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ABSTRACT 

High and low Body Mass Index (BMI) are considered independent risk factors for mortality, 

longer lengths of hospital stay (LOS), and higher hospital cost compared to normal BMI even in Acute 

Kidney Injury patients (AKI). Race and ethnicity may play a role in modifying the outcomes. The aim of 

this study was to examine the relationship between BMI and all cause in-hospital mortality, hospital 

length of stay and hospital cost amongst AKI hospitalizations and to further assess in relation to race and 

ethnicity.   

The study used discharge data from the National Inpatient Sample (NIS), Healthcare Cost and 

Utilization Project (HCUP), Agency for Healthcare Research and Quality from 2013 through 2017. The 

design was a retrospective cohort study. AKI related hospitalizations in adult patients were identified 

using the ICD 9-CM and ICD 10-CM revision diagnostic codes. The BMI, the exposure of interest was 

classified into seven categories. Interaction was assessed between BMI and race for all the outcomes.  

A total of 679,756 patients with AKI related hospitalizations were analyzed. Compared to BMI 19-

24.9kg/m 2, the adjusted risks of in-hospital mortality were, 1.28 (95%CI: 1.23-1.33), 0.71(95%CI: 0.67, 

0.74), 0.54 (95%CI: 0.51, 0.56), 0.50 (95%CI: 0.48, 0.53), 0.56 (95%CI: 0.54, 0.58), 0.68 (95%CI: 0.64, 

0.70) in the BMI categories, <19, 25-29.9, 30-34.9, 35-39.9, 40-49.9 and 50&above kg/m2 respectively. 

The risks were significantly different in the BMI categories.  The median length of hospital stays tended 

to be higher in the BMI < 19 kg/m2 (6 IQR: 4,10 days), and in the BMI >50 & above kg/m2 (6 IQR: 4,10 

days) while the median hospital cost was highest in the > 50 kg/m2 BMI category (12,643.97 

IQR:7,253.18-23,630.4 USD). Significant interactions between BMI and race were observed for 

mortality, LOS, and Hospital cost.   

This large and nationally representative sample of hospitals in the USA, provided further evidence 

for the obesity paradox, which whether due to plausible biological reactions or to methodological errors 

still remains controversial. Estimating LOS and hospital costs of AKI hospitalizations according to BMI 

and with race/ethnicity in view, are important to the payers of healthcare, employers, and government 

agencies to determine the cost effectiveness of processes and interventions that may reduce poor 

outcomes.   
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CHAPTER 1: INTRODUCTION 

1.0 Background 

             Acute kidney injury (AKI) is a sudden decline in kidney function, which may be reversible 

if detected early enough.  AKI is a common complication among hospitalized, acutely ill patients with 

sepsis, heart conditions, surgery, and many others and is a major contributor to the global burden of 

disease and disability.1, 2   In USA, in 2014, AKI accounted for 10.5% of all listed hospitalizations. 3, 4  

AKI is associated with a high likely hood of progression to chronic kidney disease (CKD) and end stage 

renal disease (ESRD) and has a high mortality rate.5-7 It also impacts the health care systems heavily and 

increases utilization of health care resources like increased length of hospital stays (LOS), dialysis and 

increased health care costs. In 2013, AKI was one of the 20 most expensive conditions billed to 

Medicare.8, 9  

                The Body mass index (BMI) or Quetelet index is a person’s weight in kilograms divided 

by the square of the height in metres (kg/m2). It is a simple and widely used method for estimating body 

fat mass and can be indicative of the nutritional status in adults.10  BMI is classified as: below 18.5 -

underweight,18.5–24.9 normal weight, 25.0-29.9 pre obesity 30.0–34.9 obesity i, 35-39.9 obesity class ii 

and Above 40 obesity class iii.11 Extremes of BMI (underweight and obesity) present a risk to health and 

are associated with various health conditions and outcomes in various settings.  Low and high BMI are 

both associated with higher all-cause mortality even in apparently healthy populations with the 

association described as j-shaped. 12-14  High BMI (overweight and obesity) is a global public health 

problem, which has reached epidemic levels and in its own right is thought of as a serious 

debilitating condition.15 The prevalence of obesity in the United States is increasing steadily for example 

in 2012 it increased from 35% to 42.4% in 2017-2018.16, 17High BMI is an associated risk factor for heart 

disease, type 2 diabetes, hypertension, stroke, some types of cancers and kidney disease.15  The cost of 

managing obesity is enormous and  has costed the US governments heavily. 18, 19  

         Similar to diabetes and hypertension, obesity has a direct effect on the development of CKD 

and ESRD.5, 20, 21 which makes it a leading indirect cause of preventable, premature death. 5, 20, 21  

