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THESIS ABSTRACT 

 

An increase in worldwide obesity has led to much research into the health of the 

overweight and obese human population. Obesity is caused by many factors 

including poor dietary intake, stress and an increase in physical inactivity and has 

been found to cause multiple complications including cardiovascular diseases, some 

cancers, kidney diseases and musculoskeletal issues. Research involving hospital 

admissions of overweight and obese individuals has shown that there are 

uncertainties as to whether poorer hospital outcomes occur. The obesity paradox has 

also been demonstrated with lower mortality rates observed in patients who are 

obese or overweight with conditions including cardiovascular disease, diabetes and 

chronic obstructive pulmonary disease. 

 

The primary aims of this thesis were to determine whether morbid obesity (≥40kg/m2) 

was associated with a longer inpatient length of stay and whether weight loss 

between hospital admissions (more than 30 days from discharge to readmission) 

showed altered health outcomes from those who did not have any significant weight 

change.  

 

This research has demonstrated an increased length of stay in the morbidly obese 

which remained after adjusting for confounders including comorbidity, socioeconomic 

status and ethnicity. Weight loss was associated with poorer hospital outcomes 

(longer length of stay, longer length of stay in the intensive care unit (if admitted) and 

higher mortality) regardless of initial body mass index both during and after an 

unplanned hospital readmission.  
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CHAPTER ONE: INTRODUCTION AND LITERATURE REVIEW 

 

Introduction  

Weight is an important factor in the health of all humans because obesity and being 

overweight have a negative impact on the human population. Both conditions are 

defined by the World Health Organization (WHO) as an accumulation of excess body 

fat (WHO, 2021) which may impair health. The WHO defines an overweight person 

as one having a body mass index (BMI) of 25-29.9kg/m2 and a person with obesity 

as one having a BMI greater than 30.0kg/m2. BMI is calculated as a person’s weight 

in kilograms divided by the square of their height expressed in metres (WHO, 2021). 

Altered BMI cut off levels for Asian populations are recommended due to their health 

risks occurring at lower BMI levels (Consultation, 2004). For many years, there has 

been conjecture related to the validity of using BMI as a tool for investigating, 

describing and managing overweight and obesity. BMI is recommended for use at a 

population level rather than an individual level as it does not account for race, muscle 

mass or distribution of body fat (Nuttall, 2015, Goh et al., 2004, AIHW, 2022). 

However, BMI continues to remain a useful tool for research studies (Cereda et al., 

2017, Dennis et al., 2018, Woolley et al., 2019, Fusco et al., 2017, Akinyemiju et al., 

2016).  

 

World-wide, obesity has increased 3 fold in the past 50 years (WHO, 2021) and the 

state of being overweight or obese is now commonplace. In Australia, during 2017-

2018, these two conditions affected 67% of adults (i.e., those aged 18 years and 

older), with 36% being overweight and 31% obese. Men had higher rates of being 

overweight or obese than women with 75% of men affected compared to 60% of 

women. According to the Australian Institute of Health and Welfare (Health and 
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Welfare, 2023), obesity was more common in older age groups, with 42% of adult 

men and 39% of adult women aged 65-74 years being obese, compared to 18% of 

men and 14% of women aged between 18 and 24 years. 

 

Complications of obesity include cardiovascular disease, chronic kidney disease, 

musculoskeletal issues, diabetes mellitus and some cancers (AIHW, 2017). All these 

co-morbidities can either be prevented or improved by diet, exercise and intentionally 

changing behaviour with an aim of up to 10% weight loss (Goldstein, 1992, Poirier et 

al., 2006, Williamson et al., 2015, Ryan and Yockey, 2017). If one assumes that 

obesity carries health implications for hospital inpatients as well as community living 

populations, weight loss would be considered an obvious strategy to reduce levels of 

obesity both in the community and in hospitals. Disappointingly, widespread 

implementation of weight loss strategies is absent. In the primary health care setting 

only about 20% of subjects with obesity were diagnosed with obesity and only 22% of 

these patients (i.e. <5% of all subjects with obesity) were given an obesity 

management plan (Jarolimova et al., 2013). New technologies offer cause for 

optimism. The use of digital food diaries and weight loss applications is increasing 

and either method may be useful for encouraging weight loss to occur (Hanson et al., 

2021, Cheng et al., 2022). If weight loss does not occur, pharmacological therapy 

and/or bariatric surgery may be considered as a strategy to induce weight loss and 

reduce the increased cost of obesity in hospitals (Jarolimova et al., 2013, Kent et al., 

2017). When a patient with obesity is admitted to hospital, the admission can be an 

opportunity to address this condition.  Not only can hospitals encourage weight loss 

and prevent complications of obesity by providing the resources for bariatric surgery 

to inpatients (Tsui et al., 2021, Bleich et al., 2012), they can also facilitate ambulatory 

care in outpatient clinics (Lantz et al., 2003). These strategies are not always 

prevalent and may not be the primary consideration for treatment for inpatients with 
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obesity whilst in hospital. It is also unknown whether the community living patient with 

obesity or who is overweight and without a history of recent hospital admission may 

differ significantly in regard to comorbidities and potential weight loss interventions 

from the acutely unwell hospitalised patient with the same BMI.  

 

Inpatient obesity prevalence mirrors that observed in the community. One study 

measured the height and weight of all inpatients in one hospital on one day and 

found 22.3% were obese (Dennis et al., 2018). Regardless of their admission reason, 

inpatients with obesity tend to experience a longer length of stay (LOS) than similar 

patients with the same presentation who were within the normal weight range or 

overweight (Ram et al., 2021). A study of BMI and LOS in patients with gall bladder 

disease showed that higher BMI was associated with a longer LOS for patients who 

underwent cholecystectomy (Liu et al., 2008). Similarly, another study, involving 

3,399 chronic obstructive pulmonary disease (COPD) patients, also found that 

obesity was associated with a longer LOS for inpatients when compared to their non-

obese counterparts (Inabnit et al., 2018). However, this situation is not clear cut and 

needs further clarification. This clarification is crucial because any patient 

experiencing an avoidable or manageable condition contributing to a prolonged LOS 

may be a target for an intervention. Such interventions can enhance safety, efficiency 

and the overall cost-effectiveness of health care. 

 

Hospitals are under pressure to accommodate large numbers of patients (both 

elective and emergency admissions). Measures to reduce the inpatient LOS of any 

admission and measures to prevent admissions altogether are significant for 

hospitals (Ragavan et al., 2017). These measures would assist not only with 

hospitals’ financial burdens of care delivery but also would assist with creating 

hospital capacity (Ragavan et al., 2017, Rojas-Garcia et al., 2018). LOS of an index 
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admission is, amongst other factors, an important predictor of readmission rates 

(Table 1.1) (Ram et al., 2021, (Braet et al., 2015, Sharma et al., 2018, Maali et al., 

2018, Hua et al., 2015).  The avoidance or shortening of the duration of any 

readmission to hospital is also a target for health care improvement because these 

actions will also improve hospital congestion (Wong et al., 2010). 

 

Table 1.1. Factors that increase the risk of readmission 

Risk Factors 

Malnutrition Multiple visits to emergency departments in the 6 

months prior 

Corticosteroid use Charlson comorbidity index 

Age > 50 years Self-discharge against medical advice 

Use of illicit substances Poly pharmacy (use of >6 different medications) 

Socioeconomic status Living alone 

Longer inpatient length of stay Obesity 

Premature discharge  

(Allaudeen et al., 2011, Mudge et al., 2011, Ram et al., 2021, Braet et al., 2015, Caughey et al., 2017, Maali et al., 2018, Cruz et 

al., 2022, Sharma et al., 2018, Graham et al., 2015, Jepma et al., 2019, Kong and Wilkinson, 2020, Fernandez-Garcia et al., 

2020, Jensen et al., 2021) 

 

It is not just the hospital that benefits from shorter and fewer admissions and 

readmissions. Patient outcomes are also affected by inpatient LOS. Increased LOS 

can impact upon patients’ mental health, mobility and ability to perform activities of 

daily living safely (Rojas-Garcia et al., 2018, Ram et al., 2021). Being able to 

minimise LOS is therefore of advantage to both the hospital and the patient. 

Minimisation of LOS needs to be done carefully because premature discharge can 

increase the risk of hospital readmission (Rojas-Garcia et al., 2018). It therefore 

warrants the questions: Is the inpatient with obesity a potential target for a weight 
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loss intervention? Does the association of BMI with LOS mean that lowering BMI by 

weight loss will subsequently produce a shorter inpatient LOS and thus reduce health 

care utilisation?  

