factor with rates of preoperative DVT in women with colorectal 

cancer as high as 16 %. [115]  Post-operative DVT was seen in 38% of patients not 

receiving prophylaxis in a recent series of  laparoscopic rectosigmoid cancer 

resections from China.[116] 

What is less clear is whether obese patients undergoing colorectal surgery are at 

greater risk of thromboembolic complications in the post-operative period.  Several 

international guidelines for thromboprophylaxis list obesity as a risk factor but the 

evidence for this is not well established.[117, 118] 

In the largest study looking at venous thromboembolism in colorectal patients 

Fleming et al reviewed 52,555 patients from the NSQIP database between 2005 and 

2008. The overall incidence of thromboembolic events in this cohort was 0.67%. 

Obesity (BMI≥30) was associated with an increased risk of thromboembolic events 

on both univariate and multivariate analysis (OR 1.31, CI 1.03-1.65).[119] 

The study by Merkow et al compared 1072 normal weight (BMI18.5-24.9) patients 

with 607 obese (BMI 30-34.9) and 396 morbidly obese patients (BMI≥35) who had 

undergone colonic resection for cancer. Both obesity (OR 5.07, CI 1.24-20.68)and 

morbid obesity (OR 6.98, CI 1.62-30.6) were associated with increased risk of 

pulmonary embolus.[89] 

Flordal et al used a retrospective multiple logistic regression analysis technique to 

determine risk factors for thromboembolism in 2,070 patients undergoing major 

elective abdominal surgery with low molecular weight heparin prophylaxis.  They 

found that increased body weight was not a risk factor for post-operative 

thromboembolism.[120] 
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Wille-Jorgensen and Ott looked at risk factors for thromboembolism in 191 patients 

undergoing major elective abdominal surgery.  They used the highly sensitive but 

poorly specific I
125

-fibrinogen uptake test to define patients who had 

thromboembolism and found that obesity (BMI), preoperative low haemoglobin, age, 

and colorectal surgery were independent risk factors on multivariate analysis.  No 

indication was given of how many patients, if any, had clinically significant DVT or 

PE and no indication is given of the degree of risk due to increased BMI.[121]  A 

similar trial using the same technique found that the rate of DVT in the colorectal 

population was 58.3% but that obese patients were not at greater risk compared to 

those of normal build.[122] 

Garrow et al  prospectively studied 473 patients undergoing major abdominal surgery 

and found no significant difference in the rate of DVT or PE in obese 

individuals.[81] 

Neither of the studies by Blee and Benoist were able to demonstrate a difference in 

rates of DVT however there were only 4 DVTs (two in each group) in Benoist’s 

study and 1 DVT in the study by Blee.[107, 109]  It must be stated again that these 

trials are poorly powered to detect these rare complications. 

It is likely that obese patients undergoing major colorectal surgery are at greater risk 

of thrombo-embolic events.  In studies with large numbers or those that use more 

sensitive techniques to detect thrombo-embolism the risk was found to be increased 

in obese patients while those that did not demonstrate a difference could be accused 

of being underpowered to detect what is an uncommon complication. 

 

Anastomotic Leaks  

Anastomotic leak is the most feared complication in colorectal surgery with reported 

rates from 1-20%. This variability is in part due to the heterogeneous nature of the 

studies and the multiple different definitions of anastomotic leak.  In a systematic 

review in the British Journal of Surgery, Bruce et al reviewed 97 studies between 

1993 and 1999 and found 56 different definitions of what constituted an anastomotic 

leak.[123] 

Benoist et al compared 158 obese patients with 426 non-obese patients undergoing 

colorectal surgery.  They found there was no difference in the leak rate of those 

undergoing right or left colonic resections however in the rectal resection group the 

leak rate was higher for obese patients (16% versus 7%, p<0.05).[107] 
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Choi et al looked at 35 variables including body weight by both univariate and 

multivariate analysis in 1,417 patients who underwent colorectal resection for 

malignancy above the peritoneal reflection at their institution in Hong Kong.  Their 

overall rate of anastomotic leak was low at 1.8% but they were unable to demonstrate 

any relationship between body weight and leak rate.[124]  Similarly Vignali et al in a 

review of over 1000 patients did not find obesity to be a risk factor for anastomotic 

leak.[125] 

In a case control study Makela et al compared 44 patients who had an anastomotic 

leak following left sided colorectal surgery with a rectal anastomosis with 44 

controls matched for age, gender, and operative indication.  Obese patients had an 

odds ratio of 2.32 for anastomotic leak but using a logistic regression model they 

found that obesity and body mass index were not independent predictors of 

anastomotic leak.[126] 

In a review of 272 consecutive anterior resections for rectal cancer, Rullier et al 

examined 19 patient, tumour, and treatment related variables including obesity (20% 

greater than IBW).  They found that for the whole population obesity was not 

associated with anastomotic leak however in a separate analysis of 113 patients who 

had a low anastomosis the rate of leak was 33% in the obese patients versus 15% for 

the non-obese (p=0.03).[127] 

Biondo et al looked at 208 patients undergoing emergency left sided colonic 

resections with primary anastomosis.  They found that obesity was significantly 

associated with anastomotic leak on multivariate analysis although there were only 

two leaks in the obese group making any conclusions unreliable.[128] 

The evidence is once again hard to interpret due to the different definitions of obesity 

and anastomotic leak between studies as well as the small sample sizes in many 

studies which were not powered to detect a difference in an uncommon event.  

However, overall the literature does suggest that obesity is a risk factor for 

anastomotic leak, particularly in left sided and rectal anastomoses. 

 

Sepsis 

Sepsis as an end point was not routinely reported in the literature and because of the 

varying definitions of septic complications such as SSI or pneumonia it is impossible 

to combine data to make comparisons. Merkow et al looked at outcomes in 3,202 

patients undergoing colectomy for malignancy.  Compared with the normal weight 
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group there was no significant difference in sepsis events in the obese or morbidly 

obese groups[89].   Healy et al performed a retrospective review of a prospectively 

collected database of patients having surgery for colorectal cancer.  They found no 

differences in overall morbidity, mortality, or rates of sepsis between obese and non-

obese groups however the obese group had higher rates of pelvic abscesses (p=0.037) 

Interestingly the underweight group had higher rates of sepsis when compared to 

other groups (p=0.024).[129] 

Causey reviewed 2,319 patients from the NSQIP database who had undergone 

abdominal surgery for Crohn’s disease. They compared the obese group (BMI≥30)  

with non-obese (BMI<30) and found sepsis to be increased in obesity on univariate 

(p=0.048) but not on multivariate analysis(p=0.12).[130] 

Overall the data seems to suggest that obese patients undergoing major colorectal 

surgery are not at increased risk of sepsis.  Even in the setting of Crohn's disease 

with its high rate of sepsis and immune-suppression there was no difference in sepsis 

after multivariate analysis.  One confounder may be the high rates of septic 

complications seen in underweight patients which when combined in the “non-

obese” group may nullify any differences. 

 

Overall morbidity  

Colorectal surgery is associated with significant risk of overall morbidity however 

the rates vary significantly in the literature from 20-45%[131]. This is perhaps not 

surprising as there is little agreement or often disclosure about what constitutes a 

complication. The impact of obesity on overall morbidity has been studied by a 

number of authors in both abdominal and specifically in colorectal surgery. 

Ondrula et al, reviewed 960 colon resections and studied the predictive value of 15 

possible risk factors, including obesity, on operative outcome.  Obesity, defined as > 

30 percent over ideal body weight, was not a significant predictor of operative 

outcome.[132] 

Benoist et al found there was no significant difference in the number of patients 

having complications for right colectomy (32% vs. 23%), left colectomy (21% vs. 

28%), or rectal resection (35% vs. 31%)[107].    

Tsukada et al used pre-operative CT scan to calculate intra-abdominal fat (IAF) and 

sub-cutaneous fat (SCF) in 70 patients undergoing elective colorectal surgery.  They 

found that IAF was not associated with increased post-operative medical or surgical 
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complications however increased SCF was associated with increased surgical 

complications by univariate analysis. [133]  

Dindo reported a series of 6336 patients undergoing elective general surgical 

operations, of whom 808 were obese.  They found no difference in overall morbidity 

between obese and non-obese patients (15.1% vs. 16.3%).[82] 

Similarly Herrera et al reviewed 941 patients who attended the Veterans Affairs 

clinics of whom 547 underwent a general surgical operation.  They concluded that 

there was no significant difference in the rate of complications between obese (BMI 

>30) and non-obese patients.  This study highlights the difficulty with retrospective 

studies when the numbers are looked at more closely.  Of the 627 patients who were 

not obese who presented to clinic 393 underwent an operation ( 63%) while of the 

314 obese patients who presented to clinic only 154 underwent an operation (49%).   

This difference of 14% is not explained and leads one to question whether there was 

some significant selection bias taking place where some obese patients were not 

being offered surgery.[134] 

Hickman et al investigated the impact of body weight and serum albumin on 

outcomes following colorectal cancer surgery. Their study of 83 patients found that 

patients classified as obese (mean IBW 131%) had higher morbidity than those of 

normal body weight (48% versus19%, p<0.01).[135] Blee and colleagues reviewed 

153 colonic resections and found no difference in complications or transfusion 

requirements between obese and non-obese patients however operative times were 

longer for both obese and overweight patients.[109] This study had few patients in 

each group and was not well powered to show small differences. 

Schwander et al found in a series of 589 laparoscopic colorectal procedures that there 

was no difference in overall complications in the obese group (BMI >30) compared 

to the non-obese group (BMI<30).  The obese group had more major complications 

than the non-obese group however.[136] 

In Causey’s NSQIP database review of patients who had undergone abdominal 

surgery for Crohn’s disease, patients in the obese group (BMI≥30) had higher rates 

of overall morbidity when compared to the non-obese group (32% versus 22% 

p=0.001).[130] 

Merkow et al also reviewed the NSQIP data base and identified 3,202 patients who 

had undergone surgery for colon cancer.  They categorised patients into normal 

weight (BMI<25), overweight (BMI 25-29.9) and obese (BMI 30-34.9) and morbidly 
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obese (BMI≥35).  They found that morbidly obese patients had higher rates of 

morbidity than those of normal weight patients (31.8% versus 20.5%, OR 1.75(1.33-

2.31)). There was no difference seen in those mildly obese versus the other BMI 

groups.[89] 

Overall it is hard to draw strong conclusions from the evidence.  There are no 

consistent definitions of morbidity or obesity between papers and as all papers are 

retrospective and use different research strategies it is hard to give more weight to 

one than the others. Another problem with many of these papers is that underweight 

patients, who are often at greatest risk of morbidity, are routinely included with non-

obese cohorts while the mildly obese, who may have some protective benefit, are 

included with the obese cohorts. When simply comparing obese versus non-obese the 

results may therefore be skewed against finding any difference.[106, 129, 135, 137, 

138]  

What one can say is that obese patients have at least the same risk and may be at 

greater risk of post-operative morbidity and that the morbidly obese are probably at 

greater risk of overall morbidity compared to normal weight individuals 

 

Mortality 

In a retrospective study Tsukada et al found no difference in thirty day mortality 

between obese and non-obese patients undergoing gastric or colorectal procedures.  