Researchers have generated a lot of interest in the link between BMI and AKI in recent times warranting 
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the classification of High BMI or obesity a novel risk factor for developing AKI and other kidney 

conditions like nephrolithiasis, which are also risk factors for AKI. Obesity also poses an increased risk in 

observing poorer outcomes such as faster progression to CKD or ESRD, delayed renal recovery, 

increased length of hospital stays (LOS), and mortality amongst others, in AKI patients.22-29 

Demonstrations of conflicting evidence with regard to the impact of BMI on mortality in patients with 

AKI abound. In these instances, high BMI was protective, this fact is termed the “obesity paradox.”25-27, 30     

There is a growing racial/ethnic minority population across the USA that it is extrapolated that by 

the year 2044, more than half of the total U.S. population will be foreign born.31 Evidently, there is an 

existing disproportionate bearing of burden of disease, and premature deaths, within racial/ethnic 

minority populations despite overall improvements in health and as a result of this, the minorities may 

experience lower quality of life, with lower life expectancy. Reasons for the observations are not clearly 

understood and are complex. Ethnic and racial disparities may be related to differences in socioeconomic 

status like, distribution of wealth and power, education, opportunities, social support structures, access to 

and adequacy of medical care, culture and lifestyles.32 There are several calls for the elimination of the 

disparities and achievement of health equity. Because high BMI is currently an important public health 

problem which is preventable, it is necessary to develop therapeutic and preventive strategies, which 

include looking at the racial/ethnic aspects in relation to AKI.  

1.1 Significance: Implications for public health and clinicians  

       Abnormal BMI may become a major renal risk factor for the near future, and with public health 

implications. Most especially, high BMI (overweight or obesity) which often mediates diabetes and 

hypertension, which are the 2 major causes of ESKD, and is considered a preventable risk factor for 

kidney disease. The researcher, the clinician the government and the community will benefit from this 

research in many ways. With increasing number of persons with high BMI or obesity, there is likely to 

also be an increase in the number of persons with kidney diseases and an increase in their poorer 

outcomes. As there is still a lack of specific therapies targeted at AKI till date, there is a need to focus on 

risk factor identification which may benefit individuals, in a bid to prevent AKI occurrence or its poorer 

outcomes. 
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          Increasing awareness among clinicians that abnormal BMI, especially obesity, like diabetes and 

hypertension, that are important risk factors for kidney diseases, will sensitize all on the need to focus on 

BMI as a risk factor. Doing this may reduce the occurrence, improve the management and also prevent 

the devastating consequences of AKI. Optimal management of patients with AKI is usually resource and 

time-intensive, an additional burden is added with obesity. Knowing the approximate LOS is beneficial 

for planning in the hospitals and for the payers, it aids the medical team in designing appropriate medical 

plans for the patients. and lastly, estimating the cost of care is useful also for proper and adequate 

program planning and resource allocation for cost effective management strategies and policies. 18,19 

Race/ethnic information can be used to understand the  social & environmental factors that promote 

disease progression. Identification of high-risk racial/ethnic groups is a useful strategy to address 

remediable risk factors in this instance the abnormal BMI and this may help reinforce who will need 

resources in the future. The findings of this study will also enhance the current knowledge of BMI as it 

relates to mortality, LOS and hospital cost in AKI patients thereby contributing to the healthcare 

management of  this patient group.  
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1.2 Research Question/ Specific Aims:  

This study aims to look at the effects of BMI on in- hospital outcomes, of Mortality, length of hospital 

stay and hospital cost amongst AKI hospitalizations and in relation to race /ethnicity in USA. 

Research questions:  

1 Does BMI of hospitalised AKI patients affect in-hospital mortality? and does it vary by race and 

ethnicity? 

2 Does BMI of hospitalized AKI patients affect their hospital utilisation. or is there an association 

between body mass index and hospital utilization? and does it vary by race and ethnicity? 

3 Is cost of care in hospitalized AKI patients affected by their BMI or does BMI affect the cost of 

care in hospitalized AKI patient? and does it vary by race and ethnicity? 