 

Within this complex array of competing demands for health care delivery, it is difficult 

to piece together the best strategy to optimise care of the patient with obesity and to 

optimise hospital function. How is the LOS of an admitted or readmitted patient with 

obesity to be shortened safely and efficiently? Is weight loss the answer? Is the 

hospital inpatient with obesity better or worse off than the inpatient who is not obese? 

Should weight loss be encouraged in the patient with obesity, recently hospitalised for 

acute illness, whether old or young, of slightly or significantly increased BMI? Is an 

inpatient who has lost weight to achieve a BMI of 30kg/m2 in a similar situation to an 

inpatient with a BMI of 30kg/m2 who has not lost weight? The literature on these 

questions is absent or divided. 

 

Literature review  

The impact of weight on the clinical outcomes of hospital inpatients.  

This literature review identifies research addressing whether weight, weight change 

between hospital admissions and obesity have an impact on clinical outcomes during 

hospitalisation. Table 1.2 indicates the definitions of weight used for the purpose of 

this thesis. 

 

Patients who are underweight have been excluded from this review due to significant 

research previously completed in this area (Finkielman et al., 2004, Woolley et al., 

2019, Potter et al., 1988, Mullen et al., 2009) which consistently indicated adverse 

health outcomes for this underweight population compared to those of normal weight. 
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Hospital staffing issues, outpatient clinics and most community obesity research has 

also been excluded from this review.  

 

Table 1.2. BMI definitions  

BMI (kg/m2) WHO 

definition 

This thesis 

<18.5  Underweight Underweight 

(Excluded) 

18.5 - 24.9  Healthy 

weight 

Normal weight 

25.0 – 29.9 Overweight Overweight 

30.0 – 34.9 Obese Mild Obesity 

35.0 - 39.9 Obese Moderate Obesity 

40.0 + Obese Morbid obesity 

 

 

As stated earlier, a significant burden of disease in the population at large is caused 

by overweight- and obesity-induced comorbidity (Must et al., 1999). Being overweight 

and/or obese has been linked to numerous diseases with resulting impact upon 

clinical outcomes. As mentioned earlier, these outcomes include an increase in the 

LOS of the patient with obesity (Chen et al., 2007, Akinyemiju et al., 2016, Liu et al., 

2008). Patients with morbid obesity (i.e. BMI ≥ 40kg/m2) experience increased 

complications after cardiac surgery, while those who are overweight or mildly obese 

may experience fewer adverse outcomes (Gao et al., 2016). In this study, 4,740 

patients underwent cardiac surgery at two different hospitals, with 5.8% falling into 

the category of morbid obesity. Interestingly, patients with mild obesity or those who 

were overweight (BMI 25.0 – 34.9kg/m2) had improved post-surgery outcomes when 

compared to underweight patients and those with morbid obesity (Gao et al., 2016). 

This observed benefit of obesity has been described as the obesity paradox (Curtis 
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et al., 2005, Mullen et al., 2009, Amundson et al., 2010, Iozzo et al., 2013, Gruberg et 

al., 2002). 

 

Considering the established association of obesity with various other co-morbidities, 

it might be safe to assume that all patients who are overweight or obese are at risk of 

experiencing poorer health outcomes compared to those with a normal body weight 

(Wilson et al., 2002, Calle et al., 1999). However, the sporadic observation of the 

obesity paradox challenges this assumption. Recent evidence (Doehner et al., 2012) 

suggests that patients with several comorbidities and an elevated BMI (BMI 25.0 – 

34.9kg/m2), may exhibit a lower mortality rate when compared to similarly co-morbid 

patients with a normal BMI. This observed mortality benefit of being obese or 

overweight (i.e. the obesity paradox), has been noted in patients with one or more of 

a range of conditions, including diabetes, cardiovascular disease, COPD, and cancer 

(Carnethon et al., 2012, Tobias et al., 2014, Elagizi et al., 2018, Landbo et al., 1999, 

Yoon et al., 2011). These findings conflict with the studies previously cited herein, as 

well as  other research demonstrating the disadvantages of increasing BMI on clinical 

outcomes (McEwen et al., 2012, Chaturvedi and Fuller, 1995, Liu et al., 2008, Inabnit 

et al., 2018, Chen et al., 2007, Akinyemiju et al., 2016, Calle et al., 1999, Wilson et 

al., 2002, Fusco et al., 2017).  

 

In contrast to prevailing evidence highlighting the deleterious effect of increased BMI 

on health outcomes (Calle et al., 1999, Wilson et al., 2002, Fusco et al., 2017), the 

term obesity paradox was coined in the early 2000s. This term is used to describe 

improved mortality rates observed in patients with a higher BMI (≥25.0kg/m2) when 

compared to those with a normal BMI (Curtis et al., 2005, Amundson et al., 2010, 

Gruberg et al., 2002).   
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The pathophysiology of the paradox remains unclear. It has been hypothesised that 

people with obesity have persistent low-grade inflammation present which allows 

macrophages to secrete adipocytes and cytokines, resulting in increased levels of 

tumour necrosis factors and interleukins 1 and 6. In the context of inpatient care 

among individuals with obesity, this heightened inflammatory response may allow for 

an augmented response to injury and improved tissue repair (Curtis et al., 2005, 

Mullen et al., 2009).   

 

Interestingly, the obesity paradox is not consistently present, and factors such as the 

degree of obesity and the patient’s age may influence its manifestation. In a 

prospective study conducted in the United States, comprising 118,707 patients who 

underwent non-bariatric surgery, lower mortality risk was observed in patients with a 

BMI between 25.1kg/m2 and 40.0kg/m2 compared to those with a normal BMI  

(Mullen et al., 2009). Conversely, a higher mortality risk was found in morbidly obese 

patients (BMI>40kg/m2) when compared to patients with a normal BMI (Mullen et al., 

2009). To illustrate the impact of  age on these paradoxical effects of obesity on 

health outcomes, a study of 10,466 consecutive patients hospitalised for 

cardiovascular disease in Italy revealed that patients aged 65 years of age and under 

had a higher mortality risk with a higher BMI (Iozzo et al., 2013). However, for 

patients aged over 65years, this study found a protective effect associated with 

increasing BMI (≥25kg/m2) against death from cardiac disease.  This protective effect 

of increasing BMI in the older subjects was also seen in a retrospective study of 

22,903 hospitalised patients (Woolley et al., 2019). In the age group of 60-79 years, 

overweight patients had a lower risk of prolonged LOS and adverse outcomes after 

discharge compared to normal weight patients. Similarly, in the same age matched 

group, patients with obesity also had a lower risk of adverse outcomes after 

discharge when compared to patients with a normal weight (Woolley et al., 2019). 
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The obesity paradox seems particularly noteworthy in those with a BMI under 

40kg/m2 who are aged over 60 years. An observational study of 24,699 elective 

hospital admissions found that patients with morbid obesity did not have an 

increased Charlson comorbidity index when compared to electively-admitted patients 

without morbid obesity (Fusco et al., 2017). This implies that patients with morbid 

obesity were less likely to be admitted to hospital for an elective admission if they 

were deemed at high risk perioperatively.   The paradox in electively admitted 

populations may arise, in part, from careful selection of subjects for therapy, 

potentially leading to biased results. 

 

Setting aside any obesity paradox, the inconsistent evidence regarding clinical 

outcomes of patients with obesity may, in part, be attributed to different cut-off values 

of BMI used to classify obesity in various studies (Despres, 2011). Alternatively, it 

could stem from the adverse effects of low BMI on outcomes or may relate to 

deficiencies in the BMI’s ability to accurately reflect fat mass. In addition, published 

studies vary on the basis of methodological issues such as the source of BMI data 

(self-reported or objective evidence), patient selection bias, and the presence of 

residual confounding (Nazare et al., 2015, Akinyemiju et al., 2016). Very few studies 

have explored clinical outcomes in patients with morbid obesity (BMI ≥40kg/m2) 

among hospitalised patients. It might be the case that older patients with mild obesity 

exhibit the obesity paradox and the heavier patient with more severe obesity does 

not (Table 1.3).  