Unfortunately this study was poorly powered with only 139 patients (71 had 

colorectal surgery) and there was only one death making any assumptions unreliable. 

Benoist et al, in a study of 584 patients who had undergone colorectal resection, 

found no difference in overall mortality between obese and non obese however there 

was increased mortality in obese patients undergoing rectal resection (p<0.02) 

primarily due to the increased rate of anastomotic leak and subsequent sepsis and 

multi-organ failure.[107] In the series by Dindo et al there was no difference in 

mortality between non-obese and obese groups (1.3% vs. 0.7%, p=0.12), however it 

was recognised that there were small numbers of deaths. 

In a retrospective study of 1238 patients in a single VA hospital who underwent non-

cardiac surgery, obesity was not associated with an increased risk of death and in fact 

the univariate analysis demonstrated a decreased risk of death at one year.   

Unfortunately only 10 percent of patients underwent major abdominal surgery so it is 

difficult to make any conclusions regarding colorectal surgery.[139] 
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In a study by Hickman et al of  81 patients undergoing colorectal cancer resections, 

normal weight patients (mean 103%IBW) had mortality rates at 30 days of 3 percent 

compared with 14 percent in obese patients (mean 127% IBW) although this 

difference failed to reach significance. Interestingly, low-weight patients (mean 83% 

IBW), particularly those with low albumin levels, were at higher risk than normal-

weight patients and obese patients for both mortality and overall complications.[135]   

 

Pessaux reviewed 582 patients who had undergone elective sigmoid resection for 

diverticulitis between 1985 and 1998.  They found obesity was associated with an 

increased risk of mortality (OR=5.2 CI 1.1–27.9).[140] 

In summary the evidence for increased mortality in colorectal surgery is mixed.  

There may be an increased risk in those having rectal resections or resections for 

diverticular disease however the data is all retrospective and strong conclusions can’t 

be made. 

 

Costs 

I did not identify any study which specifically looked at the impact of obesity on cost 

of major colorectal surgery. Cholecystectomy has been shown to be more expensive 

in the obese than non-obese, and in the urology literature radical prostatectomy but 

not radical cystectomy has been shown to be more expensive in obese patients.[141-

143] In total hip arthroplasty obesity was not associated with increased overall costs 

however the operating costs were greater for morbidly obese patients(BMI 

≥35).[144] 

Smith et al prospectively assessed the wound infection rate in 176 patients following 

colorectal resection and found obesity to be associated with increased rates of SSI 

(OR 3.0). They also performed a cost analysis of those patients with wound 

infections and found a mean increased cost of care of $6,200.[78] 

In the study by Benoist et al no specific cost analysis was performed however using 

the surrogate markers of operative time and length of stay there was little difference 

between obese and non-obese patients.  There was no difference in length of hospital 

stay for patients undergoing right colon, left colon, or rectal resections and only 

obese patients undergoing rectal cancer surgery had longer operative times than those 

in the non-obese group.[107] 
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Blee et al did not look at overall cost however the operative times were longer in the 

obese and overweight (174 and 171.5 minutes respectively) versus normal weight 

individuals(115.9 minutes, p<0.001). 

Currently there is no evidence to refute or confirm whether obesity incurs greater 

costs to the hospital following major colorectal surgery. 

 

 

The questions for this thesis: 

While there is good epidemiological evidence of the impact of obesity on a range of 

disease processes the impact of obesity on colorectal surgery outcomes and cost is 

less clear.  There is conflicting data on the impact of obesity on colorectal surgery 

outcomes and its impact on cost has not previously been published. This thesis hopes 

to provide additional information to help answer these questions. 
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Chapter 2 

Obesity and outcomes following major colorectal 

surgery: the perception of New Zealand general 

surgeons and a review of the current literature 
 

Aim 

To assess the perception of New Zealand General Surgeons of the impact of obesity 

on outcomes following major colorectal surgery and to compare this to the current 

literature 

Methods 

In 2008 all members of the New Zealand Association of General Surgeons were 

surveyed by mail.  Statements were provided regarding specific risks, overall 

morbidity and mortality, and overall cost of major colorectal surgery.  Surgeons were 

asked whether they strongly disagreed, disagreed, were neutral, agreed, or strongly agreed 

with the statement.  The surgeon’s responses were compared with recent literature. 

Results 

136 surveys were sent out and 99 completed surveys were returned to be analysed. 

Overall more than 90% of surgeons of surgeons agreed or strongly agreed that obese 

patients are at greater risk of wound infection, pulmonary complications, overall 

morbidity, and hospital cost. More than 75% of surgeons agreed or strongly agreed 

that obese patients are at greater risk of cardiac complications, septic complications, 

wound dehiscence, hernia and death. Only 39% of respondents agreed or strongly 

agreed that obese patients are at greater risk of anastomotic leak. A literature review 

found evidence to support the increased risk of wound infection, wound dehiscence, 

anastomotic leak, and cardio-pulmonary and thrombo-embolic risk.  There was 

mixed evidence or no evidence that obesity increases sepsis, overall morbidity and 

mortality, or overall cost following colorectal surgery. 

Conclusion 

This survey found that surgeons believe that obese patients are at increased risk of 

mortality, increased cost of treatment and all complications except anastomotic leak. 

Those views are not always supported by current evidence. 
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2.1 Introduction 

 

Obesity is a well established risk factor for colon cancer and for complicated 

diverticular disease and with the increasing rates of obesity in our population we can 

expect to see a greater proportion of patients with obesity presenting for major 

colorectal surgery.[16, 40, 51, 64] Through its adverse mechanical, metabolic, 

immunologic and cardiovascular effects, central obesity is thought by many to be 

associated with adverse surgical outcomes.  Anecdotally obese patients are thought 

to be of greater risk following colorectal surgery, however if this perception is not 

supported or even refuted by the literature then obese patients may be being unfairly 

prejudiced in selection for surgery. 

Depending on the type of surgery and the outcome variables studied current 

data of the effects of body weight on surgical complications is neither consistent nor 

convincing.  Most studies are retrospective, have no standard definition of 

complications and many use different definitions and/or measurements of 

obesity[107, 145, 146].    

A study of 6336 patients undergoing elective general surgical operations by 

found that there was no difference in complications between the obese and non-

obese. The authors argued that the perception of obesity as a major risk factor for 

surgery is an unfounded prejudice and that “the regressive attitude towards general 

surgery in obese patients is no longer justified.” [82] 

With the current data difficult to interpret we felt that it would be valuable to first 

assess the perception of general surgeons of the impact of obesity on outcomes 

following colorectal surgery and then compare this to the current literature. 

 

 

2.2 Aim 

The aim of this study was to assess the perception of general surgeons in New 

Zealand regarding the risk of obese patients undergoing major colorectal surgery and 

to determine whether these perceptions are supported by current evidence. 
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2.3 Methods 

In October and December 2008, members of the New Zealand Association of 

General Surgeons were surveyed by mail regarding their perception of the impact of 

obesity on various outcomes.  Questionnaires were sent on two occasions to 

maximise responses and were coded to avoid duplication. Surgeons were provided 

with statements regarding specific risks, overall morbidity and mortality, and overall 

cost of major colorectal surgery.  Surgeons were asked whether they strongly 

disagreed, disagreed, were neutral, agreed, or strongly agreed with the statement. 

(Appendix 2.1)  Their responses were tabulated in a Microsoft Access database and 

analysed using Microsoft Excel.   

These results were then discussed in light of the review of the current literature in 

chapter 1. 

 

2.4 Results 

 

Responses were received from 101 of 136 NZAGS members who were sent surveys.  

Two surgeons declined to answer as they did not perform colorectal surgery. The 

remaining surgeons fully completed the questionnaires leaving 99 completed surveys 

to be analysed. 

 

Table 2.1 General Surgeon’s Responses to questionnaire 

Column1 
Strongly 
Disagree Disagree Neutral Agree 

Strongly 
Agree 

Percent who 
Agree or Strongly 

Agree 

Wound Infection 0 1 3 61 35 96% 

Dehiscence 0 3 20 57 20 77% 

Hernia 0 2 15 54 29 83% 

Cardiac 0 2 22 60 16 76% 

Respiratory 0 0 5 62 33 95% 

Dvt/Pe 0 1 11 62 26 88% 

Leak 1 12 47 33 6 39% 

Septic 0 4 10 66 20 86% 

Overall Morbidity 0 1 2 58 39 97% 

Death 0 5 14 60 21 81% 

Cost 0 2 6 60 32 92% 
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Overall more than 90% of surgeons agreed or strongly agreed with the statements 

that obese patients are at greater risk of wound infection, respiratory complications, 

overall morbidity, and hospital cost. More than 80% of surgeons agreed or strongly 

agreed with the statements that obese patients are at greater risk of septic 

complications, hernia, DVT/PE and death.  More than 70% of surgeons agreed or 

strongly agreed with the statements that obese patients are at greater risk of cardiac 

complications and wound dehiscence. And finally only 39% of respondents agreed or 

strongly agreed with the statement that obese patients are at greater risk of 

anastomotic leak. (Table 2.1) 
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2.5 Discussion 

As the survey is descriptive, interpretation of the data from the survey is somewhat 

subjective however the vast majority of surgeons agreed or strongly agreed that 

obese patients were at greater risk for all adverse outcomes other than anastomotic 

leak. In this discussion I will examine the relationship between these responses and 

the available evidence summarised in chapter 1 of this thesis. 

 

Wound infections 

 There are a number of trials looking at wound infection/SSI in both general and 

colorectal surgery and it would seem from this evidence that obese individuals are at 

greater risk of wound infections although the difference may be lessened with the use 

of laparoscopic techniques.[78-83] The respondents were therefore in agreement 

with literature as our survey found 96% of respondents agreed or strongly agreed that 

obese patients were at greater risk of wound infection. 

 

Wound Dehiscence 

There are a number of reasons why wound dehiscence might be more common in 

obesity including increased tissue tension and longer wounds associated with obesity 

as well as decreased tissue perfusion and comorbid diabetes[85] Overall the evidence 

for obesity as a risk factor for dehiscence was poor.[84, 86, 87, 126] Unfortunately 

there was only one study identified that looked specifically at colorectal surgery and 

in that study a difference in rate of dehiscence was only found in the group with BMI 

greater than 35.[89] This may explain why only 77% of respondents agreed or 
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strongly agreed with the statement that obese patients were at greater risk of wound 

dehiscence. 

. 

Incisional Hernia 

Incisional hernia is a common complication of abdominal surgery with an incidence 

of 2-11%.  Unfortunately there is sparse evidence implicating obesity in incisional 

hernia particularly in colorectal surgery. The studies reviewed in chapter 1 are all 

retrospective, heterogeneous in the procedures performed, and have small numbers 

with differing follow-up and definition of obesity.[90-98] Overall however the 

evidence suggests that obese patients are at increased risk of incisional hernia which 

again is in seems to be in agreement with our survey which found that 83% of 

surgeons agreed or strongly agreed that obese patients were at greater risk. 