Specific Aims 

Specific Aim 1: To examine the association between body mass index and all cause in-hospital mortality, 

and to evaluate in relation to race/ethnicity in hospitalized AKI patients.  

Specific Aim 2: To examine the association between body mass index and hospital utilization (LOS) in 

hospitalized AKI patients and to evaluate in relation to race/ethnicity. 

Specific AIM 3: To examine the association between body mass index and cost in hospitalized AKI 

patient and to evaluate in relation to race/ethnicity.  

 

1.3 Hypothesis 

Aim 1 

Hypothesis: Statistically significant differences exist in  the relationship between BMI and in-hospital 

mortality in hospitalized AKI patients.Furthermore, the strength of association will be modified by race 

and ethnicity. 

H0: The in-hospital mortality is the same in each BMI group 

Ha: The in hospital mortality is not the same in the BMI groups: at least one group is different from the 

others.  
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Aim 2 

Hypothesis: Statistically significant differences exist in the relationship between BMI and LOS in 

hospitalized AKI patients. Furthermore, the strength of association will be modified by race and ethnicity. 

H0: The LOS is the same in the BMI categories. 

Ha: The LOS is not the same in the BMI categories: at least one group is different from the others. 

Aim 3 

Hypothesis: Statistically significant differences exist in the hospital care cost across different categories 

of BMI in hospitalized AKI patients. Furthermore, the strength of association will be modified by race 

and ethnicity. 

H0: The hospital care cost is the same in each BMI group. 

Ha: The hospital care cost is not the same in each BMI group: at least one group is different from the 

others. 

 

1.4 Justification  

        Abnormal BMI has consequences and poor in-hospital outcomes on many diseases, which may 

include AKI. The marginal effects of BMI on AKI for the outcomes of mortality, length-of-stay (LOS) 

and health-care costs, even though described, are not confirmed with certainty and not yet fully 

understood. Few studies have focused on the role of BMI in the length of hospitals stays and cost in AKI 

patients and the studies on this subject are mostly in critical care and surgical settings .This relationship 

has not been studied extensively in broader populations, hence the proposed study, which uses a large 

nationwide sample of hospitalized AKI patients in the Healthcare Cost and Utilization Project (HCUP), 

National Inpatient Sample, (NIS) to determine the effects the BMI has on the patients in the United 

States. 33 The availability of electronic health records facilitates the study so that a broad array of AKI 

patients in different circumstances are examined for in-hospital mortality, differences in length of hospital 

stay, and cost.  

Racial and ethnic disparities in the risk of disease including kidney diseases have been described. 

The disparities may not be unconnected with the BMI observed in the ethnic groups in addition to other 
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reasons. The introduction of race here highlights the health disparities that exist in the United States. Not 

many studies looked at the effects of a combination of ethnicity and BMI in different categories in details 

amongst AKI patients. This study will explore the outcomes listed above in AKI patients in the different 

BMI categories adding the flavor of race/ethnic disparity. Knowing and identifying risk factors and 

understanding an individual patient's risk profile helps in the understanding of the pathophysiology and 

epidemiology of AKI and may offer opportunities for prevention or early intervention. The research will 

provide more information and add to the body of literature on the subject.  
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CHAPTER 2: LITERATURE REVIEW 

2.0 Acute Kidney Injury 

2.01 Epidemiology:  

              AKI is defined as an increase in serum creatinine by 0.3mg/dL or more within 48 hours or 

an increase in serum creatinine to 1.5 times baseline or more within the last 7 days, or urine output less 

than 0.5 mL/kg/h for 6 hours.34 Acute renal failure, ARF which is a more severe form of AKI is used 

synonymously with AKI in this study. Globally the incidence of AKI is increasing, posing a huge burden 

on the society. Global estimates of the incidence range from 1-66% in different circumstances and 

regions. 35According to a systemic review by Susantitaphong, the global pooled incidence rate of AKI 

was 21.6% in adults and 33.7% in children.1 Likewise, AKI is increasingly common amongst hospitalized 

patients in the USA. Investigators of the HCUP Statistical brief (#231) reported that hospitalizations with 

AKI in the United States was 1.4% of all hospital stays with a principal diagnosis of ARF in 2014 and 

10.5% of all listed hospitalizations, making ARF one of the top 20 most frequent primary reasons for 

hospitalization 3. Liangos et al., using a large national administrative data found frequencies of 19.2 per 