  



 

19 

Table 1.3. Differing degrees of obesity on health outcomes 

Paper/Author Age range in 
years 
Mean ± SD 

Number of 
participants 

Study site Comparator Level of 
obesity 

Outcomes 

Finkelman et 
al (Finkielman 
et al., 2004) 

64.2 ± 15.9 
post operative 
60.9 ± 19.1 

non operative 

19,699 Hospital Normal Mild and 
moderate 

Decreased mortality in 
post operative patients 
admitted to the ICU 

Morbid Increased ICU LOS in 
post operative patients 
admitted to the intensive 

care unit 

Liu et al (Liu 
et al., 2008) 

Mean age 56 
years  

1,282,547 Hospital Normal Mild, 
moderate 

and morbid 

Increased risk of first 
hospital admission for 

gallbladder disease 
Increasing LOS with 
increasing BMI 

Mullen, et al 

(Mullen et al., 
2009) 

 

Mean age 

53.1  

118,707 Hospital Normal Mild Lower LOS, sepsis and 

mortality 
Increased superficial 
wound occurrence post 

operatively 
Increased morbidity with 
adjustments for age, 

gender and operation 
type and with further 
adjustments for significant 

NSQIP risk factors 

Moderate Increased superficial 
wound occurrence post 

operatively 
Increased morbidity  
Lower mortality with 

adjustments for significant 
NSQIP risk factors  

Morbid Increased superficial 

wound occurrence post 
operatively 
Increased mortality when 

adjusted for age, gender 
and operation type 
Increased morbidity 

Reeves, et al 
(Reeves et 
al., 2014) 

56.2 ± 4.9 
women 

1,251,619 Hospital BMI 22.5-24.9 Mild, 
moderate 
and morbid 

Increase in hospital 
admissions as BMI 
increases 

Largest increases in knee 
replacements and 
diabetes as BMI 

increases 

Johnson et al 

(Johnson et 
al., 2015) 

64.99 ± 10.04 78,762 Hospital Normal Morbid Significantly increased 

mortality 

Akinyemiju, et 

al (Akinyemiju 
et al., 2016) 

>=40 

Not given as a 
total but mean 
age per BMI 

grouping 
ranges from 
71.5 (for 

normal BMI) – 
56.9 (for BMI 
≥50) 

578,589 Hospital Normal Mild and 

moderate 

Lower LOS  

Increased mortality 

Morbid Increased LOS  
Increased mortality 
Increased complications 

in cancer patients  

Gao et al 
(Gao et al., 

2016) 
 

63.6 ± 12.4 4,740 Hospital Normal Mild Decreased in-hospital 
mortality 

Decreased surgical 
mortality 
Decreased ICU hours 

Moderate Increased new atrial 
fibrillation/flutter 

Morbid Increased deep sternal 
infection 
Prolonged ventilation 

Increased renal failure 
and renal dialysis 
requirement 

Increased RR30 

Fusco et al 
(Fusco et al., 

Morbid 
obesity 54.4 ± 

118,171 Hospital Non-morbidly 
obese 

Morbid Increased LOS, ICU 
admission rate and RR28 
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2017) 15.4  

Non-morbidly 
obese 56.7 ± 
21.1 

for emergency 

admissions 
Increased LOS, ICU 
hours and ICU admission 

rate for elective 
admissions 

Jensen et al 

(Jensen et al., 
2021) 

66 ± 9.4  

Range 26-97 

3,897 Hospital Normal Mild, 

moderate, 
and morbid 

No significant difference 

in LOS or RR90 when 
adjusted for other 
characteristics 

Ram et al 
(Ram et al., 

2021) 

18+ 
74 ± 13.7 

Non-obese 
67 ± 13.4 Mild 
+ Moderate 
62 ± 13.3 

Morbid 

578,213 Hospital Normal/overweight Mild and 
moderate 

Decreased in-hospital 
mortality at readmission 

Increased hospital costs 
at readmission 

Morbid Decreased in-hospital 

mortality at readmission, 
cardiovascular 
readmission as a reason 

for readmission 
Increased LOS and 
hospital costs at 

readmission and 
increased time to 
readmission 

Evans et al 
(Evans et al., 
2023) 

Mild obesity: 
45.7 ± 10.6 
Moderate 

obesity: 45.8 
± 10.3 
Morbid 

obesity: 45.3 
± 10.2 

28,583 Hospital Changes over an 
8 year time period 

Mild  Increased health care and 
health care costs 
Increased comorbidities 

including chronic kidney 
disease and HF 

Moderate  28% increase in health 

care costs compared to 
health care costs of mild 
obesity at 8 years  

Large increase in CKD 

Morbid  
 

 

40% increase in health 
care costs compared to 

health care costs of mild 
obesity at 8 years  
Increased level of HF and 

CKD year 7-8 

Must et al 
(Must et al., 

1999) 

25+ 15,001 Community Normal Mild and 
moderate 

No significant differences 

Morbid Increased prevalence of 
T2DM, gallbladder 

disease, CVD, high blood 
cholesterol level (<55 
years of age) and high 

blood pressure 

Calle et al 
(Calle et al., 

1999) 

Mean age 57 1,184,657 Community BMI  
23.5-24.9 kg/m2 

Mild, 
moderate, 

and morbid 

Increasing mortality with 
increasing BMI 

Global BMI 
Mortality 
Collaboration 

(Global et al., 
2016) 

 10,625,411 Community Normal Mild, 
moderate, 
and morbid 

Increasing mortality with 
increasing BMI 

Espallardo et 

al (Espallardo 
et al., 2017) 

18+ 

No further 
information 
given 

18,682 Community Normal Mild, 

moderate 
and morbid 

Increased number of day 

admissions, hospital 
admissions, emergency 
visits and specialist/GP 

visits, all increasing with 
increasing BMI 

Kent et al 

(Kent et al., 
2017) 

56.1 ± 4.8  

Range 50-64 

1,093,866 Community BMI  

20-22.5 kg/m2 

Mild, 

moderate 
and morbid 

Increasing hospital costs 

as BMI increases 

Khan, et al 
(Khan et al., 
2018) 

 

20-79 
Grouped into 
3 age groups  

20-39, 40-59, 
60-79 

190,672 Community Normal Mild and 
moderate 

Increased risk of CVD 
event 
Lower risk of death not 

caused by a CVD event 
(men) 
Increased risk of CVD 

death (men) 
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Morbid Larger increased risk of 

CVD event 
Increased risk of CVD 
death (men and women) 

Lower again risk of death 
not caused by a CVD 
event (men) 

 

LOS = length of stay, BMI = body mass index, NSQIP = National Surgical Quality Improvement Program, HF = heart failure, 

CKD = chronic kidney disease, CVD = cardiovascular disease, ICU = intensive care unit, RR90 = readmission within 90 days, 

T2DM = type 2 diabetes mellitus, RR30 = readmission within 30 days. Green = indicates improved outcomes when compared to 

the comparator. Red = indicates worse outcomes when compared to the comparator. Blue = indicates no significant differences 

when compared to the comparator 

 

A major limitation of existing studies is the lack of detailed data on associated co-

morbidities, patients’ socio-economic status and ethnicity–all of which have been 

identified as factors contributing to both obesity and patients’ clinical outcomes. A 

systematic review examining the risk of obesity in relation to socioeconomic status 

revealed that lower socioeconomic status is associated with a higher risk of obesity 

(El-Sayed et al., 2012). A cross-sectional study involving 17,238 male participants 

found that Non-Hispanic Whites and Non-Hispanic Blacks with a higher poverty 

income ratio (PIR; defined as the ratio of family income to the poverty threshold) 

were more likely to be obese than those with a low PIR (Zare et al., 2022). Notably, 

the PIR did not impact whether Mexican Americans were obese or not (Zare et al., 

2022). In a 20 year prospective study of 121,700 female participants, encompassing 

1,294,799 person-years of follow up, ethnicity including blacks, Asians and 

Hispanics, was identified as a significant risk factor for type 2 diabetes mellitus 

(T2DM) compared to whites, with a changing BMI highlighted as a significant 

contributing risk factor (Shai et al., 2006). This study demonstrated that for a 5-point 

increase in BMI, the relative risk of developing T2DM differed between ethnic groups 

and was highest in the Asian population, followed by Hispanics, whites and blacks.  

 

Being mindful of the likely different effects of differing degrees of obesity on health 

outcomes and acknowledging the past oversight of confounders such as the 

comorbidity burden, socioeconomic status, and participants’ ethnicity, the second 

chapter in this thesis aims to investigate the association between morbid obesity 
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(BMI ≥40kg/m2) and clinical outcomes in hospitalised patients, incorporating these 

crucial confounders. It is important to note that in this study, ethnicity data was only 

collected for patients who were identified as Aboriginal and/or Torres Strait Islander 

(ATSI), without further differentiation based on other ethnicities such as white, black, 

Asian, or Hispanic. 