 

Cardiac and Respiratory Complications 

Obesity is strongly associated with ischaemic heart disease, hypertension, diabetes, 

and OSA and one would therefore expect there to be increased risk for post-operative 

cardiac and respiratory complications.[39, 44, 46, 47, 99-101]   

Overall there is evidence is for an increased risk of both pulmonary and cardiac 

complications in non-cardiac or abdominal surgery with pulmonary complications 

having perhaps stronger evidence. However the evidence looking specifically at 

colorectal surgery is mixed.[89, 104-108, 147]    The results of the survey were once 

again concordant with the literature as 76% and 95% of respondents agreed with the 

statements that obese patients were at greater risk of cardiac and respiratory 

complications respectively. 

 

DVT/PE 

There is good evidence that obesity is a risk factor for thromboembolic disease in the 

general population[100, 110-114] , and in colorectal cancer.[115, 116] What is less 

clear is whether obese patients undergoing colorectal surgery are at greater risk of 

thromboembolic complications in the post-operative period.   

It is likely that obese patients undergoing major colorectal surgery are at greater risk 

of thrombo-embolic events.  In studies with large numbers or those that use more 

sensitive techniques to detect thrombo-embolism the risk was found to be increased 

in obese patients while those that did not demonstrate a difference could be accused 



39 
 

of being underpowered to detect what is an uncommon complication.[81, 89, 107, 

119-122, 147]  In our survey 88% of respondents agreed or strongly agreed that 

obese patients are at greater risk of DVT/PE following colorectal surgery which 

again is concordant with the literature.   

 

Anastomotic Leaks 

The evidence is once again hard to interpret due to the different definitions of obesity 

and anastomotic leak between studies.  Most of the studies identified were not 

adequately powered to identify a difference in anastomotic leak rates.  Even so 

several studies did suggest that obesity is a risk factor for anastomotic leak, 

particularly in left sided and rectal anastomoses.[107, 124-128] Interestingly only 

39% of surgeons agreed or strongly agreed that obese patients were at greater risk of 

anastomotic leak.  While the evidence is not strong this view is probably contrary to 

the evidence and unusual considering for all other outcomes the respondents felt that 

obese patients would have poorer outcomes. 

 

Septic complications 

Sepsis was not routinely reported in the literature when comparing obese and non-

obese with only three studies identified which looked specifically at sepsis as an end 

point. Overall the data seems to suggest that obese patients undergoing major 

colorectal surgery are not at increased risk of sepsis.  Even in the setting of Crohn's 

disease with its high rate of sepsis and immune-suppression there was no difference 

in sepsis after multivariate analysis.[89, 129, 130]  Despite this 86% of surgeons felt 

that obese patients would be at greater risk of sepsis.  One can surmise that surgeons 

are extrapolating from data regarding SSIs and pulmonary complications and 

assuming that obese patients are at greater risk but currently the evidence does not 

support that. 

 

Overall morbidity 

The impact of obesity on overall morbidity has been studied by a number of authors 

in both abdominal and in colorectal surgery. It is hard to draw strong conclusions 

from the evidence as there are no consistent definitions of morbidity or obesity 

between papers and as all papers are retrospective and use different research 

strategies it is hard to give more weight to one than the others. What one can say is 
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that obese patients have at least the same risk and may be at greater risk of post-

operative morbidity and that the morbidly obese are at greater risk of overall 

morbidity compared to normal weight individuals.[82, 89, 105, 107, 130, 132, 134-

136, 147] The surgeons in our survey were much more certain than could be 

supported by the literature with 97% either agreeing or strongly agreeing that obese 

patients were at greater risk of overall morbidity.  Why this sentiment was so strong 

despite a number of large papers suggesting that obese patients are not at greater risk 

is not clear.  There are a number of complications which are more common in the 

obese patient so perhaps the surgeons just assumed they must be at greater overall 

risk.  This ignores the possibility that there may be some protection from 

complications in the well nourished state which has been demonstrated in both 

vascular and cardiac surgery.[137, 138] 

 

Mortality 

In our study 81% of respondents agreed or strongly agreed with the statement that 

obese patients are at greater risk of death following major colorectal surgery. 

However, the evidence for increased mortality in colorectal surgery is mixed. Obese 

patients may be at an increased risk when undergoing rectal resections or resections 

for diverticular disease however the data is all retrospective and once again is often 

underpowered so strong conclusions can’t be made.[105, 107, 135, 139, 140] 

 

Costs 

There was no study which specifically looked at the impact of obesity on cost of 

major colorectal surgery and the literature in other fields of surgery is mixed.[99, 

141, 142, 144, 148] There is some indirect evidence from a few trials to suggesting 

there may be increased cost in treating obese patients in colorectal surgery but there 

have been no direct cost analyses performed.[78, 107, 147] While there is no 

evidence to confirm or refute whether obesity incurs greater costs to the hospital 

following major colorectal surgery over 90% of surgeons agreed or strongly agreed 

with that assertion. 

 

I acknowledge there are some weaknesses with this research.  Firstly General 

surgeons were chosen to be surveyed rather than colorectal surgeons who may have 

had a better knowledge of the literature with respect to colorectal outcomes in 
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obesity. There are however, not enough colorectal surgeons in New Zealand, where 

the rest of this thesis is based, to provide an adequate sample size and we believed 

the bulk of major colorectal surgery in New Zealand is still performed by general 

surgeons.  It may be that the perceptions of colorectal specialists or surgeons from 

other countries would be different to that of New Zealand general surgeons.  

Furthermore the survey was performed in 2008 while some of the papers reviewed 

were published following this.  The attitudes of the general surgeons may well have 

changed following dissemination of these papers.  It may be that a survey done today 

will have had different results. 

For almost all outcomes the respondents in our study felt that obese patients were at 

greater risk of adverse outcomes.  Often the literature was in agreement however for 

septic complications, morbidity, mortality and cost there seemed to be a disconnect 

between the evidence and the opinions of the surgeons. Why this may be is not clear 

but the respondents may be extrapolating knowledge from other outcomes and 

applying it to these or even extrapolating knowledge from other areas of surgery and 

applying it to colorectal surgery. 

It was interesting that only 39% of respondents felt that obese patients were at 

greater risk of anastomotic leak but the review of the literature revealed that obese 

patients may be at increased risk particularly in left sided and rectal anastomoses. It 

may be that a significant number of the general surgeons only do right sided 

colorectal work and hand on left sided and rectal resections to colorectal surgeons.  

There is less compelling evidence for poorer outcomes in right sided anastomosis 

and it may be that the surgeons’ responses therefore reflect their view of the 

operations they do. Where the literature and the surgeons were not in agreement it 

could be due to a lack of knowledge on behalf of the surgeons however we must also 

acknowledge the inadequacies in the published literature and perhaps it is the 

opinions of the surgeons that are closer to the truth. 

 

 

2.4 .Conclusion 

This survey found that surgeons believe that obese patients are at increased risk of 

mortality, increased cost of treatment and all complications except anastomotic leak. 

Those views are not always supported by current evidence. 
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Chapter 3 

The Impact of Obesity on Outcomes Following Major 

Colorectal Surgery 

Aim: 

The aim of this study was to determine whether obesity impacted on the outcomes following 

major colorectal surgery in a prospectively collected cohort. 

Methods: 

Between February 1
st
 2008 and July 31

st
 2009, patients undergoing major colorectal surgery 

were enrolled in the study.  Following informed consent BMI, waist circumference and waist-

hip ratios were assessed.  High risk patients were identified using established criteria and all 

patients were assessed for operative risk using ASA and P-POSSUM. Complications were 

identified according to established criteria. Patients were grouped for analysis according to 

BMI and recognised cut-offs for waist measurement and waist-hip ratios. 

Results:  

A cohort of 415 patients was enrolled and following exclusions 388 were analysed.  Diabetes 

was more common with increased BMI (p=0.004) however all other categories of increased 

risk were not different. ASA and P-POSSUM mortality scores were greater in the 

underweight group (p=0.026 and p=0.016) but no other differences were seen in morbidity or 

mortality scores.  The case mix was also similar between groups. There was no difference in 

overall morbidity (p=0.095) however there were higher rates of more severe morbidity in the 

obese groups when measured by BMI and waist circumference (p=0.049 and p=0.009). 

Conclusion: 

This study demonstrates that obesity measured by BMI and waist circumference, is not 

associated with increased overall morbidity but is associated with more severe morbidity. 

Obesity measured by waist-hip ratio is not associated with increased overall morbidity or 

more severe morbidity. 
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3.1 Introduction 

The prevalence of obesity in western society is ever increasing with more than 50% of 

the adult population of most western countries being either overweight or obese.  This results 

in a significant health burden with increasing rates of diabetes, heart disease and many 

cancers as well as a host of other medical conditions.  Obesity is a well established risk factor 

for colon cancer and for complicated diverticular disease and with increasing rates of obesity 

in our population we can expect to see a greater proportion of obesity in patients presenting 

for major colorectal surgery.[16, 40, 51, 64]  Anecdotally, obese patients are thought to be at 

greater risk following colorectal surgery, however depending on the type of surgery and the 

outcome variables studied, current data on the effects of body weight on surgical 

complications is neither consistent nor convincing.  Most studies are retrospective, have no 

standard definition of complications and many use different definitions and/or measurements 

of obesity [107, 145, 146].    

Dindo et al found that in patients undergoing elective general surgical operations there 

was no difference in complication rates between obese and non-obese groups. They argued 

that the perception of obesity as a major risk factor for surgery is an unfounded prejudice and 

that “the regressive attitude towards general surgery in obese patients is no longer 

justified”[82]. Ondrula et al, in their review of 960 colon resections in 825 patients studied 

the predictive value of 15 possible risk factors, including obesity, on operative outcome.  

Obesity, defined as > 30 percent over ideal body weight, was not a significant predictor of 

operative outcome.[132] 

Benoist et al reviewed 584 consecutive patients who underwent elective colorectal resection 

of which 158 (27%) were obese (BMI≥27). They found there was no significant difference in 

the number of patients having complications for right colectomy (32% vs. 23%), left 

colectomy (21% vs. 28%), or rectal resection (35% vs. 31%). 

With the current evidence not matching widely held beliefs I felt that a prospectively 

collected cohort of patients with clear definitions of both preoperative status and post-

operative outcomes may help shed further light on whether obesity impacts on outcomes 

following major colorectal surgery. 

 

3.2 Aim 

The aim of this study was to determine whether obesity impacted on the outcomes following 

major colorectal surgery in a prospectively collected cohort. 
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3.3 Methods 

Between February 1
st
 2008 and July 31

st
 2009, patients undergoing major colorectal 

surgery at Christchurch public and private hospitals as well as Southland hospital were 

enrolled in the study.   

Following informed consent, body mass index (BMI), waist circumference and waist-hip 

ratios were assessed according to standardized techniques described previously[29, 149].  All 

patients were assessed for preoperative physiological and operative parameters to enable 

calculation of the Portsmouth modification of the Physiological and Operative Severity Score 

for the enUmeration of Mortality and morbidity (P-POSSUM) and any high-risk comorbidity 

was identified using established criteria
19

.  

Major colorectal surgery was defined as abdominal surgery in which a laparotomy was 

performed for lower gastrointestinal pathology, or a procedure involving a bowel resection or 

anastomosis of the small or large bowel.  Patients undergoing simple stoma formation, 

perineal procedures and non-colorectal surgery were excluded.  Although emergency cases 

were not specifically excluded, the difficulty in obtaining anthropometric measurements 

before operation prevented their inclusion in this series. 