1000 hospitalizations.36 while Wang and group in a large academic medical center, reported an incidence 

of 22.7% of hospitalized patients. 37  

               Looking at trends, the incidence of AKI increased rapidly in all patient subgroups in the 

past decade, ARF had the largest increase in the population rate of stays (346 percent) between 1997 and 

2011. 38 ARF as a secondary diagnosis increased x 3 from 2005-2014. 4  According to the USRDS report, 

in 2016, 4.4% of Medicare fee-for-service beneficiaries experienced a hospitalization complicated by 

AKI, as against 2.2% in 2006 .39 Hsu and his group investigated the incidence of non-dialysis and 

dialysis-requiring ARF among members of a large integrated health care delivery system. They observed 

increasing trends between 1996 and 2003, the incidence of non-dialysis requiring ARF increased from 

322.7 to 522.4 whereas that of dialysis-requiring ARF increased from 19.5 to 29.5 per 100 000 person-

years. 40 In another study by HSU, the incidence averaged a 10% increase per year from 2000 to 2009. 41 

Another report has it that AKI has been increasing at a rate of 14% per year since 2001 to 2011.42  
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                The incidence of AKI in the critical care unit or ICU is higher than in usual care and this was 

documented by several authors.  Uchino and Bouchard in two large prospective observational multicenter 

studies observed prevalence’s of 5.7% and 19.2% respectively in patients who were treated with RRT in 

the units. 43, 44 In the Acute Kidney Injury-Epidemiologic Prospective Investigation (AKI-EPI), an 

international multicenter study, 57.3% of the cohort had AKI.45 A recent systematic review by Melo 

observed an AKI incidence of 39.3% in developed countries and 35.1%, in developing countries.46 

Incidences of AKI vary greatly according to different criteria or methods used, and according to regions 

and circumstances and diagnostic criteria employed but ultimately all concluded that AKI is common, 

and affects a large number of hospitalized patients in the USA. 

 

2.02 Consequences and outcomes 

Long term, progression to CKD and ESRD.  

 The consequences of AKI are numerous and can be disastrous. AKI may progress long-term to 

CKD and ESRD even in patients without pre-existing renal dysfunction. Many Notable studies have 

observed this outcome. Ponte et al., reviewed renal function of 187 patients who survived AKI and were 

followed up for 10years. About 62% had some renal dysfunction, 40% of those with previous normal 

renal function developed moderate-severe dysfunction and 37% progressed to severe renal failure after 10 

years. 47 Lo et al., in a large, community-based cohort of patients observed that patients with dialysis 

requiring AKI were associated with a 28-fold increase in the risk of developing stage 4 or 5 CKD.48  

Amdur et al., reported that renal function deteriorated over time in all the groups of their Veterans Affairs 

patients after 75 months follow up. Those who had ARF, acute tubular Necrosis, and those who required 

dialysis and then recovered were at especially high risk for progression to CKD.49, 50 A recent systematic 

review by Coca and group estimated that patients with AKI had an 8.8-fold higher risk of developing 

CKD, and a 3.1-fold higher risk of ESRD. 5, 6 

Mortality. 

      Hospitalized patients with AKI have higher mortality rates than patients without AKI. Several 

notable studies have reported this observation. International Society of Nephrology (ISN) 0 by 25 Global 

Snapshot study, estimated that mortality at 7 days was 11%.51 In the USA, Hsu and  group  observed the 
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total number of deaths associated with dialysis-requiring AKI rose significantly from 18,000 in 2000 to 

nearly 39,000 in 2009.41 Coca demonstrated a doubling of the risk of premature death in AKI patients 

compared to those without AKI.5 Liangos et al., reported an adjusted odds ratio of 4.1 in a representative 

sample of hospitalized patients.36 Wang reported that AKI was independently associated with a more than 

fourfold increased likelihood of death. (AOR 4.43, 95% CI:3.68,5.35). 37 Among Medicare patients aged 