 

However, there is little information on the effects of weight loss (as opposed to no 

weight loss) on health outcomes for the patient with obesity recently hospitalised for 

an acute illness. A prospective presented by Williamson (Williamson et al., 2015) 

indicated an average weight loss of 5.5% lowered the incidence of type 2 diabetes 

mellitus and improved risk factors for cardiovascular disease. However, it is 

reasonable to anticipate that even more substantial weight loss could lead to even 

greater improvements in individuals with obesity. Another review (Ryan and Yockey, 

2017) suggested that glycaemic improvement occurred after as little as 2.5% weight 

loss and health-related and quality of life improved after a 5% weight loss. This latter 

study looked at other factors including knee pain, mobility, sexual function and urinary 

incontinence. All of these issues improved after 5% weight loss. Non-alcoholic 

steatotic hepatitis activity score, however required 10% weight loss before significant 

pathological improvement could be seen (Ryan and Yockey, 2017). 

 

No studies have investigated weight loss after hospital admission for acute illness, 

nor have studies addressed the association of any weight loss with clinical outcomes 

following future admissions. Consequently, it is challenging to determine whether 

weight loss is advisable for every acutely unwell inpatient with any degree of obesity.  

 

While there are data suggesting improved health outcomes following 2.5-10% weight 

loss (Williamson et al., 2015, Ryan and Yockey, 2017), there is no evidence in the 
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literature demonstrating that this degree of weight loss correlates with reduced health 

care costs. A literature search failed to uncover any published studies examining the 

health care costs of patients who are readmitted to hospital for an acute illness 

following weight loss. In fact, weight loss may not necessarily result in cost-savings. 

Community based studies, including one involving 2,083 women in the United States 

with a mean age of 80.2 years, found that those who lost ≥5% of their initial weight 

incurred a 35% increase in total healthcare costs after adjusting for age and current 

BMI (Schousboe et al., 2018) when compared to those who did not show any 

significant weight change. This increase in health care costs occurred irrespective of 

initial BMI. However, when patient comorbidity and the ability to achieve activities of 

daily living were included in an adjusted statistic model, this increase in healthcare 

costs was no longer significant (Schousboe et al., 2018). This suggests that the loss 

of lean body mass as well as fat mass might have occurred, potentially leading to 

poorer health outcomes. Another community-based study involving 3,199 participants 

observed that employee attendance at a workplace wellness centre was associated 

with an improvement in BMI. The improvement was seen in 46% of participants who 

visited the wellness centre 180-360 times over a four-year period and in 72% who 

visited the wellness centre more than 360 times over the same period, compared to 

those who visited 1-60 times (both p<0.05). There was also a significant decrease in 

healthcare costs (28.1% for those who visited the wellness centre 61-180 times, 

29.7% for those who visited 180-360 times and 37.5% for those who visited more 

than 360 times) when compared to those who only attended the wellness centre 

between 1 and 60 times (Borah et al., 2015). These varying results may be related to 

age and gender of participants: Schousboe studied women with a mean age of 80.2 

years, while Borah had employed participants with a mean age of 44.4 years.  

Studies have also been published predicting higher costs will be incurred by patients 

with obesity as the incidence of obesity increases (Kent et al., 2017, Wang et al., 
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2011) in the absence of any work detailing whether weight loss might improve these 

projections. 

 

The impact of weight loss on the clinical outcomes of hospital inpatients.  

In certain scenarios, a patient with a lower BMI may experience better health outcomes 

when compared to a patient with a higher BMI. That patient’s lower BMI may either be 

the result of weight loss or be present without prior weight loss. While weight loss 

undeniably reduces BMI, the relevance of previous weight loss is of uncertain 

importance in the recently acutely unwell patient and is challenging to assess. Limited 

research has compared the outcomes of groups of patients with obesity who have 

undergone weight loss with the outcomes of patients with that lower BMI already (i.e. 

without previous weight loss). Consequently, it is challenging to confidently determine 

whether weight loss in itself, carries a significant impact. Beyond assessing the impact 

of ‘previous weight loss’ vs ‘no weight loss’ on BMI’s influence on health outcomes, 

addressing weight loss itself is complicated. Any weight loss that occurs may be 

intentional weight loss (IWL) or unintentional weight loss (UWL). While there is ample 

evidence supporting the beneficial effects of weight loss on health outcomes  

(Williamson et al., 2015, Tabucanon et al., 2020, Clausen et al., 2018), distinguishing 

IWL in hospitalised patients with obesity from the UWL of the chronically co-morbid is a 

challenging task.   

 

In a study conducted in the United States of America, 9,144 people aged 45 years and 

older were examined through self-reporting to assess whether they had experienced 

any weight loss and to determine whether  weight loss was intentional or unintentional 

(Meltzer and Everhart, 1995). This study found that UWL was associated with an 

elevated risk of mortality among the participants. This finding aligns with another study 

addressing UWL, which reported an increased mortality risk following UWL in patients 
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with heart failure and also in older adults, even after  adjusting for factors such as  

smoking, lack of physical activity and comorbidities (Perera et al., 2021). A prospective 

study of 2,677 patients attending an outpatient clinic identified an association between 

UWL and a diagnosis of malignancy. The increased mortality rate among these 

patients was primarily attributed to the high prevalence of those who had high stage or 

metastasised cancers (Bosch et al., 2017). A systematic review and meta-analysis 

published in 2018 (De Stefani et al., 2018) corroborated these findings, revealing a 

significant increase in overall mortality among patients with UWL. Importantly, this 

analysis indicated that obese patients experiencing UWL did not show benefit in terms 

of an improved cardiovascular mortality, contrary to the occasionally observed 

phenomenon reported as the obesity paradox. 

 

IWL on the other hand has been associated with lower overall mortality rates for both 

men (Williamson et al., 1999) and women (Williamson et al., 1995) but only under 

certain conditions. A study involving 49,337 overweight and obese white men aged 40-

64 years revealed an increase in diabetes-associated mortality for those who 

experienced a weight loss of 20 pounds (~8kg) or more, particularly when they had no 

known comorbidities. Interestingly, men with known comorbidities demonstrated a 

decrease in diabetes-associated mortality following this degree of weight loss 

(Williamson et al., 1999). The significance of comorbidities in influencing the benefits of 

weight loss was further underscored in another study by Williamson, focusing on 

females. In this investigation of 43,457 women aged 40-64 years, a reduction in 

mortality was observed with IWL, specifically in the context of pre-existing obesity 

related conditions. Those women without pre-existing obesity related conditions 

observed a smaller (but significant) reduction in mortality following IWL compared to 

those with pre-existing obesity related conditions. (Williamson et al., 1995). However, a 

recent narrative review into IWL in individuals aged 50 years and older found that IWL 
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produced no change in mortality rates, regardless of pre-existing BMI (Yannakoulia et 

al., 2022). 

 

While weight loss has been recognised for its potential to optimise general health and 

well-being, it can also be a reaction to, or a manifestation of an underlying illness or 

declining health. In one study involving 31,680 participants, individuals who 

intentionally, or otherwise, lost more than 10% of their body weight were found to 

have a higher likelihood of being diagnosed with conditions such as arthritis, 

diabetes, cancer, liver or respiratory diseases in the preceding 12 months compared 

to those who did not experience such significant weight loss.  

 

The weight loss observed in large epidemiological studies is commonly categorised 

as IWL or UWL. However, the accuracy of this categorisation is subject to 

questioning, because categorisation can be determined by the clinician or the 

individual. The associated ill-health implications of correct classification are 

significant. For instance, in a study examining individuals who lost >10% of their 

weight in the previous twelve months, those categorised as experiencing  UWL had  

a cancer diagnosis in 11.3% of cases,  while those with  IWL, were commonly  

diagnosed with diabetes (12.3%) (Vierboom et al., 2018).  IWL can improve long term 

prognosis in patients with coronary artery disease, whereas UWL may be associated 

with a poorer prognosis in the same patient population (Pack et al., 2014). A 

prospective study of 4869 older men (aged 56-75 years) found that IWL was 

associated with a reduction in non-cardiovascular disease (CVD) mortality but there 

was no significant difference in CVD mortality (Wannamethee et al., 2005). A meta-

analysis of 15 randomised control trials (RCTs) also found a significant improvement 

in all-cause mortality (15% reduction) among participants randomly assigned to the 

weight loss interventions compared to control arms  (Kritchevsky et al., 2015).  The 
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RCTs included in the analysis incorporated lifestyle-based weight loss interventions 

and classified weight loss as intentional, supporting the theory that IWL reduces 

mortality.  