Patients were divided into groups according to BMI in kg/m
2
.  A BMI of <20 was defined as 

underweight, a BMI of 20-24.9 as normal weight, a BMI of 25-29.9 as overweight, and a 

BMI of ≥ 30 as obese.  Patients were also grouped using waist circumference and waist-hip 

ratio.  For waist circumference a cut-off of 88cm for women and 102cm for men was used to 

define those as obese.  These cut-offs correspond to a BMI of 30 and have been validated as a 

predictor of increased health risk and are adopted by the American National Institutes of 

Health.[41] For waist-hip ratio a cut-off of 0.85 for women and 0.95 for men was used to 

identify obese patients. 

Complications were identified according to established criteria both during the hospital 

admission and subsequent outpatient clinic.[150] Any readmission within 30 days was 

captured.  Blood transfusion data was obtained by cross referencing the patients NHI and date 

range of admission with the New Zealand blood service database. 

The primary endpoint was overall morbidity.  Secondary endpoints included mortality, 

infectious and wound complications, cardiac and pulmonary complications, DVT/PE, blood 

transfusion and anastomotic leak rates. All end points were well defined according to 

previously published criteria.[150] Morbidity was graded according to the Clavien-Dindo 
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classification of surgical complications.[151] Length of stay, ICU stay and operative time 

were also recorded. 

 

Table 3.1 Clavien-Dindo Classification of Morbidity[151] 

 
Grades  Definition  

Grade I  Any deviation from the normal postoperative course without 

the need for pharmacological treatment or surgical, endoscopic 

and radiological interventions.  
Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, analgetics, diuretics and 

electrolytes and physiotherapy. This grade also includes wound infections opened at the bedside.  

Grade II  Requiring pharmacological treatment with drugs other than 

such allowed for grade I complications. Blood transfusions 

and total parenteral nutrition are also included.  

Grade III  Requiring surgical, endoscopic or radiological intervention  

Grade III-a  intervention not under general anaesthesia  

Grade III-b  intervention under general anaesthesia  

Grade IV  Life-threatening complication (including CNS complications) 

requiring IC/ICU-management  

Grade IV-a  single organ dysfunction (including dialysis)  

Grade IV-b  multi organ dysfunction  

Grade V  Death of a patient  

 

 

Data was extracted using Microsoft Access and analysed using SPSS V17.0.  In the first 

instance the Pearson Chi-square test was used to compare outcome data between the four 

BMI groups. If this indicated significant effects these were further explored by comparing 

each of the three groups in a pairwise manner with the normal BMI group (BMI 20.0-24.9), 

using Fisher’s-exact test.  It is possible that any observed difference in outcomes between the 

BMI groups is not a direct consequence of the BMI itself but is related to the comorbidities 

often associated with increased BMI.  Further analyses were undertaken comparing the two 

waist-hip groups and the two waist circumference groups, using Pearson’s chi-squared. A two 

tailed p-value <0.05 was taken to indicate statistical significance. I estimated the incidence of 

obesity in our study population was 30% and that the incidence of overall complications was 

approximately 25% in non obese patients. A total of 370 patients would therefore give us an 

80% chance of detecting an increase in incidence of overall morbidity of 15% or more.  

Additionally for the four pre-specified BMI groups, assuming 30% of the sample is in the 

normal BMI group, we calculated that this sample size would provide sufficient power to 

enable comparison among BMI groups provided the differences in overall morbidity were 
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18% or more. Further with approximately 110 in each of the normal and obese BMI groups 

there is sufficient power to detect effect sizes as statistically significant for continuous 

measures greater than 0.3. 

Ethics approval was obtained from the Multi-Region Ethics Committee of the Ministry of 

Health. 

 

3.4 Results 

Overall 415 people were consented and enrolled in the study.  27 patients were excluded; 13 

patients for a procedure that was either not major or not colorectal, 12 did not have surgery (6 

due to comorbidity and 3 due to advanced metastatic disease, 3 patients declined surgery), 1 

patient could not be measured due to disability, and 1 patient remained an inpatient several 

months after the trial was closed (figure 1). The remaining 388 patients, 186 females and 202 

males, had complete data sets to be analysed. The median age was 68 with a range from 14-

92. 

 

Figure 3.1 Study exclusion flow chart 
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The baseline characteristics revealed some expected differences between the groups with 

increased rates of diabetes and less females in the obese group consistent with the distribution 

in the overall population. (table 1) Surprisingly the ASA score was different between groups 

however on a pair-wise analysis this was due to a higher mean ASA score in the underweight 

group compared to the other groups.  Similarly although there was no difference between the 

groups with respect to the P-Possum prediction of morbidity there was a difference in the 

prediction of mortality again due to increased predicted mortality in the underweight group. 

The case mix was not different between groups. 

 

 

 

 

Table 3.2 Baseline Characteristics   
  Underweight Normal 

Weight 

Overweight Obese P value 

N 26 119 148 95  

Age (median(range) 69(18-91) 69(14-92) 67(19-88) 67(37-85) 0.859 

% Female 69 56 40 44 0.006 

Median ASA 2 2 2 2 0.026 

P-POSSUM 

Morbidity 

51% 43% 42% 49% 0.096 

P-POSSUM 

Mortality 

10% 4% 5% 5% 0.016 

Comorbidity (%)      

Respiratory Disease 2 (8%) 5 (4%) 1 (1%) 4 (4%) 0.133 

Heart Disease 4 (15%) 10 (8%) 15 (10%) 9 (9%) 0.750 

Diabetes 0 10 (8%) 16 (11%) 21 (22%) 0.004 

Age >75 and Frailty 5 (19%) 22 (18%) 20 (14%) 17 (18%) 0.665 

Renal Impairment 0 1 (1%) 2 (1%) 0 0.661 

Case Mix (%)      

Right Colon  (123) 9 (35%) 43 (36%) 40 (27%) 31 (33%) 0.714 

Left Colon    (114) 5 (19%) 31 (26%) 51 (34%) 27 (28%)  

Rectal           (122) 10 (38%) 36 (30%) 44 (30%) 32(34%)  

Other             (29) 2 (8%) 9 (8%) 13(9%) 5 (5%)  

Laparoscopic/HALS 3 (12%) 12 (10%) 23 (16%) 5 (5%) 0.095 
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Body Mass Index 

Morbidity 

The overall morbidity was 44.6% and although it was highest in the obese group it was not 

statistically different between groups (p=0.095) Using the Clavien-Dindo classification to 

assess the severity of morbidity, patients in the obese group had significantly more 

complications of Clavien-Dindo grade 3 or greater than those in the normal weight group 

(20% vs.10.9%, p=0.049). 

Significant differences were noted between groups in infectious complications (p=0.011), and 

wound complications (p=0.012). We then used the Fisher’s-exact test to compare each of the 

four BMI groups with each other in a pairwise manner. The differences detected were found 

to be due to lower infectious complications in the overweight group and lower wound 

complications in the underweight group compared to the other groups. 

There was no statistical difference detected in specific complications including pneumonia 

(p=0.391), respiratory failure (p=0.184), cardiovascular events (p=0.168), anastomotic leaks 

(p=0.644) or gastrointestinal failure (0.424). I recorded no DVT and only 4 pulmonary 

embolus events. 

There was no statistically significant difference between groups with respect to length of stay 

(p=0.777), ICU stay (p=0.583), and operative time (p=0.089).  The number requiring ICU 

was greater in the obese group however again this did not quite reach statistical significance 

(14.7 vs. 6.7%, p=0.061).  
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Table 3.3    Body Mass Index Outcomes 

  Underweight 
Normal 
weight Overweight Obese p value 

            

Morbidity 50% 49.60% 36.50% 49.50% 0.095 

Mortality 2 2 2 2   

Infectious 
complication 15.40% 31.90% 19.60% 35.80% 0.011 

Wound complication 3.85% 21% 16.20% 29.50% 0.012 

Anastomotic leak 0 5(4.2%) 5(3.4%) 2(2.1%) 0.644 

            

            

Respiratory Failure 7.70% 3.40% 4.10% 9.50% 0.184 

Cardiovascular Event 11.50% 7.60% 6.80% 14.70% 0.168 

Renal Failure 0 0 0 0   

GI Failure 7.70% 7.60% 3.40% 7.40% 0.424 

Hepatic Failure 0 0 0 0   

Haematological 
Failure 0 0 0 0   

Inflammation/Sepsis 11.50% 13.40% 6.10% 10.50% 0.235 

Pneumonia 7.70% 2.50% 5.40% 7.40% 0.391 

DVT 0 0 0 0   

PE 0 0 1.40% 2.10% 0.434 

Blood Transfusion 34.60% 29.40% 19.60% 24.20% 0.181 

            

Hospital Stay (days) 9 8 7 10 0.777 

ICU Required 11.50% 6.70% 5.40% 14.70% 0.061 

ICU Stay (days) 0 0 0 0 0.583 

Return to Theatre 7.70% 7.60% 4.10% 8.40% 0.506 

Readmit 15.40% 9.20% 3.40% 6.30% 0.072 

Operative time 178 156 162 176 0.059 

 

 

 

 

While the complications and surgical outcomes did not reach statistical significance in most 

cases there was a pattern of results observed where normal weight and overweight patients 

had improved outcomes and lower complications which can be seen graphically in figure 3.2 

and 3.3. 
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Figure 3.2 Complications by BMI category 

 

 

Figure 3.3 Outcomes by BMI category 

 

 

Waist circumference 

Using waist circumference there was once again no difference in overall morbidity (47.7% vs. 

42.1%, p=0.266), however when the severity of the morbidity was assessed there was a 

highly significant difference with 17.8% of obese patients having a Clavien-Dindo of grade 3 

or greater versus 8.9% in the non-obese group (p=0.009). 