66+ years, the in-hospital mortality rate was 8.2%,vs 1.8% or 13.2% vs 3.8% when including discharge to 

hospice for patients with a first AKI hospitalization compared with non-AKI hospitalizations .39 Chertow 

observed that even small changes in serum creatinine (Scr) were significantly associated with mortality, 

an increase in SCr >or=0.5 mg/dl was associated with a 6.5-fold increase in the odds of death.52 A 

systematic review by Brown et al., reported that the number of AKI-related in-hospital deaths increased 

almost twofold from 2001 to 2011 and the percentage of all in-hospital deaths occurring in combination 

with AKI rose by 16.3% over the study period. 42  

In the ICU, Uchinos study, reported an overall mortality of 60.3%, which was more evident as the 

severity of the disease increased. 43 More recent studies still showed high mortality rates despite advances 

in management. 44-46  Bouchard et al. observed a hospital mortality of 22.0%. Hoste also reported that 

increasing AKI severity was associated with hospital mortality when adjusted for other variables. 44-46 

Kellum et al. reported that the 1-year age-adjusted mortality was nearly 60%, which is more than three 

times that in patients who recovered fully. 53 Most patients in ICU tend to have extensive comorbidities 

which might predispose to increased mortality. Mortality rates vary based on the different circumstances 

where the studies were done and on the diagnostic criteria, study design and methods used to conclude. 

Length of Stay  

               The impact of AKI on health care systems is heavy as there is increased utilization of health care 

resources such as increased rates of unplanned critical care admissions, longer durations of hospital stays, 

dialysis usage and increased total health care costs. Several notable studies have examined the length of 

hospital stays in AKI patients particularly in the critically ill. Liangos  et al, observed that AKI was 

associated with an adjusted prolongation of hospital LOS by 2 days (P < 0.001) compared to other 

illnesses.36 Chertow observed an increase in SCr > or=0.5 mg/dl was associated with a 3.5-day increase in 
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LOS even after adjusting for age, gender, severity of illness and CKD. 52 Silver et al. documented an 

increase in LOS of 3.2 days in AKI patients compared to patients without AKI. On adjusting for patient 

and hospital characteristics, among patients requiring dialysis, LOS was 11.5 days and 3.9 days.52 

Likewise, in the ICU, Uchino, observed that the median length of ICU stay was 10 days (IQR, 5-22 days) 

and the median length of hospital stay was 22 days (IQR, 11-44 days). 43  

Cost of care 

   In 2013, ARF was one of the 20 most expensive conditions billed to Medicare and accounted for 

nearly half of aggregate hospital costs. 8, 9 Notable studies have shown an increase in the cost of care of 

AKI compared to others. Chertow observed an increase in SCr >or=0.5 mg/dl was associated with nearly 

7500 dollars in excess hospital costs.52 Medicare accounted for 69.4 percent of the 504,600 stays with a 

principal diagnosis of ARF and 68.6 percent of the $4.6 billion in aggregate costs associated with those 

stays in 2014.54 Silver noted in 2012 using NIS data, that AKI was associated with an increase in 

hospitalization costs of $7,933 compared to patients without AKI. 8 The cost was significantly increased 

by $1,795 when adjusted for patient and hospital characteristics.  For patients requiring dialysis, the cost 

was $42,077 and $11,016 after adjustments. AKI was associated with higher hospitalization cost than 

myocardial infarction and gastrointestinal bleeding, and the cost was comparable to those for stroke, 

pancreatitis, and pneumonia.8 

 

2.1 Body Mass Index  

 The Body mass index (BMI) or Quetelet index is a simple and widely used method for estimating 

body fat mass and can be indicative of the nutritional status in adults. 12 BMI is further classified or 

ranked thus: below 18.5 -underweight,18.5–24.9- normal weight, 25.0-29.9 pre obesity or overweight, 

30.0–34.9- obesity, 35-39.9 obesity class ii and Above 40 obesity class iii. 55   

2.11 Epidemiology  

Low BMI (underweight) 

              Globally, low BMI or underweight is on the decrease even as it remains high in some 

regions. Worldwide  the age-standardised prevalence of underweight has decreased from 13·8% to 8·8% 
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in men and from 14·6%  to 9·7% in women from 1975-2014.56 The prevalence of underweight among US 

adults has also decreased from 3.6 to 1.4%. 57 In the USA, results from the 2015–2016 National Health 

and Nutrition Examination Survey (NHANES), estimated that 1.5% of U.S. adults aged 20 and over, are 

underweight. In previous years 2.3% (1988-1994), and 4% (1960-1962) were underweight. 57 

High BMI (Obesity) 