 

The question arises: Is it the influence of comorbidity or the intentionality of the 

weight loss that is important? The field is complex. In a prospective study of 2, 677 

patients referred to an outpatient clinic in Spain to investigate UWL, 33% of patients 

were deemed to have their weight loss caused by a malignant process, 37% caused 

by non-malignant disorders (including digestive disorders, endocrine disorders, 

infectious diseases, neurological diseases, respiratory and renal diseases), 16% 

caused by psychosocial disorders and 14% were unexplained (Bosch et al., 2017). 

Other studies have also found similar strong associations of UWL with comorbidity 

(Bouras et al., 2001, Perera et al., 2021).  

 

Both IWL and UWL are linked to ill health, and both may contribute to heightened 

mortality risks (Wannamethee et al AIM 2005). If anything, UWL and not IWL is 

associated with a significant increase in all-cause mortality risk in older men 

(Wannamethee et al AIM 2005), although it is noteworthy that IWL driven by health 

reasons can also be associated with elevated mortality. A systematic review and 

meta- analysis published in 2014, encompassing 12 studies and 35,335 patients with 

coronary artery disease (CAD), aimed to determine whether weight loss was 

correlated with increased cardiovascular events while taking into account the reason 

for the weight loss (Pack et al., 2014). The authors found that patients with CAD who 

unintentionally lost weight faced an increased risk of cardiovascular events, while 

those who intentionally lost weight demonstrated a decreased risk of cardiovascular 

events (Pack et al., 2014). 
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Thus, when confronted with the possibilities that obesity and weight loss might both 

adversely affect health outcomes in some inpatient populations, it is inviting to clarify 

whether some inpatients with obesity should be advised to lose weight in order to 

expedite, if not optimise, their care upon potential readmission to hospital. This 

prompted a study involving 576 young adults at risk of CVD who experienced a weight 

loss of equal to, or exceeding 5% of their initial body weight. Out of this cohort, over 

half, (293; 51%) were identified as having IWL, while 283 (49%) had UWL (Cui et al., 

2019). Both groups exhibited changes in CVD risk factors. Notably, when UWL 

occurred and exceeded 6% within one year, the improvements in CVD risk factors 

were more pronounced than if IWL occurred and was greater than 6% within the same 

timeframe (Cui et al., 2019).  On average, the IWL group started with a higher BMI 

than the UWL group (IWL starting mean BMI 33.7kg/m2 compared to UWL 

(26.7kg/m2)). The cause of the weight loss was not determined in the study. It is 

possible there may have been disease processes which may be associated with 

changes in CVD risk factors. This study showed unexpected results and older adults 

have not been studied to determine whether this remains true.  

 

In summary, a patient’s age, comorbidity burden, degree of obesity, amount of any 

recent weight lost, duration of that weight loss (see below), and its intentionality are 

relevant factors that complicate weight management of the acutely unwell inpatients. 

Importantly, the relevance of acuity of illness remains relatively unexplored across 

populations of emergency-admitted hospital inpatients with obesity, electively admitted 

inpatients with obesity, and relatively healthy individuals living in the community with 

obesity. This raises fundamental questions: Should weight loss advice be universally 

offered to all inpatients? If so, how much weight loss is advisable and what method 

should be employed? Does a patient (possibly older or more obese) with IWL fare 

better post- discharge than a similar patient with UWL? Can a patient entering a lower 
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BMI category achieve outcomes comparable to an inpatient residing in the same BMI 

category with no prior weight loss? Answering these questions requires a careful 

strategic approach. Initially, as demonstrated in this thesis, an observational study can 

be conducted, examining patients admitted to hospital twice and weighed on both 

occasions. Subsequently, interventional studies can be performed using precise 

definitions of significant weight loss, distinguishing patients with IWL from those with 

UWL, and applying differing strategies for weight loss. These patients can be 

compared with BMI-matched patients who experience no weight loss.  

 

Weight loss and Readmission 

Flares in chronic conditions are frequently the cause of an unplanned hospital 

admission (Brunner-La Rocca et al., 2020, Allaudeen et al., 2011, Mudge et al., 2011, 

Ram et al., 2021, Braet et al., 2015, Graham et al., 2015) and admitted patients with 

chronic conditions  are often subsequently readmitted following their index admission 

(Brunner-La Rocca et al., 2020, Ram et al., 2021). These chronic conditions include, 

but are not limited to, chronic heart failure, chronic kidney disease, depression, 

metastatic cancer, bacterial pneumonia, COPD, hypertension and stroke. Notably, 

these chronic conditions not only elevate the risk of readmission but can also be 

associated with weight loss. In addition to  factors previously presented in Table 1.1, 

weight loss has also been identified as a risk factor  increasing the likelihood of an 

early readmission (within 30 days of discharge) (Allaudeen et al., 2011, Friedmann et 

al., 1997, Cruz et al., 2022, Sharma et al., 2017). However, none of the above-

mentioned studies explicitly addresses whether the weight change observed was 

deliberate or unintentional.  

 

The period of time over which weight loss occurs may also impact readmission risk. 

Studies suggest that rapid weight loss after discharge carries with it an increased risk 
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of early readmission (i.e., within 30 days of discharge) (Allaudeen et al., 2011). If 

weight loss occurs more slowly following discharge, is there any evidence regarding 

the clinical impact of weight loss? While unplanned hospital readmission is typically 

studied within 30 days following discharge, several studies have explored unplanned 

but delayed readmissions occurring more than 30 days after hospital discharge 

(Maali et al., 2018, Jepma et al., 2019, Ram et al., 2021, Friedmann et al., 1997, Hua 

et al., 2015, Mudge et al., 2011, Sharma et al., 2018). Unfortunately, none of these 

studies has examined the impact of weight loss prior to that delayed readmission and 

its impact on patient outcomes. While distinguishing IWL from UWL may be crucial, 

the impact of protracted weight loss, regardless of its aetiology, on health outcomes 

remains unknown. 

 

Typically, health outcomes measured after weight loss include LOS and readmission 

risk. As previously mentioned, readmission and a prolonged LOS during readmission 

impose a significant burden on already congested hospitals (Berenson et al., 2012, 

Hansen et al., 2011). If the associations of BMI and weight loss with these outcomes 

are better understood and if a patient’s outcomes are modifiable by altering their 

weight, then significant benefits might arise to the care of the inpatient with or without 

obesity.  

 

 

Aims 

Recognising the deficiencies, complexities and contradictions in the existing 

literature, this thesis addressed two primary issues. Firstly, we sought to determine in 

greater detail whether morbid obesity (BMI ≥ 40kg/m2) was associated with a 

prolonged inpatient LOS. Secondly, we aimed to understand whether weight loss 

before a readmission produces any differences in health outcomes during and 
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following an unplanned hospital readmission (UHR). These were observational 

studies that addressed specific inpatient populations such as older patients and 

patients with morbid obesity. These studies lay groundwork for the design and timing 

of future interventional studies discriminating IWL from UWL.  

 

To meet these aims, in the second chapter, we examined the association between 

morbid obesity and clinical outcomes in hospitalised patients (aged < 80 years), 

including important confounders such as comorbidity burden, socioeconomic status 

and ethnicity (ATSI) of participants. The hypothesis for this study was that 

hospitalised patients with morbid obesity would experience worse clinical outcomes 

than patients without morbid obesity after adjustment for these confounders. The 

primary outcome measure for this study was inpatient LOS. The secondary outcomes 

were in-hospital mortality, the number of hospital-acquired complications during 

admission, ICU length of stay, and 30 day readmissions. Patients were categorised 

into those with and without morbid obesity. 

 

Given the indication from the second chapter that patients with morbid obesity are 

more likely to experience a longer inpatient LOS, we explored whether weight loss 

after a hospital admission would result in a favourable outcome for the patient’s 

readmission. Therefore, the aims of the third chapter were several. The first aim was 

to determine whether any characteristics or outcomes of an index admission could 

identify patients who were more likely to change weight prior to a readmission. The 

second aim was to determine whether this weight change produces any differences 

in health outcomes during or following that readmission. This was studied in the 

population as a whole, in the older patients, and in the patients with morbid obesity. 

The hypothesis of this study was that weight loss before readmission predicts that 

readmission but also carries improved clinical outcomes when compared to those 
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who remained weight stable. This allows future work to explore the concepts and 

consequences of healthy and unhealthy weight loss; weight loss that may be 

deliberate or unintentional. 
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CHAPTER TWO 

 

Chapter two consists of the published paper ‘The Impact of Morbid Obesity on the 

Health Outcomes of Hospital Inpatients: An Observational Study’ 
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Figure 1. Study flow diagram. 

