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Abstract

The prevalence of being both underweight and overweight is 
increasing. It is critical that we understand how BMI contributes to 
human health and wellbeing. This literature review focusses on the 
impact BMI has on surgical outcomes and encompasses various 
procedures. The literature was reviewed from a variety of surgical 
journal publications over a period from 2008 to 2022.

Being underweight (BMI<18) carried increased risk of poor surgical 
outcomes, including mortality and morbidity. Numerous studies 
suggest that some degree of obesity (BMI>30) has a protective effect 
on mortality, giving rise to the ‘obesity paradox’, whilst others report 
the opposite effect. Despite this, the risk of significant morbidity 
increased as BMI increased.

Overall, BMI does have an impact on surgical outcomes, those who 
are underweight have an increased risk of mortality and morbidity. 
Those who are obese may carry lower risk of mortality, however, they 
have increased risk of significant morbidity.

Abbreviations

BMI – Body Mass Index

Introduction

Over the past 15 years the prevalence of those underweight 
(BMI<18), overweight (BMI>25 to BMI<30) and of obesity (BMI>30) 
has continued to increase.1 This highlights the importance of 

research into how BMI can impact on human health and wellbeing. 
The literature suggests that obesity can have a large impact on 
human health and the development of negative health outcomes 
such as hypertension, cardiovascular disease and diabetes mellitus.2 
However, this literature review focusses specifically on the impact 
BMI has on surgical outcomes and includes a variety of acute 
emergency surgeries as well as planned, elective surgeries. As 
the population ages and life expectancy increases, the number of 
surgical procedures an average person receives is also increasing. It 
is estimated that the average person will undergo approximately six 
major surgical procedures in an 85-year life.3 Therefore, it should be 
a priority to understand how different lifestyle factors, such as BMI, 
can impact surgical outcomes, so that we can better optimise patient 
care in the perioperative period.

Methods

A PubMed search was conducted to find relevant literature by 
searching for the keywords ‘BMI’ or ‘body weight’, and ‘surgical/
perioperative/operative outcomes’ in the title or abstract. The search 
was further refined by excluding any literature containing ‘bariatric 
surgery’ as this is not accessible to patients of all BMI groups and 
makes it difficult to ascertain the impact BMI has in these cases. 
Literature was selected that explored the relationship between BMI 
and surgical outcomes directly, specifically mortality and morbidity, 
but also other long-term health implications resulting directly 
from surgery. The main exclusion criterium was if the literature was 
outside the scope of the review, this included literature that had a 
primary focus on factors outside of BMI and surgical outcomes or did 
not explore the impact of BMI at all. Literature focussed on surgery 
undertaken by a single demographic was also excluded.

Inspire Student Health Sciences Research Journal | Autumn 2024

MEDICINE



Results

A total of 26,580 people across the USA, China, Japan and Germany 
were included and various procedures were chosen. These procedures 
include vascular surgery (aneurysm, cerebrovascular, amputation), 
intra-abdominal cancer surgery, otolaryngology-head and neck 
surgery, laparoscopic hepatectomy, oncological microvascular head 
and neck reconstruction, hepatic resection, total gastrectomy, and 
emergency laparotomy for high-risk abdominal emergencies.

Across the four studies that included an underweight (BMI<18) 
category there was a unanimous increase in 30-day mortality 
compared to a normal control group. This increase varied from 
31% for vascular surgical interventions 2 to 500% in major intra-
abdominal cancer operations after adjustment for confounding.4 In 
addition to increased 30-day mortality in the postoperative period 
those in the underweight category were shown to be more likely to 
need unexpected further surgery (P≤0.05), further increasing the 
risk of complications and mortality.2 A study into the outcomes of 
patients following hepatic resection identified a link between low 
BMI and risk of stroke. Those who were underweight were at 10 
times greater risk of stroke following the operation compared to the 
control group (P=0.014).8 In addition, the risk of morbidity in patients 
with low BMI was 25.4% greater following vascular surgery when 
compared to a control group. This arises from an increased risk of 
multiple complications, including a 70.8% increased risk of systemic 
infection, a 49.5% increased risk of respiratory complications and a 
32.8% increased risk of renal complications.2

Literature exploring total gastrectomy,9 hepatic resection8 and 
several emergency abdominal surgical procedures10 found that 
high BMI carried increased risk of mortality following surgery. For 
total gastrectomy for stage IV gastric carcinoma, individuals in the 
obese group had much lower chance of survival than those in the 
non-overweight group (P=0.045). Mortality 2 years post operatively 
for the overweight group was approximately equal to mortality5 
years postoperatively in the non-overweight group.9 The findings for 
hepatic resection and emergency abdominal surgery were similar, 
with an approximate 50% increased likelihood of mortality in hospital 
following surgery8,10 (P=0.003).10 In contrast, studies into vascular 
surgery, head and neck surgery and laparoscopic hepatectomy all 
reported either no impact or reduction in risk of 30-day mortality 
in individuals with high BMI, when compared to a normal BMI 
control group.2,4,5,6,7 In some cases this reduction could be as great 
as mortality being four times less likely in individuals who are obese 
when compared to a normal control group.5 Despite compelling 
evidence that a high BMI could be protective for mortality, risk of 
significant morbidity was associated with an increasing BMI.2,4,5,8,9,10 
Numerous studies reported longer operative time and increased 
risk of perioperative complications in patients with high BMI when 
compared to a control group.7,9,10 Complications included: greater 
blood loss during surgery,9,10 increased risk of pneumonia or other 
infection,2,4,8 needing to be reintubated following surgery5 and liver 
or renal failure (P<0.0001).8,10 Complications of this nature may go on 
to have a significant impact on an individual’s health and wellbeing. 
Therefore, they should be considered alongside mortality when 
assessing an individual’s suitability for a surgical procedure.