              The World Health Organization (WHO) reported that in 2016, more than 1.9 billion 

adults, were overweight and over 650 million were obese.58  According to National Center for Disease 

control (NCD) study, the global age-standardized mean BMI increased from 21·7 kg/m2 to 24·2 kg/m2 in 

men, and from 22·1 kg/m2 to 24·4 kg/m2 in women from 1975 to 2014. 56 The age-standardised 

prevalence of obesity increased from 3·2% to 10·8% in men, and from 6·4% to 14·9% in women. About 

2·3% of the world's men and 5·0% of women were severely obese.  For morbid obesity, it was 0·64% in 

men and 1·6% in women.56 In the USA, data from NHANES estimated the overall age-adjusted 

prevalence of obesity as 37.7% For the years 2013-2014. 59 The corresponding prevalence of class 3 

obesity overall was 7.7%.59 In 2017–2018, prevalence among adults aged 20 and above was estimated as 

42.4%, and for severe obesity it was 9.2%. Prevalence of obesity increased from 30.5% to 42.4% in 

1999–2000 through 2017–2018, and the prevalence of severe obesity increased from 4.7% to 9.2%.16, 17  

 

2.12 Consequences of BMI abnormalities  

Increased comorbidities 

         Both extremes of BMI are associated with numerous adverse health consequences 

throughout the life-course. The most common conditions associated with high BMI are, insulin resistance, 

chronic inflammation, dyslipidemia, and elevated blood pressure. Abnormal BMI may directly or 

indirectly account for, reduced life expectancy, reduced quality of life and impose substantial societal 

economic costs. 15 
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Mortality  

In low BMI  

     The relationship between BMI and mortality in many instances is J-shaped, that is it is higher at 

both extremes of the BMI groups. This observation is reported by several authors, Zheng and group 

showed an elevated risk of 1.5 in east Asians among those with a BMI of more than 35 kg/m2 and by 2.8 

among those with a BMI of 15 kg/m2 or less.60 In some multicenter cohort studies, Mullens et al., 

reported higher death rates among non-bariatric surgery patients in the underweight and morbidly obese 

extremes and the lowest rates in the overweight and moderately obese patients than normal weight 

patients.61 Klatsky observed similar relationships over 30 years of following their cohorts of patients. 13 In 

Bhaskarans study, the life expectancy from age 40 years was 4·2 years shorter in obese men and 3·5 years 

shorter in obese women, and 4·3 years shorter in underweight men and 4·5 years shorter in underweight 

women compared with individuals of healthy weight.62 Several systematic reviews have also 

demonstrated the U or J-shaped relationship in the mortality risk. Berrington12 and Aunes observed this 

among healthy participants in relation to smoking. Aunes patients followed up for ≥20 years showed the 

lowest risk at BMI of 20-24 kgm2 in never smokers. A U-shaped association was observed in all 

participants regardless of smoking status, current smoker, former or ever smokers, and in studies with a 

short duration of follow-up. 63  

The Global BMI mortality study group reported that all-cause mortality was minimal at BMI 20·0-

25·0 kg/m2, it increased significantly just below this range for BMI 18·5-<20·0 kg/m2, for BMI 15·0-

<18·5, and throughout the overweight range.64 Reasons adduced to the increased risk of mortality in the 

underweight people are probably residual confounding from other diseases prevalent in them, smokers 

were not excluded, and early follow-up in some of these studies could bias the results toward a more J-

shaped association. 64  

In high BMI (Overweight /obesity) 

              Increase in cardiovascular and cancer mortality risk is evident in overweight and obese 

individuals, mostly in a clear dose-response pattern. This was demonstrated in the Framingham Cohort 

Study where the adjusted hazard ratio (AHR) for mortality increased as the number of years lived with 
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obesity increased. For those who were obese for 1-4.9 years, the AHR was 1.51(95% CI:1.27-1.79), for 5-

14.9 years it was 1.94 (95% CI:1.71-2.20), for 15-24.9 and ≥ 25 years it was 2.25(95% CI:1.89-2.67) and 

2.52(95% CI: 2.08-3.06) respectively compared with those who were never obese. 65 Similar results were 

observed in other large studies. Akinyemiju observed that compared with normal BMI patients, the odds 

of in-hospital mortality increased 3.6-fold for preobese patients, 6.5-fold for patients with BMI 30 to 31.9 

kg/m2, 7.5-fold for patients with BMI 34 to 35.9 kg/m2, and 1.6- fold for patients with BMI ≥ 50 kg/m2.66 

Bhupathirajs meta-analysis observed an increased in all-cause mortality throughout the overweight range. 