 
Table 2. Baseline patient characteristics. 

 
 
 
 
 
 
 
 
 
 
 

40–49 
50–59 

1270 (11.5) 
1783 (16.2) 

553 (12.2) 
901 (19.8) 

193 (19.2) 
230 (22.9) 

<0.001 

60–69 2397 (21.7) 1167 (25.8) 255 (25.4)  

70–79 3202 (29.0) 1271 (27.9) 174 (17.3)  

Charlson Index med (IQR) 0 (0,2) 1 (0,2) 1 (0,2) <0.0001 

Gender female n (%) 4455 (40.4) 2073 (45.6) 629 (62.7) <0.001 

Indigenous/Torres islander 
status n (%) 

328 (2.9) 134 (2.9) 43 (4.3) 0.176 

IRSD Quintile n (%)     

Q1 (most disadvantaged) 2505 (23.1) 1157 (25.8) 297 (30.0)  

Q2 2391 (22.2) 1105 (24.7) 259 (26.3)  

Q3 2147 (19.8) 866 (19.3) 183 (18.5) <0.001 
Q4 1844 (17.0) 717 (16.0) 128 (12.9)  

Q5 (least disadvantaged) 1942 (17.9) 634 (14.2) 122 (12.3)  

IQR, interquartile range; IRSD, index of relative socio-economic disadvantage. 

Variable Normal/Overweight 
Obese 

(Obesity Class 1 and 2) 
Morbidly Obese 

(Obesity Class III) 
p Value 

Number of subjects (%) n = 11,028 (66.5) n = 4547 (27.4) n = 1004 (6.1)  

Characteristics     

Age in years med (IQR) 60 (43,71) 61 (49,70) 56 (45,67) <0.0001 

Age categories (%)     

18–29 1346 (12.2) 272 (5.9) 71 (7.1)  

30–39 1030 (9.4) 383 (8.4) 81 (8.1)  
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CHAPTER THREE 

 

Chapter three consists of the published paper ‘The Impact of Weight Loss Prior to 

Hospital Readmission’ 
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CHAPTER 4: CONCLUSIONS, LIMITATIONS AND FUTURE DIRECTIONS 

 

Results summary 

This thesis addressed two issues: firstly, it determined whether morbid obesity (BMI ≥ 

40kg/m2) was associated with a longer inpatient LOS. Secondly, it addressed 

whether weight loss before a readmission produces any differences in health 

outcomes during and following an unplanned hospital readmission.  

 

In a cohort of 16,579 inpatients aged less than 80 years, those with a BMI over 

40kg/m2 experienced a slightly (but significantly (p=0.012)) longer inpatient LOS 

when compared with those of a lower BMI (those with a BMI below 18.5kg/m2 having 

been excluded). Other measured outcomes (in-hospital mortality, number of hospital-

acquired complications during admission, LOS in ICU (if admitted to that unit) and 30 

day readmission rates) showed no difference between populations. Whilst this finding 

of an adverse effect of obesity has been previously reported (Hauck and 

Hollingsworth, 2010, Akinyemiju et al., 2016) the present analysis was performed on 

the heaviest 6% of inpatients. The present analysis included important, previously 

unreported confounders such as the comorbidity burden, socioeconomic status and 

the ethnicity of the participants. The hypothesis for this study was proven; that after 

adjustment for these confounders, hospitalised patients with morbid obesity have 

worse clinical outcomes than patients without morbid obesity.  

 

The third chapter considered whether weight loss after a hospital admission would 

result in a more favourable outcome for the patient should they be readmitted. The 

first aim of Chapter 3 was to identify patients who were more likely to change weight 

prior to a readmission. The second aim was to determine whether this weight change 
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produced any differences in health outcomes during or following that readmission. 

Here, we found that those who were going to lose weight prior to a readmission were 

identifiable on the basis of their age, their co-morbidity burden, the LOS of their index 

admission and their BMI at the time of their index admission. Unexpectedly however, 

after adjustment for age, BMI, CCI, LOS and LOS in ICU (if admitted to that unit) if 

the patient was readmitted, those who had lost weight prior to that readmission were 

worse off (longer inpatient LOS, LOS in ICU (if admitted to that unit) and higher 

mortality) when compared to those who remained weight stable. Data for weight 

changes over time after discharge for those patients who were not readmitted was 

not captured in this study. 

 

Sub-analysis (BMI <40kg/m2 or ≥40kg/m2) 

A sub-analysis of the data from the third chapter was performed looking at the clinical 

outcomes for patients categorised according to their BMI (<40 or ≥40kg/m2) at their 

first admission. This analysis compared those who had lost >5% of their weight 

between hospital admissions to patients who remained weight stable between 

hospital admissions. The outcomes were assessed using a 2-sided type 1 error rate 

of alpha = 0.05. This sub-analysis indicated patients with a BMI ≥40kg/m2 at their first 

hospital admission who lost >5% of their original weight did not have a significantly 

different LOS or a significant change in one year mortality when compared to those in 

an equivalent BMI category who were weight stable (Table 4.1). Those with a BMI 

<40kg/m2 who lost >5% of their original weight had a significantly increased LOS, 

LOS in ICU (if admitted to that unit) and one year mortality rate when compared to 

those in an equivalent BMI category who remained weight stable. 
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Table 4.1. Outcomes and characteristics of readmission when patients had lost >5% 

of their body weight from their initial admission categorised into those with BMI 

<40kg/m2 and BMI ≥40kg/m2 at their initial admission 

Outcome/Characteris
tic 

Stable weight  Weight loss>5% P valueb 

 BMI 
<40kg/m2 

BMI 
≥40kg/m2 

BMI 
<40kg/m2 

BMI 
≥40kg/m2 

BMI 
<40kg/m2 

BMI 
>40kg/m2 

Total n=1310, n (%) c 759 (49.09) 37 (40.66) 484 (31.31) 30 (32.97)   

Age (years), median 
(IQR) 

74 (58,84) 64 (54,71) 75 (61,84)  56.5 
(52,70)  

<0.001 0.031 

Gender: Male, n (%) 436 (57.44) 8 (21.62) 246 (50.83)  6 (20.00) 0.044 0.272 

Charlson index, 
median (IQR) 

1 (0,2) 2 (0,3) 1 (0,3)  1 (0,2)  <0.001 0.147 

LOS days, median 
(IQR) 

5 (3,11) 7 (3,12) 7 (3.5,14)  7 (4,12)  <0.001 0.146 

In-patient mortality, n 
(%) 

10 (1.32) 0 (0.00) 14 (2.89) 0 (0.00) 0.145 0.244 

One year mortality a, n 
(%) 

77 (10.28) 1 (2.70) 84 (17.87)  1 (3.323) <0.001 0.693 

ICU admission, n (%) 38 (5.01) 7 (18.92) 29 (5.99) 3 (10.00) 0.449 0.205 

ICU hours, median 
(IQR) 

69 (40,101) 71 (47,88) 86 (62,175)  145 
(68,167)  

<0.001 0.017 

NOS, n (%) 
Home 
Other 

 
619 (81.55) 
140 (18.45) 

 
30 (85.08) 
7 (18.92) 

 
652 (72.73) 
132 (27.27) 

 
22 (73.33) 
8 (26.67) 

 
0.167 
 

 
0.476 

RR30 a, n (%) 162 (21.34) 7 (18.92) 111 (22.93) 9 (30.00) 0.683 0.571 
BMI=body mass index (kg/m2), LOS= length of stay, ICU = intensive care unit, NOS = nature of separation, RR30 = readmission 
within 30 days, IQR = inter-quartile ratio, a excluding inpatient mortality and 30 day mortality, b when compared to weight stable 

group, c n (%) do not add up to 100% as weight gain group was not included in table 

 

Therefore, weight loss for patients with morbid obesity who lost >5% of their original 

weight did not produce detectably worse outcomes for the patient when compared to 

the outcomes for those who remained weight stable. Admittedly, numbers of patients 

with morbid obesity were small in this sub-analysis (n=30 and 37) limiting the power 

of the analysis. 

 A multilevel regression model adjusted for age, sex, elapsed days (from day of 

discharge of first admission to the day of readmission), CCI, IRSD and 

Aboriginal/Torres Strait Islander (ATSI) found an increase in LOS, one year mortality 

and hours spent in ICU (if admitted to that unit) for those patients who lost weight 

between admissions when their initial BMI was <40kg/m2.  Additionally, for patients 
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admitted to ICU who had lost weight prior to their readmission, there was a significant 

decrease in ICU hours (if readmitted to that unit) when their BMI was ≥40kg/m2.  For 

the BMI sub-analysis, even though (or because) numbers are very small, there is a 

suggestion that >5% weight loss in the morbidly obese is not as harmful for the 

patient as >5% weight loss in those with obesity but a BMI below 40kg/m2.   