There were significantly more wound complications in the obese group than the non obese 

group (24.7% vs. 16.4%, p=0.041).  There were also more cardiac events (13.2% vs. 6.1%, 

p=0.016) and pulmonary embolic events (2.3% vs. 0, p=0.026) in the obese group.  No 

difference was seen in other complications. (Table 3.3) 

There was no difference in median hospital stay, median ICU stay or operative time and once 

again the percent requiring ICU did not quite reach significance (11.5% vs. 6.1%, p=0.057). 
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Table 3.4   Waist Circumference Outcomes 

 
Normal weight Obese p value 

  
F<88cm, 

M<102cm 
F≥88cm, 

M≥102cm 
 N 214 174 
 Morbidity 42.10% 47.70% 0.266 

Mortality 1.40% 2.90% 
 Infectious complication 23.80% 31.00% 0.112 

Wound complication 16.4% 24.70% 0.041 

Anastomotic leak 2.80% 3.40% 0.715 

Clavien-Dindo >3 8.90% 17.80% 0.009 

      
 Respiratory Failure 3.70% 7.50% 0.106 

Cardiovascular Event 6.10% 13.20% 0.016 

Renal Failure 0.00% 0.00% 
 GI Failure 6.50% 5.20% 0.57 

Hepatic Failure 0.00% 0.00% 
 Haematological Failure 0.00% 0.00% 
 Inflammation/Sepsis 9.30% 10.30% 0.742 

Pneumonia 3.30% 7.50% 0.063 

DVT 0.00% 0.00% 
 PE 0.00% 2.30% 0.026 

Blood Transfusion 26.20% 23.00% 0.47 

      
 Hospital Stay (days) 8   8 0.057 

ICU Required 6.10% 11.50% 0.057 

ICU Stay (days) 0.14 0.52 0.04 

Return to Theatre 5.60% 7.50% 0.457 

Readmit 7.00% 6.30% 0.788 

Operative time  167 163 0.630 

 

Waist-Hip ratio 

Using waist-hip ratio to define obesity there was once again no difference in overall 

morbidity in the obese versus non obese group (46.8% vs. 41.8%, p=0.323). Although there 

were more in the obese group with complications that were Clavien-Dindo grade 3 or greater 

this did not reach statistical significance (15.6% vs. 9.4%, p=0.071).  Both infectious 

complications (32.1% vs. 20.6%, p= 0.011) and wound complications (24.3% vs. 14.7%, 

p=0.019) were more common in the obese group however there were no other complications 

that were significantly different. (Table 3.4) 

Median length of stay and ICU stay were not different and the percent requiring ICU was also 

not statistically different.  Operative time was also not different between groups. 
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Table 3.5   Waist-Hip Ratio Outcomes 

 

Normal 
weight Obese p value 

  F<0.85,M<0.95 
F≥0.85, 
M≥0.95   

N 170 218 
 Morbidity 41.80% 46.80% 0.323 

Mortality 2 6   

Infectious 
complication 20.60% 32.10% 0.011 

Wound complication 14.7% 24.30% 0.019 

Anastomotic leak 1.80% 4.10% 0.182 

Clavien-Dindo >3 9.40% 15.60% 0.071 

        

Respiratory Failure 3.50% 6.90% 0.148 

Cardiovascular Event 7.10% 11.00% 0.183 

Renal Failure 0.00% 0.00%   

GI Failure 6.50% 5.50% 0.689 

Hepatic Failure 0.00% 0.00%   

Haematological 
Failure 0.00% 0.00%   

Inflammation/Sepsis 7.60% 11.50% 0.209 

Pneumonia 3.50% 6.40% 0.201 

DVT 0.00% 0.00%   

PE 0.60% 1.40% 0.446 

Blood Transfusion 23.50% 25.70% 0.625 

        

Hospital Stay (days)  8 8 0.433  

ICU Required 5.90% 10.60% 0.102 

ICU Stay(mean days)  0.15 0.44 0.116 

Return to Theatre 6.50% 6.40% 0.985 

Readmit 7.60% 6.00% 0.510 

Operative time 162  167 0.605 

 

3.5 Discussion 

In this study we assessed surgical outcomes using three different methods of measuring 

obesity.  Using Body Mass Index and waist circumference as measures of obesity there was 

no significant difference in overall morbidity however the obese group had significantly more 

severe complications (Clavien-Dindo classification 3 or greater). I found that wound 

complications were significantly higher in the obese groups using waist circumference and 

waist hip ratio as measures of obesity while infectious complication were higher only when 
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using waist circumference to define obesity. Cardiac complications and pulmonary emboli 

were also more common in the obese group defined by waist circumference. This raises the 

possibility that waist circumference may be a more sensitive predictor of adverse outcomes in 

obesity. 

Despite many outcomes not being statistically significant, when using BMI as a measure of 

obesity most of the endpoints had a reproducible U shaped distribution with greater numbers 

at the extremes of weight as demonstrated in figures 3.2 and 3.3.  This raises the possibility 

that the lack of significance may have been due to a type 2 error which is reasonable as the 

study was only powered to the primary outcome of overall morbidity. 

The other interesting finding was that for most data points the overweight group tended to 

have the lowest rates of complication. This suggests that, as has been shown in other series, 

there may be some protective effect from surgical complications of being moderately 

overweight[137, 138]. 

There are a number of weaknesses of this study which I acknowledge. Firstly there are a 

number of comorbid illnesses associated with obesity such as diabetes which may play a role 

in outcomes and could not be controlled for statistically due to our modest sample size. In this 

study 62% of diabetics had some form of complication however their mean BMI was 31.  To 

be able to separate diabetes from obesity statistically would have required a sample size of 

many thousands which was not achievable.  In the methods I elected not to exclude acute 

patients. In retrospect it was fortuitous that none were able to be recruited as acute patients 

may well have biased the results due to changes in their weight and waist circumference due 

to the acute illness and the possibility that these patients would have a different co-morbity 

profile than the elective patients. 

Another methodological problem relates to our power calculation.  This was initially 

calculated on the basis of a direct comparison of obese versus non-obese however during the 

data collection but prior to analysis we decided to change to the four BMI groups.  We 

retained the original power calculation because for WC and WHR we were still comparing 

obese versus non-obese groups.  A power calculation for the four BMI groups was 

subsequently performed which lead us to believe our sample size was still adequate to detect 

a difference although the difference in overall morbidity required increased from 15% to 

18%.  

I have used a cut-off for underweight of BMI<20 rather than 18.5 which is the WHO cut-off.  

This was done to obtain consistent groupings of 5 kg/m2 and it was hoped that with a cut-off 

at 20 kg/m2 it would allow us to obtain a better sample size for analysis in the underweight 
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group.  There is evidence that there may be poorer surgical outcomes in underweight patients 

however previous studies have found less than 5% of patients were underweight by WHO 

criteria.[137] we acknowledge that by straying from the WHO criteria we may have 

introduced bias. 

  

There were a number of factors that may have led to us not finding a significant difference in 

overall morbidity.  The overall complication rate was very high (45%) which probably 

reflects the fastidious nature of our follow-up which included minor complications such as 

superficial SSIs, UTIs and blood transfusions.  This resulted in a higher than expected rate of 

complications in the normal weight group, most of which were minor (75%), particularly 

when compared to the obese group (59% minor). This highlighted the benefit of using a 

validated scoring system such as the Clavien-Dindo classification to assess severity of 

morbidity. I chose Clavien-Dindo grade 3 as a cut-off because complications of this grade 

require intervention and are highly likely to alter the clinical course following major 

colorectal surgery while grade 1 and 2 complications include lesser issues such as those 

mentioned above. 

. While our primary endpoint of overall morbidity is not significant between BMI, WC, and 

WHR groups there was a significant increase in more severe morbidity in the obese groups 

measured by BMI and WC.  Any future research should take care to use some method of 

assessing severity of complications. There is evidence from our study and others that 

complications increase at both extremes of BMI and therefore future studies should categorise 

patients appropriately to determine exactly who is at increased risk of complications. 

Obesity is an increasing problem in our society and the various health related consequences 

of obesity pose a significant burden to health care provision in western countries.[9, 101] A 

number of studies have previously failed to show an increase in post operative morbidity due 

to obesity however there is still a belief among many surgeons that this is not the case[82, 

109] 

3.6 Conclusion 

 

This study demonstrates that obesity measured by BMI and waist circumference, is not 

associated with increased overall morbidity but is associated with more severe morbidity. 

Obesity measured by waist-hip ratio is not associated with increased overall morbidity or 

more severe morbidity. 
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Chapter 4 

The Impact of Obesity on the Cost of Major 

Colorectal Surgery 
 

Abstract 

Aim 

The aim of this paper was to determine whether obesity impacts on the cost of treating 

patients undergoing major colorectal surgery. 

Methods 

Between February 1st 2008 and July 31st 2009, consecutive patients undergoing major 

colorectal surgery at Christchurch Hospital, New Zealand were enrolled in the study.  

Following informed consent, body mass index (BMI) and waist-hip ratios were assessed 

using standardised techniques.  Patients with high surgical risk were identified using 

established criteria and all patients were assessed using p-possum. Cost analysis was 

performed using a Structured Query Language database.  Patients were analysed using 

accepted groupings for BMI, waist circumference and waist-hip ratios. 

Results 

 A total of 372 patients were enrolled in the study with 27 being excluded.  The incidence of 

diabetes was significantly higher with increased BMI (p=0.002) however all other 

comorbidities, including p-POSSUM scores, were not different between groups.  The case 

mix was also not significantly different between groups.  Obese patients (BMI≥30) were 

significantly more expensive than normal weight patients (BMI 20-24.9) ($20,072 versus 

$14,780(p<0.05)).  Patients with BMI 25-29.9 were next most expensive ($18,094) followed 

by patients whose BMI was <20 ($17,766).  Those patients with waist circumference above 

recognised standards for men and women also cost significantly more ($20,126 versus 

$15,672(p=0.014)).   

Conclusion 

This study demonstrates that excess body fat as measured by BMI and waist circumference is 

associated with a significantly increased cost of treatment for patients undergoing major 

colorectal surgery. 
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4.1 Introduction 

Obesity is now the most common nutritional disorder in the developed world and its 

incidence has trebled over the past three decades.[1]  In the United Sates the prevalence of 

obesity increased from 15% to 34% between 1980 and 2008.[6, 66] In New Zealand 62% of 

the adult population is either overweight or obese with similar numbers in Canada, Great 

Britain and Australia.[3-5, 9, 152] This dramatic change in the body habitus of our society 

has a profound effect on the prevalence of a host of medical conditions that challenge all 

health care professionals.   

The total cost of obesity is impossible to determine accurately due to the multitude of 

associated conditions and the immeasurable social costs. The English House of Commons 

Health Select Committee estimated the annual cost of obesity in England at £3.3-3.7 billion in 

2002.[153] In the United States the equivalent cost was  more than $92 billion in 2002.[154] 

Obesity is a risk factor for both colon cancer and diverticular disease so one can therefore 

expect that the obese will be overrepresented in those requiring major colorectal surgery. [40, 

63-65, 72, 73] For those managing and planning for the future of colorectal and general 

surgical units the impact of increasing numbers of obese patients on the cost of health care 

provision is an important issue.  This study reports our experience and assesses the impact of 

obesity on the cost of major colorectal surgery. 

 

4.2 Aim 

The aim of this paper was to determine whether obesity impacts on the cost of treating 

patients undergoing major colorectal surgery. 

 

4.3 Methods 

Between February 1
st
 2008 and July 31

st
 2009 consecutive patients who were planned to 

undergo major colorectal surgery at Christchurch Public Hospital, New Zealand were 

enrolled in the study.  

Following informed consent all patients had measurements taken of height and weight as well 

as measurements of hip and waist circumference according to standardised techniques 

described by Chan et al and Han et al.[155, 156]  All patients were assessed for preoperative 

physiologic and operative parameters to enable p-POSSUM calculation and any high risk 

comorbidity was identified using established criteria.[157]   
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 Major colorectal surgery was defined as abdominal surgery where a laparotomy was 

performed for lower gastrointestinal pathology or a procedure where a bowel resection or 

small or large bowel anastomosis was performed.  Patients undergoing simple stoma 

formation, perineal procedures and non-colorectal surgery were excluded.  While emergency 

cases were not specifically excluded the difficulty in obtaining anthropometric measurements 

preoperatively prevented the inclusion of any urgent cases in our series. 