The HR for obesity grade 1 was 1·45, (95% CI: 1·41,1·48), for obesity grade 2 it was 1·94, (95%CI: 

1·87,2·01), and for obesity grade 3 it was 2·76, (95%CI 2·60-2·92). 64  

The length of stay  

         The BMI may affect hospital length of stay (LOS) and this observation was reported by some 

authors for example, Oliveros, reported significantly longer average duration for underweight, 

overweight, and severely obese patients in the ICU compared to those with normal BMI.67 So also did the 

report by Akinnusi’s group who reported prolongation  by 1.48 days (95% CI, 0.07-2.89) in their obese 

group, compared with the nonobese group also in the ICU. 68 Contrarily Akinyemiju observed a shorter 

average length of stay for obese patients compared to normal weight patients (BMI 30 to 39.9kg/m2 spent 

an average of 2 days less in the hospital).66 The observation by Akinyemiju that obese patients with 

higher BMI had shorter hospital stays compared with patients with normal BMI is a paradox. 

Nevertheless, the different methodological approaches used may explain this observation, and there may 

be that more obese patients were transferred to other health facilities for further care thereby shortening 

their duration of stays. 66 Also perhaps the methods of analysis of length of stay varied according to the 

study.  

Cost of care  

            The medical cost of high BMI is huge, and it has costed the US government so much. The cost of 

healthcare for different BMIs may vary, not only because of weight, but also because of other differences, 

such as access to healthcare, income, comorbidities, etc. According to Finkelstein et al., as far back as 

1998 the medical costs of obesity was estimated to be as high as $78.5 billion across the payers, with 
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roughly half financed by Medicare and Medicaid. 19 The increased prevalence of obesity is responsible 

for almost $40 billion of increased medical spending through 2006, including $7 billion in Medicare 

prescription drug costs and they estimated the annual medical cost of obesity in the united states as $147 

billion in 2008 US dollars. At that period, the cost was $1,429 higher than for those of normal weight. 19 

Kim and his group in a meta-analysis, estimated the annual medical spending attributable to an obese 

individual to be $1901 ($1239-$2582) in 2014 USD, accounting for $149.4 billion at the national level 

adjusting for age and comorbidity.69 Between 1992 and 2008 Tsai estimated the per-person direct medical 

cost of overweight was $266 and of obesity was $1723. The aggregate national cost of overweight and 

obesity combined was $113.9 billion. 70 while the direct medical cost was approximately 5.0% to 10% of 

USA health care spending.70 Significant variations exist in studies on cost estimates of obesity and so it is 

important to acknowledge these as the studies are driven by different designs and methodologies. 

Ultimately the cost of care of increased BMI remains higher than normal BMI. 

 

2.13 Obesity paradox   

              Although several studies indicate an increased risk of death in overweight or obese 

patients, other studies have reported inverse or zero associations. The inverse association is termed the 

“obesity paradox.” However, this concept is still a controversial issue, due in large part to the 

methodological limitations of available data. The studies reporting obesity paradox are especially in the 

surgical and ICU patients.61,67, 71-75 Mullen reported in non bariatric general surgery patients, 

paradoxically lower crude and adjusted risks of mortality compared with patients at a normal weight. The 

estimates for overweight were (OR 0.85; 95%CI:0.75-0.99) and for moderately obese it was (OR 0.73; 

95% CI:0.57-0.94). 61  In a cohort of cardiac surgery patients, Stamous observed that overweight patients 

had a lower mortality (OR, 0.4; 95%CI, 0.2 to 0.9), and obese patients had a comparable risk (OR, 0.8; 

95% CI, 0.4 to 1.6) compared with normal BMI patients.71  Both overweight and obese patients showed a 

better actuarial 5-year survival than the normal-weight patients.71  

         Several systematic reviews have also demonstrated this paradox in different settings. Flegal et 

al., reported that overall, overweight and obesity were associated with significantly lower all-cause 
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mortality with HRs of 0.94 (95% CI, 0.91-0.96).72 Oliveros et al., observed a decreasing trend in the risk 

of mortality when BMI was between 25 and 39.9 kg/m2 compared to BMI of between 18.5 and 24.9 

kg/m2, the OR was 0.91 (P = 0.01). The OR for the 30–39.9 kg/m2 BMI category was 0.82 (P = 0.03), but 

there was no association with the BMI of ≥ 40 kg/m2 ; OR = 0.94; (P = 0.26).67 Hogues, reported no 

difference in ICU mortality, but lower hospital mortality for obese and morbidly obese subjects  