 

Table 4.2. Multilevel regression model for patients had lost >5% of their body weight 

from their initial admission categorised into those with BMI <40kg/m2 and BMI 

≥40kg/m2 

     BMI<40kg/m2   BMI≥40 kg/m2         P value 

Outcome OR/IRR 95% CI P value OR/IR
R 

95% CI  

LOS 1.30 1.26, 1.35 <0.001 1.03 0.87, 1.22 0.721 

One year mortality a 1.58 1.09, 2.30 <0.001  N/A  N/A  N/A 

ICU hours  2.16 2.06, 2.70 <0.001 0.80 0.69, 0.92 0.002 

ICU admission 1.06 0.63, 1.79 0.454 0.36 0.05, 2.40 0. 289 

RR30 0.88 0.67, 1.17 0.509 0.46 0.12, 1.69 0.378 
OR/IRR = Odds Ratio or Incident Rate Ratio, CI = Confidence Interval, multivariate analysis: adjusted for age, sex, elapsed 
days from discharge of first admission to readmission, Charlson index, socioeconomic status and Aboriginal/Torres Strait 
Islander status. BMI=body mass index, LOS= length of stay, ICU = intensive care unit, RR30 = readmission within 30 days. a 

excluding inpatient and 30 day mortality 

 

Sub-analysis (<80 years or ≥80 years) 

A sub-analysis of the data from the third chapter looked at patients categorised as to 

whether they were aged <80 years or ≥80 years at their first admission. This analysis 

indicated an increased LOS and one year mortality in patients who lost weight when 

compared to those outcomes in the stable weight group. This finding was the same in 

both age categories (Table 4.3). 
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Table 4.3. Outcomes and characteristics of readmission when patients had lost >5% 

of their body weight from their initial admission categorised into those aged <80 years 

and ≥80 years 

 

 

Patients aged <80 years who lost weight between hospital admissions had a higher 

comorbidity index than those who didn’t have any weight change and an increased 

number of hours spent in ICU (if they were admitted to that unit). Patients ≥80 years 

at their index admission who lost weight had a significantly lower number of hours 

spent in the ICU (if admitted to that unit) compared to the stable weight group. For 

this age-related sub-analysis, there is little difference between these results and 

those seen in the third chapter.  

 

A multilevel regression model adjusted for age, sex, elapsed days, CI, IRSD, BMI 

and ATSI for those who lost weight between admissions demonstrated a significantly 

LOS= length of stay, ICU = intensive care unit, NOS = nature of separation, RR30 = readmission within 30 days, IQR = inter-

quartile ratio, a excluding inpatient mortality and 30 day mortality, b when compared to age compatible and weight stable group, c 

total (%) do not add up to 100% as weight gain group was not included in table 

Outcome/Characteristic          Stable weight          Weight loss>5%      P valueb 

Age, years <80yrs ≥80yrs <80yrs ≥80yrs <80yrs ≥80yrs 

Totalc n=1060 (<80 yrs); 
n=577 (≥80 yrs)  

503 (47.45) 288 (49.91)  329 (31.04) 182 
(31.54) 

  

Gender (male (n, %)) 285 (56.66) 160 (55.6) 174 (52.89)  81 (44.51) 0.548 0.065 

Charlson index, median 
(IQR) 

1 (0,2) 1 (0,2) 1 (0,4)  1 (0,2) <0.001 0.117 

LOS, median (IQR) 6 (3,12) 5 (2,11) 8 (4,15)  7 (3,12)  <0.001 <0.001 

In-patient mortality, n (%) 5 (0.99) 5 (1. 74) 8 (2.43) 7 (3.85) 0.242 0.371 

One year mortality a, n 
(%) 

47 (9.44) 32 (11.31) 49 (15.22) 39 (22.29)  0.025 0.004 

ICU admission, n (%) 38 (7.55) 8 (2.78) 32 (9.73) 2 (1.10) 0.481 0.456 

ICU hours, median (IQR) 69 (41,101) 80.5 
(43.5,112.5) 

93.5 (66,171)  35 (15,55)  <0.001 <0.001 

NOS, n (%) 

Home 
Other 

 
418 (83.10) 
85 (16.90) 

 
229 (79.51) 
59 (20.49) 

 
249 (75.68) 
80 (24.32) 

 
124 
(68.13) 
58 (31.87) 

 
0.136 

 
0.050 

RR30a, n (%) 114 (22.66) 56 (19.44) 85 (25.84) 35 (19. 23) 0.281 0.996 
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increased LOS and A multilevel regression model adjusted for age, sex, elapsed 

days, CI, IRSD, BMI and ATSI for those who lost weight between admissions 

demonstrated a significantly increased LOS and one year mortality regardless of 

patients’ age category at the time of their first admission (Table 4.4).  Of those 

patients admitted to an ICU, those aged <80 years at first admission had an 

increased LOS in ICU (if admitted to that unit) whereas those aged ≥80 years spent a 

significantly shorter period of time in ICU (if admitted to that unit).  

 

These were observational rather than interventional studies. They address specific 

populations namely the younger patient and the patient with morbid obesity. They lay 

the groundwork for the design and timing of appropriate interventional studies 

described and discussed later. 

 

Table 4.4. Multilevel regression model for patients had lost >5% of their body weight 

from their initial admission categorised into those aged <80 years or ≥80 years of age 

at the time of their initial admission  

 Age <80 years Age ≥80 years 

Outcome OR/IRR 95% CI P value OR/IRR 95% CI P value 

LOS 1.46  1.40, 1.52 <0.001 1.14 1.07, 1.21 <0.001 

One year mortality a 1.72 1.12, 2.64 0.013 2.33 1.33, 4.09 0.003 

ICU hours  2.04 1.95, 2.13 <0.001 0.18 0.14, 0.23 <0.001 

ICU admission 1.32 0.81, 2.16 0.271 0.40 0.08, 1.99 0.265 

RR30a 0.84 0.61, 1.16 0.295 0.94 0.58, 1.53 0.805 
OR/IRR = Odds Ratio or Incident Rate Ratio, CI = Confidence Interval, multivariate analysis: adjusted for age, sex, BMI, 

elapsed days from discharge of first admission to readmission, Charlson index, socioeconomic status and Aboriginal/Torres 
Strait Islander status. BMI=body mass index, LOS= length of stay, ICU = intensive care unit, RR30 = readmission within 30 

days. a excluding inpatient mortality and 30 day mortality 

 

New knowledge in context of old knowledge 

The effect of obesity upon health outcomes is difficult to interpret due to the variety of 

definitions and classifications used for obesity, the variety of co-morbidities 

accompanying obesity and a likely presence of age-dependence of the effects of 
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obesity on health outcomes. The effect of weight loss upon health outcomes is 

equally complex due to the apparent relevance of the intentionality of the weight loss, 

the duration and amount of weight lost and the body compositional change producing 

the weight loss. 

 

The second chapter was designed to partially address the former confounding issues 

and contributed detailed data on associated co-morbidities, socio-economic status of 

the patients and ethnicity; all of which have been identified as factors which can 

contribute to both obesity and patients’ clinical outcomes (Islam and Fitzgerald, 2016, 

Dinsa et al., 2012, Bureau of Statistics, 2008, Forbang et al., 2014, Tillin et al., 2015). 

 

While the second chapter describes a deleterious effect on LOS of morbid obesity, 

the literature is unclear on this topic and perhaps any health advantage from a higher 

BMI than normal weight is best seen in those with a BMI under 40kg/m2 (Fusco et al., 

2017, Akinyemiju et al., 2016) and in those who are aged over 60 years (Woolley et 

al., 2019). Here, the impact of very high BMI (>40kg/m2) on outcomes other than 

LOS, such as its effect upon mortality or ICU admission risk, was negligible. 

Protective effects of obesity such as the benefits of excess leptin levels (Perez-Perez 

et al., 2020, Iikuni et al., 2008) or raised lean body mass in the subject with obesity 

(Rehunen et al., 2020, Fenger-Gron et al., 2020) add to the complexity of the relation 

of BMI to health outcomes. 