Patients were divided into groups according to BMI in kg/m
2
.  A BMI of <20 was defined as 

underweight, a BMI of 20-24.9 as normal weight, a BMI of 25-29.9 as overweight, and a 

BMI of ≥ 30 as obese.  For waist circumference a cut-off of 88cm for women and 102cm for 

men was used to define those as obese.  These cut-offs correspond to a BMI of 30 and have 

been validated as a predictor of increased health risk and are adopted by the American 

National Institutes of Health.[41] For waist-hip ratio a cut-off of 0.85 for women and 0.95 for 

men was used to identify obese patients. 

The primary outcome measure was total cost. Secondary outcomes included component cost 

groups, length of stay, ICU stay, operative time, mortality, overall morbidity, infectious 

complications and anastomotic leak rates. 

Following accrual of all patients a cost analysis was performed in 2010. We used a structured 

query language (SQL) search of our hospital database developed at our institution for billing 

of non-resident patients.  This cost analysis assesses cost from the perspective of the district 

health board by searching all the hospital databases, including laboratory, radiology, 

pharmacy, and the patient management systems to compile services attributable to that 

patient.  Costs for individual episodes of care are based on the combinations of actual cost 

and standard costed items/services. For example items which can be inventoried (e.g. 1 litre 

of normal saline) are costed at their actual cost. Other items such as 1 hr of theatre time are 

costed based on weighted averages of use per service. This means an hour of theatre time has 

a specific costs attached to it which include the theatre costs, anesthetic and recovery costs, as 

well as the anaesthetist and nursing costs.  The operative time is recorded on the patient 

management system and from this we can calculate a cost. I believe that this programme 

fairly accurately estimates the actual cost of the hospital admission to the health system. All 

costs are reported in New Zealand Dollars.    

Data was extracted using Microsoft Access and analysed using SPSS V17.0.  Costing and 

duration data were not-normally distributed so data was analysed using non-parametric tests. 

In the first instance the Kruskal-Wallis test was used to compare outcome data between the 

four BMI groups. If this indicated significant effects these were further explored by 
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comparing each of the three groups with the normal BMI group (BMI 20.0-24.9), using 

Mann-Whitney U tests.  It is possible that any observed difference in costs between the BMI 

groups is not a direct consequence of the BMI itself but is related to the comorbidities often 

associated with increased BMI.  In order to address this possible confounding a general linear 

model, with cost as the dependent variable and the presence of comorbidities and BMI group 

as independent variables was used.  Further analyses were undertaken comparing the two 

waist-hip groups and the two waist circumference groups, using Mann-Whitney U tests. A 

two tailed p-value <0.05 was taken to indicate statistical significance. 

It was anticipated that over the 18 month period of the study about 350 patients would be 

recruited and approximately 25% of these would meet the criterion for obesity. This sample 

size would allow effect sizes >0.36 to be detected as statistically significant (two-tailed 

α=0.05) with 80% power.  If the standard deviation of the total costs was in the range $5,000-

$10,000 an effect size of 0.36 would equate to detectable differences of between $1,800 and 

$3,600. 

Ethical approval was obtained from the Multi-Region Ethics Committee of the ministry of 

health in New Zealand. 

 

 

4.4 Results 

Over the 18 month period of the trial 372 patients were enrolled and consented. A total of 27 

patients were excluded for a variety of reasons which left 345 patients to be analysed (see 

figure 4.1). Overall there were 164 women and 181 men with a median age of 69 years (range 

18 to 92).  

The mean cost per admission was $17,506. The patient groups were similar other than there 

were more males in the obese group and more females in the underweight group (p=0.012). 

Increasing BMI was associated with increased rates of diabetes (p=0.002) however there was 

no significant increase in other comorbidities or P-POSSUM scores with increasing BMI. 

There were relatively few laparoscopic or HALS resections as these techniques were just 

being introduced to our institution. There was no significant difference in case mix between 

BMI groups.  The baseline characteristics of the groups are summarised in table 4.1. 
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Figure 4.1 Exclusions flow chart 
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Table 4.1 Baseline Characteristics 
 

 
  Underweight Normal Weight Overweight Obese P value 

N 25 109 127 84  

Age (median(range) 69(18-91) 71(22-92) 68(19-88) 67.5(37-85) NS 

% Female 68 55 39 45 p=0.012 

Median ASA 2 2 2 2 NS 

Median P-POSSUM 

     (Morbidity) 51% 48% 44% 42% 

 

NS 

Comorbidity (%) 

    

 

Respiratory Disease 2 (8%) 6 (5%) 1 (1%) 4 (5%) NS 

Heart Disease 4 (16%) 10 (9%) 15 (12%) 9 (11%) NS 

Diabetes 0 10 (9%) 16 (13%) 21 (25%) p=0.002 

Age >75 and Frailty 4 (16%) 22 (20%) 20 (16%) 17 (20%) NS 

Renal Impairment 0 1 (1%) 2 (2%) 0 NS 

Case Mix (%) 

    

 

Right Colon  (107) 9 (36%) 38 (35%) 33 (26%) 27 (32%) NS 

Left Colon    (102) 5 (20%) 30 (28%) 45 (35%) 22 (26%) NS 

Rectal           (113) 10 (40%) 34 (31%) 39 (31%) 30 (36%) NS 

Other             (23) 1 (4%) 7 (6%) 10 (8%) 5 (6%) NS 

Laparoscopic/HALS 3 (12%) 11 (10%) 23 (18%) 5 (6%) NS 
 

 

 

Body Mass Index 

Total cost was significantly different between BMI groups with normal weight patients being 

the least expensive with a mean cost of $14,780 per admission (p=0.018).  When directly 

compared to the normal weight patients obese patients were significantly more expensive 

with a mean cost of their admission of $20,072(p=0.005), followed by overweight patients at 

$18,094 (p=0. 136) then underweight patients at $17,776 (p=0.07). 

Obese patients tended to have a greater length of stay (10 days versus 8 days) and operative 

time (163 mins versus 150 mins) when compared to normal weight patients but those 

differences were not statistically significant.  Mortality and overall morbidity were not 

different between groups however obese patients had significantly greater rates of infectious 

complications (p=0.019), primarily from surgical site infections. (See Table 4.2) 
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Table 4.2 Outcomes by BMI Categories 

 

Underweight 

(<20)  

Normal 

Weight (20-

24.9)  

Overweight 

(25-29.9)  

Obese 

 (≥30)  p value  

Total Cost ($) (mean) $17,776 $14,780 $18,094 $20,072 0.018 

Hospital Stay median (IQR)  9(7-13) 8(6-14) 8(6-12) 10(7-15) 0.056 

ICU Stay median (IQR)  0 (0-0) 0(0-0) 0(0-0) 0(0-0) 0.118 

Percent requiring ICU 12% 7.3% 6.3% 15.5% 0.071 

Operative time median(IQR)  150(120-200) 150 (105-195) 165(120-95) 163(120-210) 0.064 

Mortality 2(8%) 2(2%) 2(2%) 2(2%) 0.681 

Overall Morbidity  13 (52%) 54 (50%) 50 (39%) 45 (54%) 0.175 

Infectious Complications 4 (16%) 33 (30%) 26 (20%) 32 (38%) 0.019 

Anastomotic leaks 0 5 (5%) 5 (4%) 2 (2%) 0.641 
 

 

I used a general linear model to control for significant confounding variables and thereby test 

the significance of the independent contribution of BMI group to cost. The general linear 

model was used as both continuous and categorical variables were included in the 

multivariate analysis. These were diabetes, heart disease, respiratory disease, p-Possum score 

for morbidity and BMI group. Following this analysis obesity remained a statistically 

significant predictor of increased cost (p=0.015). 

When the overall cost was broken up into the component cost groups obese patients tended to 

be more expensive than normal weight patients in every component. Those that reached 

statistical significance are highlighted in bold in table 4.3. 

 

Table 4.3 Cost Sub-groups 

 

*Major cost groups are represented. Total cost includes other minor cost group. Significant results in bold. 

  Normal weight Obese p value  

Ward Costs $3,874.44 $5,117.22 0.094 
Includes Nursing staff & all costs associated with 

ward stays, including imprest drugs 

Doctor Costs $3,732.66 $4,589.16 0.031 
Includes all Dr costs for outpatients, surgery, 

ward visits etc 

Lab Costs $786.43 $887.63 0.284 Includes all  lab tests and services 

Blood Bank $208.51 $264.57 0.447 
Includes the costs of providing blood & blood 
products to patients 

Radiology $262.68 $495.68 0.002 
Includes the costs of X-rays, ultrasound, magnetic 

resonance, and computed tomography scans etc 

Clinical Support $261.21 $375.04 0.057 
Includes all  electrocardiograph and intravenous techs 

, allied health staff  & equipment etc 

Theatre Cost $4,139.96 $4,611.23 0.026 
Includes theatre, anaesthetic and recovery room 

costs. Anaesthetist and nurse costs are included 

Intensive Care  $336.77 $2,151.16 0.032 
Includes costs for intensive care, coronary care , 

and acute assessment units 

Implants $1,122.18 $1,285.31 0.344 
Includes implants and high cost disposable items used 

in theatre and procedure rooms 

Total Cost $14,779.92 $20,072.81 0.005  
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Waist Circumference and Waist-Hip Ratio 

I also looked at the impact of obesity as measured by waist circumference and waist-hip ratio 

on total cost.  Patients whose waist circumference was in the obese group had a significantly 

greater total cost ($20,126 versus $15,672 (p=0.014).   Patients in the obese category for 

waist-hip ratio also cost more however this difference did not quite reach statistical 

significance ($19,250 versus $15,868 (p=0.059)). 

 

 

Table 4.4 Outcomes for Waist Circumference and Waist-Hip Ratio 

  Waist Circumference     

  Low Risk High Risk p value 

  (Females<88cm and Males<102cm) 

(Females ≥88cm and Males 

≥102cm)   

        

Total Cost  (mean) $15,672 $20,126 0.014 

Hospital Stay (median days) 8 9 0.171 

ICU Stay (median days) 0 0 0.028 

Operative Time(median mins) 160 150 0.648 

        

  Waist :Hip Ratio 

 

  

  Low Risk High Risk p value 

  (Females<0.85 and Males<0.95) (Females ≥0.85 and Males ≥0.95)   

        

Total Cost (mean) $15,868 $19,250 0.059 

Hospital Stay (median days) 8 9 0.159 

ICU Stay (median days) 0 0 0.066 

Operative Time(median mins) 150 160 0.627 

     

 

 

4.5 Discussion 

In this study I found that obese patients undergoing major colorectal surgery are more 

expensive than normal weight patients. This difference was not small with obese patients 

costing 36% more to treat than normal weight patients. The literature on the effect of obesity 

on outcomes following general and colorectal surgery is less clear cut with several studies on 

morbidity following general and colorectal procedures have failing to show any effect of 

obesity on outcomes. [82, 147, 158-160] I was unable to identify any study on the impact of 

obesity on cost following major colorectal surgery. Radical prostatectomy but not cystectomy 

has been shown to be more expensive in obese patients although in these studies underweight 

patients were included in the “normal” weight group and this may have altered any 
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differences seen.[141, 142] Operating costs were greater for morbidly obese patients 

undergoing total hip arthroplasty (BMI ≥35).[144] 

There is undoubtedly some selection bias in these retrospective studies and the heterogeneity 

of outcome measures is also a major issue.  For example an anastomotic leak is clearly a more 

significant complication than a wound infection yet they are often both included as events in 

overall morbidity.  I believe that total cost may be a good surrogate for overall outcome as it 

indirectly gives weighting to morbidity as well as other aspects of treatment such as hospital 

stay, ICU stay, and prolonged theatre time.  All the small differences in outcomes which are 

not in themselves statistically significant may be revealed by a more global measure such as 

cost. 