Figure 1 compares the 30-day morbidity and mortality rates with BMI 
class. As BMI class increases so does morbidity. However, mortality 
tends to decrease outside of the obese III category.4

Discussion

The impact of low BMI on surgical outcomes appears to be well-
documented and widely agreed upon.2,4,5,8 Across the literature that 
included an underweight (BMI<18) group there was a unanimous 
increase in mortality compared to a normal control group. In addition 
to this, the added stroke risk identified following hepatic resection8 
could result in significant disability and reduction in an individual’s 
quality of life. This could then lead to poorer outcomes in the form of 

reduced independence, inability to complete activities of daily living 
as well as an increased risk of premature death.

High BMI has been shown to have a largely negative impact on human 
health and wellbeing, but when it comes to surgical outcomes it is 
unclear what the impact of BMI truly is. Many studies suggest that a 
high BMI increases risk,8,9,10 whilst others suggest that some degree 
of obesity has a protective effect on 30-day mortality, known as the 
‘obesity paradox’,2,4,5,6,7 The ‘obesity paradox’ is the notion that obesity 
can reduce the risk of mortality and morbidity in the perioperative 
period, despite being a risk factor for many other poor health 
outcomes. This includes increased risk of cardiovascular disease, 
Type 2 diabetes, musculoskeletal disease such as osteoarthritis and 
cancer. It is not entirely clear where this protective effect arises from, 
although there has been a number of theories proposed. These 
include the idea that individuals with obesity are better nutritionally 
optimised, specifically relating to the levels of preoperative albumin.2 
Albumin has been shown to have an impact on mortality and 
morbidity, more specifically hypoalbuminemia is an independent 
predictor of increased mortality and morbidity following cardiac 
surgery.11,12 A meta-analysis into the impact of preoperative serum 
albumin levels on mortality and morbidity following cardiac surgery 
evaluated 22,553 patients and found that hypoalbuminemia was 
associated with an increased risk of mortality of between 66% and 
110%. Hypoalbuminemia was also associated with increased rates 
of complications including congestive heart failure, renal injury, 
infection, bleeding and atrial fibrillation.13

Other explanations include the idea that obese individuals generally 
have a greater lean body mass and peripheral body fat which could 
both be protective in the postoperative period. It is also suggested 
that the paradox could arise from a reduced inflammatory response 
to the trauma of surgery, or that there is a genetic confounding 
variable that increases the risk of having high BMI and reduces 
mortality following surgery.14

Evaluation of literature

There are some limitations to this research, arising from both the 
literature used and the usefulness of this literature review in isolation. 
Most of the literature included in this review are retrospective, cohort 
studies which use data from medical records, introducing selection 
bias.5,7,8,9,10 In addition, using medical records can be problematic as 
there is a risk that documentation is poor, and patient’s outcomes 
were not recorded. It also makes adjusting for confounding more 
difficult as many potential confounders may not be documented 
in medical records. This makes proving that BMI is causal of a given 
surgical outcome challenging. In addition, many of the operations 
carried out throughout the studies are elective, non-essential 
procedures where those deemed to be at the highest risk would 
be excluded from the study group, giving rise to procedural bias.4,5,7 

Many of the studies are also impacted by confounding bias as they 
only examine the association of one variable with an outcome. For 
these studies it is possible that other variables such as chronic illness 
or genetics could play a role in explaining the proposed association.

One of the main limitations with the scope of this review is that 
surgical outcomes are only one dimension when assessing the overall 
success, health and wellbeing of a patient following surgery. It does 
not account for other medical complications, or the psychological 
and emotional impact surgery may have on a patient, this is especially 
true for individuals who may have reduced ability to function and 
complete activities of daily living.

Table 1 shows all the literature used in this review and the potential 
biases and limitations identified.

Implications for further research

Further research into post-operative outcomes, outside of surgery, 
including medical and psychological complications would be a 
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good next step. This would give a more holistic perspective on 
overall patient outcome. In addition to this, further research into the 
physiology that underpins the ‘obesity paradox’ could be clinically 
significant and may give rise to the idea of physiologically optimising 
patients of all BMI groups in the preoperative period.

Conclusion

The impact of BMI on surgical outcomes has proven to be complex. 
The literature suggests that low BMI has strong evidence to support 
negative surgical outcomes, both morbidity and mortality. However, 
in patients with high BMI, whilst the risk of morbidity following 
surgery seems to mirror that of other disease, such as diabetes 
mellitus and cardiovascular disease, 30-day mortality unexpectantly 
appears to decrease as BMI increases. Many theories have been 
proposed to explain this phenomenon, yet it is clear more research 
is needed to understand why this occurs. Fully understanding this 
would prove very valuable to the surgical field and could improve 
surgical outcomes for many through physiologically optimising 
patients pre-operatively.
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Figure 1. Comparing mortality and morbidity rate by BMI group, created using data from Mullen et al 20084
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