 

If the effect of obesity on health outcomes is difficult to interpret, the effect of weight 

loss on health outcomes is even more so.  There is a great deal of attention paid to 

weight loss as a therapeutic strategy, especially for those with a higher-than-normal 

BMI (Jensen et al., 2021, Jensen et al., 2014). It is established that short term weight 

loss increases the risk of readmission (Allaudeen et al., 2011) but the data is limited 
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regarding longer term weight loss and hospital admissions. Therefore, Chapter 3 

explored the impact of a longer duration over which the weight loss occurred in 

relation to readmission third chapter. This chapter drew attention to the lack of 

information on the effects of weight loss (as distinct from no weight loss) on health 

outcomes for the inpatient with obesity. This lack of data makes it difficult to know 

whether weight loss is to be recommended for every inpatient with any degree of 

obesity. It follows, therefore, that weight loss not only increases the risk of 

readmission for a patient when that weight loss (and readmission) occurs within one 

month (Allaudeen et al., 2011) but also if it occurs within an average of six months. 

Other studies that have looked at hospital readmissions after 30 days following 

discharge did not look at weight change between readmissions (Leitao et al., 2017, 

Sharma et al., 2018, Maali et al., 2018, Averin et al., 2021).  

 

The unanswered questions raised by these data include the importance of any 

weight loss observed being intentional weight loss (IWL) or unintentional weight loss 

(UWL); both, but especially the latter, being an associate of ill-health (Meltzer and 

Everhart, 1995, Bosch et al., 2017, Perera et al., 2021) and the importance of the 

nature of the weight being lost whether it be the result of fluid losses, loss of lean 

body mass or fat mass. 

 

Limitations of performed work 

The work presented here is retrospective and observational and unknown 

confounders may be present. Only approximately 10% of eligible patients were 

recruited for analysis in each study due to low rates of measurement of inpatients’ 

weights and heights and hence their BMIs. We believe our data is representative of 

the current population because the BMI distribution is similar to another Australian 
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study which captured the data of all adult inpatients in one hospital on one day 

(Dennis et al., 2018). Our sample sizes suffered as a result of this data deficiency 

especially the attempted sub-analysis of those with a BMI over 40 kg/m2 and the 

effect of weight loss on health outcomes for those with that higher BMI (Table 4.1 and 

Table 4.2) and the inability to collect weight loss information on patients who did not 

have a readmission to hospital. 

 

Although this work looked at ethnicity, it only assessed ATSI against non-ATSI. We 

acknowledge that ethnicity is more than indigenous vs non-indigenous but this was 

not included in this study.  

 

While the classification of weight loss as IWL or UWL is challenging, the inability to 

distinguish IWL from UWL in the present work impairs the design of future work in 

this area. Interventions could be designed to prevent weight loss or to promote 

healthy weight loss. Considering the average age of the population studied (74 

years), much of the weight loss might be UWL (Meltzer and Everhart, 1995, Bouras 

et al., 2001, Bosch et al., 2017) but this is speculation and requires testing. Had the 

third chapter demonstrated a poor prognosis following UWL, this would support 

design of a new study promoting prevention of weight loss for recently discharged 

older inpatients. Should most of the weight loss observed in the third chapter be IWL, 

then the nature of the weight loss strategies used should be documented and similar 

weight loss strategies for recent hospital admissions (up to 6 to 12 months in the 

past) should be discouraged. On the positive side, two different opportunities for 

potential interventions have been identified (i.e. the ability to identify patients at risk 

of poor health outcomes at both their initial admission and at their unplanned hospital 

readmission). 
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New questions and residual questions unanswered 

Is the acutely unwell patient with obesity a potential target for a weight loss 

intervention?  

The data to date do not support prioritisation of a weight loss strategy especially in 

the older inpatient with a BMI under 40 kg/m2. Avoidance of weight loss seems more 

of a priority, pending further research. 

 

How is the LOS of an admitted or readmitted patient with obesity to be shortened 

safely and efficiently?  

This is not obvious yet from these studies.  The effects of increased BMI on LOS 

were small. Weight loss (IWL) may be the answer but UWL accompanying ill health 

is unlikely to improve hospital bed flow efficiencies significantly. 

 

Is the hospital inpatient with obesity better or worse off than the inpatient who is not 

obese? 

Especially for the ageing inpatient, obesity does not seem to be the burdensome co-

morbidity with which it has been labelled in the past. Perhaps bariatric care within the 

hospital system has improved over time especially if the BMI lies between 30 and 

40kg/m2 and if the patient is aged over 60 years. (Woolley et al., 2019). Once the 

BMI exceeds 40kg/m2, most, but possibly not all, inpatients may be worse off than 

those with a lower (but not sub-normal) BMI. (Fusco et al., 2017). (Hauck and 

Hollingsworth, 2010).  

 

Is an inpatient who has lost weight to achieve a BMI of 30kg/m2 likely to have the 

same health outcomes as an inpatient with a BMI of 30kg/m2 who has not lost 

weight? 
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This may be an area for future research. A repeat analysis of our data could 

determine if those who lost >5% of their weight to achieve a particular BMI and were 

matched to those who were a similar BMI but had remained weight stable between 

hospital admissions might inform on this matter. 

 

Should weight loss advice be offered to all inpatients? 

 No; if they are morbidly obese and relatively young, IWL might be an advantage but 

further research is necessary. Extending this advice indiscriminately to those less 

overweight and older is not recommended at this stage. At this stage we are not in a 

good position to even speculate on how the weight should be lost.  

 

Clinical impact and suggested future studies 

While there remains a small effect of morbid obesity on hospital outcomes, future 

work must attend to the concepts and consequences of healthy and unhealthy weight 

loss and whether that weight loss, in the context of acute illness, conveys an 

advantage to the patient and/or to the hospital. Regarding the clinical impact of the 

work in this thesis, at two separate time points, the identification is now possible of 

those likely to lose weight after discharge and be at increased risk of readmission 

(and at risk of poorer outcomes of that readmission). First, that identification of those 

at risk is possible at the time of discharge from that index admission. Later, the 

identification of those at risk of adverse health outcomes following readmission 

(longer LOS, longer LOS in ICU (if admitted to that unit), possibly a higher inpatient 

mortality) can be simply achieved by weighing patients at the time of their 

readmission. If over 5% weight loss has occurred since a previous admission of that 

patient within the last year or so, an alert can be posted. 
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Interventional studies can be performed but would be best informed by further 

research that uses tighter definitions of “significant” weight loss, that distinguishes 

IWL from UWL and that applies differing strategies that might have a goal of weight 

loss or weight maintenance or body composition alteration. 

 

Overarching all this future research is a need to explore the economic impact of 

weight management for an acutely unwell inpatient and for an outpatient because the 

literature in this area is not consistent and difficult to interpret. As stated in Chapter 1, 

health care costs increased as BMI increased with the most significant increase in 

costs being most likely in women with a BMI ≥40kg/m2. These costs were more than 

double those women with a BMI between 20 and 22.49kg/m2 (Kent et al., 2017). A 

community-based weight loss study determined no significant decreases in total 

health care costs occurred with a weight loss of ≥5% weight loss (Schousboe et al., 

2018) and another study (by an employer) invested in well-being initiatives for 3,199 

employees found those who attended a wellness centre frequently over a period of 4 

years achieved lower health care costs and improvement of their BMI than those who 

attended less frequently (Borah et al., 2015).  

 

A review of the literature indicates that increased BMI is reported to be associated 

with both good outcomes and poor outcomes (Table 1.3, Chapter 1). Many studies 

found a lower LOS in patients with mild obesity (Finkielman et al., 2004, Mullen et al., 

2009, Akinyemiju et al., 2016) and a higher LOS in patients with morbid obesity 

(Akinyemiju et al., 2016, Liu et al., 2008, Fusco et al., 2017, Ram et al., 2021) when 

compared to those of normal weight. However, other outcomes including in-hospital 

mortality show less consistent findings. Whereas some found increased mortality 

amongst patients with mild obesity and morbid obesity (Akinyemiju et al., 2016), 

others found lower mortality amongst patients with mild, moderate and morbid 
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obesity (Ram et al., 2021) when compared to those of normal weight. Other studies, 

based within the community, observed increasing mortality with increasing BMI (Calle 

et al., 1999, Global et al., 2016).  

 

Conclusions 

As shown in this thesis, morbid obesity (BMI ≥40kg/m2) was associated with a longer 

inpatient LOS. Weight loss prior to a readmission was also associated with an 

increased LOS and increased LOS in ICU when admitted.  

The effect of obesity upon health outcomes following an acute admission to hospital 

is not straightforward and the advisability of weight loss as a health care strategy for 

those with obesity is even less so. More research and especially more data are 

required. This could start by mandating more patients being weighed whilst an 

inpatient. 
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