Why the costs are greater is not clear.  In this study there was no difference in the overall 

morbidity or anastomotic leak rates however infectious complications were significantly more 

common in the obese group. A recent review of the influence of obesity on colorectal surgery 

suggested that there is an increase in wound infection, wound dehiscence, incisional site 

herniation and stoma complications. Obesity was also linked to anastomotic leaks, and that 

obese patients undergoing rectal resections may be at particular risk. Operation times are 

longer for rectal procedures in obese patients. Obese patients undergoing laparoscopic 

colorectal surgery were also found to be at increased risk of conversion to an open 

procedure.[131]   It may also be that obese patients create greater anxiety amongst medical 

staff due to their comorbidity and the difficulties that exist in their assessment and therefore 

have more tests, imaging, procedures, and more attention from staff and are effectively over 

treated.   

Weaknesses of this research include the heterogeneous nature of the procedures included, 

although there was a similar spread of procedures across the groups.  Diabetes was also more 

common in the obese group making however obesity was still an independent predictor of 

increased cost even when this was controlled for.  Interestingly the mean p-POSSUM 

prediction of operative morbidity was not different between groups indicating that, at least by 

this measure, obese patients were not at increased risk of morbidity. I also chose not to use 

the WHO cut-off for underweight of 18.5 kg/m2.  This was done for two reasons. Firstly to 

maintain consistent cut-offs of 5kg/m2 and keep the group sizes similar.  More importantly 

low BMI patients are at risk of morbidity and including them with normal weight patients 

may negate any differences.[161]  In fact our data followed a U or J shaped curve with high 

cost of treatment at the extremes of BMI.  I also recognise that the cost analysis is reliant on 

hospital databases and coding and is only our best estimation of the true cost of treatment.  It 
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is possible that there is some inherent bias in the costing calculation which would lead to 

greater costs in obese patients however I believe that is unlikely. It is only the cost from the 

perspective of the district health board and does not include any costs met by other health 

care providers or the patient themselves.  The cost calculation was performed in 2010 which 

was in some cases two years after admission and as such the costs may not represent the 

actual cost of that admission at that time and will not represent the cost of current treatment.  I 

don’t believe however that this would introduce any bias into the comparison of costs 

between BMI groups unless we have substantially improved our ability to manage obese 

patient more cost effectively. 

There is strong evidence that the risk of chronic disease such as diabetes and heart disease 

increases progressively in populations from a BMI of 21.[10] Surgical morbidity has not been 

shown to increase in the same way and indeed some studies have shown a protective effect of 

overweight and mild obesity with adverse outcomes more likely in those underweight or with 

moderate or severe obesity.[106, 129, 135, 137, 138] This is perhaps why many previous 

studies which defined “normal” as those with a BMI < 30 have failed to show a difference 

when compared obese patients.  Future studies of the impact of obesity on outcomes will need 

to consider this.  Health care administrators too need to appreciate the increased needs of 

patients at the extremes of BMI when planning future health care expenditure. 

 

 

4.6  Conclusion 

 

This study demonstrates that excess body fat as measured by BMI and waist circumference is 

associated with a significantly increased cost of treatment for patients undergoing major 

colorectal surgery. 
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Chapter 5 

Summary Chapter 
 

5.1 The Problem 

Obesity has increased exponentially over the last three decades and while there is some 

evidence that the prevalence is starting to plateau there is no evidence of obesity declining 

anywhere in the world. The New Zealand population is no different and particular ethnic 

group such as Pacific Islanders and Maori are particularly at risk.[9] 

There is good evidence from large population studies that obesity is associated with increased 

risk of a number of diseases however there is often a lag between onset of obesity and onset 

of comorbid conditions and we may therefore be just seeing the tip the iceberg[24, 29, 44, 47, 

52, 56, 112, 113].  Obesity increases the risk of colorectal diseases particularly 

diverticulitis[71, 74] and colon cancer.[51, 65, 67, 68]  We should therefore expect to see 

greater numbers of obese patients with these conditions. 

Obesity is considered to be a risk factor for a number of post-operative complications 

following colorectal surgery however the evidence for this is inconsistent and difficult to 

interpret. While some studies have suggested the obese are at greater risk others have not 

found a difference. If the perception that obese patients are at greater risk is misplaced then 

obese patients may be unfairly denied surgery which they would otherwise have received. 

There is already some evidence for this from Herrera et al who reviewed 941 patients of 

whom 547 underwent a general surgical operation.  They concluded that there was no 

significant difference in the rate of complications between obese (BMI >30) and non-obese 

patients.  However, 627of 393 (63%) of non-obese patients who presented to clinic 

underwent an operation while only 154 of 314(49%) obese patients underwent an operation.   

This difference is not explained and leads one to question whether there was a selection bias 

taking place and that some obese patients were not being offered surgery.[134]  

It may be however that obese patients are at greater risk of post-operative complications and 

that selection for surgery may be appropriate.  In that case it is vital that we fully understand 

what the increased risks are so that efforts can be directed to prevent negative outcomes in 

obese patients rather than to deny them care. 
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5.2 What this research tells us 

Chapter 2 

The first part of this thesis investigated the perception of New Zealand general surgeons of 

the risk of complications in obese patients undergoing colorectal surgery and compared this 

to the literature.  For all complications other than anastomotic leak more than 75% of general 

surgeons felt that obese patients were at greater risk. The literature supported the hypothesis 

that patients were at greater risk of wound infection, DVT/PE and anastomotic leak however 

for other complications including overall morbidity and mortality the evidence was not 

strong.  Surgeons felt obese patients incurred greater costs to hospitals however there is 

nothing in the literature to support this. 

There are a number of reasons why there may be a disparity between the surgeons and the 

literature.  It may be that they are aware of evidence in non-colorectal studies that suggest 

obese patients are at greater risk of complications and then extrapolate that data to include 

colorectal surgery.  There may also be a tendency for surgeons to assume that because obese 

patients are at increased risk of wound infections and DVT/PE then they might be at greater 

risk of other complications. While this is intuitive it ignores the possibility that obesity may 

be protective against some complications. It may be however that the surgeon’s views are 

more correct and the literature is flawed.  Certainly the quality of evidence is poor. All of the 

studies of outcomes following colorectal surgery are retrospective and there are no 

standardised definitions of either the complications or of obesity itself. Multiple different 

research strategies have been employed which makes it hard to give weight to one paper over 

another and firm conclusions are difficult to make.  

Chapter 3 

The second part of the thesis looked at outcomes following major colorectal surgery and in 

particular the rate of overall complications.  This demonstrated that obese patients are not at 

greater risk of overall morbidity (BMI p=0.095, WC p=0.266, WHR p=0.323) However when 

obesity was defined by BMI ≥30 or WC of 88 in women and 102 in men there was a 

statistically significant increase in those with more severe complications BMI (p=0.049), WC 

(p=0.009) Using BMI to define obesity there were many outcomes which were trending 

towards significance and had a reproducible U-shaped pattern of occurrence with increased 

numbers in both the underweight and overweight groups. Using WHR to define obesity I 

detected increased rates of infectious (p=0.011) and wound complications (p=0.019). Using 
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WC I detected significantly increased rates of wound infection (p=0.041) and also increased 

cardiac complications (p=0.016), and PE (p=0.026). 

 

Chapter 4 

The third part of the thesis explored the question of whether obese patients incurred greater 

cost to the hospital.  I used an SQL programme developed at our institution for billing non-

resident patients to analyse the total costs and component cost groups for each patient’s index 

admission. I also looked at other outcomes to determine which of these may be contributing 

to any cost difference seen. 

Obese patients (BMI≥30) incurred significantly greater cost than normal weight patients 

(BMI20-24.9) ($20,072 versus $14,780, p=0.005). Using a general linear model to control for 

the risk factors diabetes, cardiac disease, respiratory disease and P-POSSUM scores I found 

that obesity remained a significant predictor of increased cost (p=0.015).  The component 

cost groups of doctor costs, ICU, radiology, and theatre costs were all significantly greater in 

the obese group. The only other significant outcome variable was infectious complications 

which again was greater in the obese group (p=0.019) 

The cost was greater in the obese group using WC cut-offs (p=0.014) but not when using 

WHR cut-offs (p=0.059). 

This study is the first that we are aware of to demonstrate an increased cost in treating obese 

colorectal patients.  The difference in cost is not just statistically significant but fiscally 

significant. We calculated that obese patients cost on average 36% more than normal weight 

patients. In our cohort the case mix was similar between groups therefore for every three 

patients we treat who are obese we could have treated four normal weight patients. 

 

5.3 Future research 

Large databases such as the American College of Surgeons NSQIP database starting to 

provide us with much better information on the impact of obesity on outcomes due to the 

breadth of their sample and the numbers of patients whose data can be accessed.  This allows 

us detect differences in less common complications as well as smaller differences in more 

common complications.  Unfortunately these databases also have their problems.  Under-

reporting is a significant issue.  For example in the review of the NSQIP database by Fleming 

et al looking at rates of thromboembolic events, they report a thromboembolic event rate of 
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only 0.67%.[119] This is less than half the thromboembolic event rate reported in a meta-

analysis of randomised controlled trials which was 1.76%.[162]   

Future studies must not just record morbidity accurately but must also give some weight to 

that morbidity.  I used the Clavien-Dindo classification as it is a fairly simple tool to use 

however there are other scoring systems such as MedDRA SOC (Medical Dictionary for 

Regulatory Activities, System Organ Classification) which is more complex. 

Obesity is a continuous variable and as such any cut-offs are arbitrary however as much as 

possible these cut-offs should be standardised.  There is some value in using multiple 

categories as complications don’t tend to have a linear relationship with BMI. In a review of 

7,543 patients undergoing vascular surgery Davenport et al found that both morbidity and 

mortality followed a U shaped curve and that patients who were mildly obese (30<BMI≤35) 

had the lowest mortality rates even when adjusted for age, gender and operation type.[137] 

This draws into question a number of studies which compare non-obese with those who are 

obese.  Clearly if underweight individuals are at increased risk, this will significantly worsen 

the outcomes in the “non-obese” group negating any difference seen. Equally it is quite 

possible that the outcomes incurred by the very obese (BMI >40) are underestimated because 

this population is hidden inside the general obese population. Perhaps it may be more 

appropriate to compare multiple groups, underweight, normal, overweight, obese, and 

morbidly obese. However, once again grouping into so many categories requires larger 

numbers to show a difference. 

 Ideally a large multi centre prospective database with particular attention to obesity measures 

and assiduous collection of post operative outcome data would provide us with the best 

evidence possible. 

 

 

5.4 Conclusion 

Obesity represents perhaps the single most important health problem of our generation. With 

ever increasing rates of obesity a better understanding of the effects of obesity on all manner 

of health care outcomes will be essential.  This thesis has summarised the current body of 

literature and added to it by demonstrating in our cohort that obese patients were at increased 

risk of more severe complications. I have also provided the first evidence that obese patients 

undergoing major colorectal surgery incur significantly greater cost to the healthcare system.  

These results are important for clinicians and healthcare administrators who together will be 
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responsible for provision of care to an increasingly obese populous.  Further research into the 

effect of obesity on healthcare outcomes is essential because with better understanding we 

will be able to provide better healthcare in the future. 
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Appendix 2.1 Survey of New Zealand General Surgeons 

The Effect of Obesity on Outcomes Following Major 

Colorectal Surgery 

 

Please circle the response you feel is most appropriate: 

 

1) Obese patients are at greater risk of death following major colorectal surgery. 

 

Strongly Disagree----------Disagree------------Neutral-------------Agree-------------Strongly Agree 

 

2) Obese patients are at greater risk of Overall morbidity following major colorectal 

surgery.  

 

Strongly Disagree----------Disagree------------Neutral-------------Agree-------------Strongly Agree 

 

3) Obese patients are at greater risk of Cardiac Complications following major colorectal 

surgery. 

 

Strongly Disagree----------Disagree------------Neutral-------------Agree-------------Strongly Agree 

 

4) Obese patients are at greater risk of Respiratory complications following major 

colorectal surgery. 

 

Strongly Disagree----------Disagree------------Neutral-------------Agree-------------Strongly Agree 

 

5) Obese patients are at greater risk of Septic complications following major colorectal 

surgery. 

 

Strongly Disagree----------Disagree------------Neutral-------------Agree-------------Strongly Agree 

 

 

6) Obese patients are at greater risk of DVT/PE following major colorectal surgery. 

 

Strongly Disagree----------Disagree------------Neutral-------------Agree-------------Strongly Agree 

 

7) Obese patients are at greater risk of Anastomotic Leaks following major colorectal 

surgery. 
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Strongly Disagree----------Disagree------------Neutral-------------Agree-------------Strongly Agree 

 

8) Obese patients are at greater risk of Wound Infections following major colorectal 

surgery. 

 

Strongly Disagree----------Disagree------------Neutral-------------Agree-------------Strongly Agree 

 

9) Obese patients are at greater risk of Wound Dehiscence following major colorectal 

surgery. 

 

Strongly Disagree----------Disagree------------Neutral-------------Agree-------------Strongly Agree 

 

10) Obese patients are at greater risk of Incisional Hernia following major colorectal 

surgery. 

 

 

Strongly Disagree----------Disagree------------Neutral-------------Agree-------------Strongly Agree 

 

11) Obese patients incur Greater Costs to the hospital following major colorectal surgery. 

 

Strongly Disagree----------Disagree------------Neutral-------------Agree-------------Strongly Agree 

 

Thank you for your response.     

 Please return in envelope supplied 
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Obesity and Colorectal Surgery Data Sheet 
 

Name                                                                                   NHI 

Address  AFFIX PATIENT LABEL 

DOB   age       M F 

Surgeon 

 

Phone   (     )  

            

Preoperative Evaluation 
 

ASA   I II III IV V 

 

For POSSUM   See Appendix 3 

Age  Hb 

 

 

Respiratory Score 

 

 WBC 

 

 

CXR(Chest)  Urea 

 

 

Cardiac Signs 

 

 

 Na 

 

 

 

CXR(Heart)  K+  

Sys BP  ECG 

 

 

Pulse rate 

 

 GCS  

 Total physiologic score 

score 

 

 

 

Body Habitus 

 Ht (m)      Hip circumference (cm)   

Wt (kg)                                               Waist circumference (cm)   

 

Derived measures:           

BMI     Waist-Hip ratio    

 

MASTER definitions of high risk:  See appendix 1 for definitions

morbid obesity       
(>200% IBW) 
diabetes         
(fasting glucose >7.1 or on treatment) 

chronic renal failure (cr >200mmol/l)    

respiratory insufficiency      
   

major hepatocellular disease      

 

 

 

 

 

Cardiac disease within 2 years     

myocardial infarction   

myocardial ischaemia   

cardiac failure    

Age >75 and Two of       

Significant respiratory disease 

Cardiac dysrhythmia 

Hypertension 

Moderate obesity 

Frailty 

MI documented in past
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Obesity and Colorectal Surgery Data 

Sheet 

 

Name                                                                                   NHI 

Address  AFFIX PATIENT LABEL 

DOB   age       M F 

Surgeon 

 

Operative Record 
 

 Operation         

 

Date(dd/mm/yy)  (         /       /          ) 

 

Procedure (circle one) 

Open      Laparoscopic  

Semi-Acute    Elective 

Anaesthesia 

Epidural   Spinal opioids 

 

Duration (minutes)     

 

For POSSUM   See Appendix 3 

 Score 

 1 2 4 8 

Operative severity minor moderate major major + 

Multiple procedures 

 

1  2 >2 

Total blood loss <100 101-500 501-999 >1000 

Peritoneal soiling 

 

 

None minor local pus 

 

free pus/faeces 

Presence of malignancy none primary nodal mets distant mets 

Mode of Surgery Elective  Emerg 2-24h Emerg <2h 

 Total operative score        

score 

 

Intraoperative Complications 

 

Deviation from planned surgery yes   /   no    (details   

      ) 

Pathology 

 
Circle one: 

Cancer  

 

Stage   I   II  III  IV 

 

Benign Pathology 
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Obesity and Colorectal Surgery 

Data Sheet 

 

Name                                                                                   NHI 

Address  AFFIX PATIENT LABEL   

DOB   age       M F 

Surgeon 

Outcomes Record 
MASTER Outcome    (see appendix 2 for definitions) 

 

Postoperative Death    (30 days, any cause)  Yes   /    No   Date     

Respiratory Failure      Yes   /    No 

Cardiovascular event      Yes   /    No 

Renal Failure   (Cr rise >0.1 or Cr >0.3 or dialysis)  Yes   /    No 

GI failure    (GI bleed needing 2 unit transfusion; TPN) Yes   /    No 

Hepatic failure       Yes   /    No 

Haemotological failure     Yes   /    No 

Inflammation / Sepsis      Yes   /    No 

Pneumonia       Yes   /    No 

Confirmed DVT (on venous U/S)    Yes   /    No 

Confirmed PE (on CTPA or high probability VQ scan) Yes   /    No 

Total hospital stay(days)     

ICU stay (days)      

Return to theatre    Yes   /    No 

Superficial Wound infection   Yes   /    No 

Deep Wound infection   Yes   /    No 

Wound Dehiscence    Yes   /    No 

Intra-bdominal collection.   Yes   /    No 

Anastomotic leak    Yes   /    No 
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Appendix 3.2 

Obesity Project Consent Form 
 

 

 

I understand the purpose of this study is to assess the relationship between abdominal 

obesity and outcomes following major colorectal surgery.   

 

I understand that in addition to providing the usual medical information and 

undergoing a standard physical examination, I will have measurements taken of my 

height, weight, and waist and hip circumference. 

 

I have had an opportunity to discuss the study with the research team and I am 

satisfied with the answers I have been given. 

 

I have been provided with contact details for the research team if I have any questions 

about this study. 

 

I have had the opportunity to use my whanau or family to help me understand the 

study. 

 

I understand that whether I participate in this study or not I will receive the same 

standard of care for my condition. 

 

I have had sufficient time to consider whether to take part in this study 

 

I understand that taking part in this study is voluntary and that I may withdraw my 

consent at any time. 

 

 

 

 

I,                                                      (Full name) hereby consent to take part in this 

study. 

 

 

Participant’s signature:                                                  . 

 

Date (dd/mm/yy)           /      /        . 
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Appendix 3.3 

Master Trial Definitions of high Risk 
Transcribed from[150] 

 
Diabetes mellitus As defined by WHO: fasting blood glucose .>7.1 mmol/L or blood glucose 

> 11.1 mmol/L 2 h after 75 g oral glucose, or any patient, previously 

diagnosed, receiving antidiabetic medication. 

Chronic Renal Failure  

Serum creatinine > 0.20 mmol/L 

Respiratory Insufficiency 

Either type 1 (PaO2 <50 mmHg on room air)  

or type II (PaCO2 >50 mmHg) or COAD (FEV 1  < 1.0 L or FVC/VC ratio 

0.30)  

or restrictive lung disease (VC < 1 or < 30% predicted) or recent admission 

(within 2 years) with acute respiratory failure. 

 

Major Hepatocellular Disease 

Total bilirubin >100 micromol/L or Bilirubin > 40 micromol/L and Albumin 

< 30g/L 

Cardiac Failure Documented history within 2 years (symptoms and signs of left or right 

heart failure and a documented response to treatment), or documented 

LVEF of < 35% within previous 2 years 

Acute Myocardial Infarction  

Documented history within past 2 years two of : typical chest painof at least 

20 minutesduration, unless terminated by cardiac arrest or opioid analgesia ; 

appearance of new q wavws on ECG of at least 0.04 s in duration and 1mm 

in depth ; and raised cardiac enzymes. 

Myocardial ischaemia   

Documented history within previous two years of myocardial ischaemia on 

exercise testing, thallium scanning,or as a documented history of exertional 

angina considered diagnostic of myocardial damage by th testin laboratory 

 

Age > 75yrs plus two of 

Significant respiratory disease (Documented hospital admission for 

management of an acute exacerbation of chronic airways disease within the 

previous two years) ; 

Cardiac dysrhythmia (taking medication for a documented disturbance of 

cardiac rhythm for at least 3 of the preceding 24 months or requiring a 

pacemaker) 

 

Hypertension(either requiring two or more drugs to control blood pressure 

or uncontrolled hypertension( syst .>160 or diast >95) on current single 

agent therapy or no therapy 

 

Moderate obesity (150% or more of ideal body weight for height) 

Frailty (need in previous 12 months for assistance with activities of daily 

living) 

Myocardial infarction (documented history of myocardial infarction at any 

time) 
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Appendix 3.4 

Definition of Complications 

Copied from[150] 

 

 

 

Appendix 3.5 Clavien-Dindo Classification of 

Morbidity[151] 
 

 

 
Grades  Definition  

Grade I  Any deviation from the normal postoperative course without 

the need for pharmacological treatment or surgical, endoscopic 

and radiological interventions.  
Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, analgetics, diuretics and 

electrolytes and physiotherapy. This grade also includes wound infections opened at the bedside.  

Grade II  Requiring pharmacological treatment with drugs other than 

such allowed for grade I complications. Blood transfusions 

and total parenteral nutrition are also included.  

Grade III  Requiring surgical, endoscopic or radiological intervention  

Grade III-a  intervention not under general anaesthesia  

Grade III-b  intervention under general anaesthesia  

Grade IV  Life-threatening complication (including CNS complications) 

requiring IC/ICU-management  

Grade IV-a  single organ dysfunction (including dialysis)  

Grade IV-b  multi organ dysfunction  

Grade V  Death of a patient  
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Appendix 3.6 P-POSSUM Scoring (Copied from[163] 
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