(RR, 0.76; 95% CI 0.59-0.92,  RR, 0.83; 95% CI 0.66-1.04, respectively) versus normal weight 

subjects.73  In contrast Akinnusi did not observe an association with mortality in their obese patients in 

ICU (RR,1.00, 95% CI:0.86,1.16). However a subgroup analysis in their patients, reported an improved 

survival in patients with BMI ranging between 30 and 39.9 kg/m2 compared with 20-24.9 kg/m2 patients 

(RR; 0.86; 95%CI, 0.81-0.91; P < .001). 68  In another study by Pickers, patients with a BMI of 30-39.9 

kg/m2, had the lowest risk of death with an adjusted OR of, 0.86 (95%CI,0.83-0.90).74 The observations 

of obesity paradox are subject again to the different populations used and may have methodological 

flaws. Nonetheless, the phenomenon of paradox was reported and still needs to be explored rigorously.  

 

2.2 Pathophysiology and Pathology of BMI and Kidney Disease 

  Aside diabetes and hypertension, obesity has independently led to CKD and ESRD even after 

adjusting for baseline blood pressure (BP) and/or diabetes.75, 76 Several explanations are provided for this. 

First, as the body size increases, the glomerular diameter also increases, although glomerulosclerosis (the 

pathological feature of kidney disease in obese people) may not correlate with the increase in body size. 

Increase adiposity increases the regional blood flow, arterial pressure, and cardiac output leading to 

hyperfiltration in the kidneys and barotrauma. Second, reduced nephron number at birth, which is a 

feature of premature births is a risk factor for CKD in later life.75, 77 With the Nephron number set at birth, 

the single-nephron GFR in an individual who gains weight or is obese increases due to hyperfiltration 

which increases the susceptibility to barotrauma and further risk for glomerulosclerosis.75, 77    

Obesity is considered a chronic inflammatory state, because too much adipose tissue in obese 

individuals produces bioactive hormones, such as adiponectin, leptin, and resistin, which may affect 

metabolism and the kidneys. Inflammation, vascular injury with oxidative stress and abnormal lipid 
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metabolism may ensue due to the dysregulation of the hormones. Abnormal lipid metabolism causes lipid 

deposition in the glomerular/mesangial cells leading to the formation of foam cells. Decreased 

adiponectin levels present in obesity, promote glomerular hyperfiltration via tubulo-glomerular feedback 

or by direct injury of podocytes due to the production of reactive oxygen species thus contributing to the 

development of obesity related glomerulopathy (ORG) which is type of FSGS. 78, 79 There is also 

activation of the renin-angiotensin-aldosterone system, increased production of insulin and insulin 

resistance, which are pathways to development of proteinuria, DM, hypertension and cardiovascular 

diseases. 78,79 Interleukin-6 (IL-6), which is largely produced by visceral adipose tissue correlates 

positively with BMI, thus confirming the association between visceral fat and systemic inflammation in 

patients with morbid obesity.77-79      

Pathology 

Obese individuals who have marked glomerulomegaly, proteinuria with features of FSGS on 

kidney biopsy may have ORG, especially in the absence of other causes of FSGS.80 Serra et al. found that 

FSGS was only present in 5 extremely obese (EO) patients out of 135 , but not in their control group. 

Increased mesangial matrix, podocyte hypertrophy, mesangial cell proliferation, and glomerulomegaly 

were more frequent in the obese cohort than in the control group. 81 though in all the 230 patients studied, 

BMI was still an important independent risk factor associated with glomerular lesions. EO patients who 

lack overt clinical renal symptoms have a variety of glomerular abnormalities that correlated with body 

mass.81  

 

2.3 BMI and AKI Relationship 

           The relationship between BMI and AKI is rather intriguing. There has been a growing persistent 

interest in this multifactorial and interactional relationship. Individuals who have both low (underweight), 

and high BMI (overweight and obese) are found to be more susceptible to developing AKI and its poorer 

outcomes. Some of the reasons proffered for the poorer outcomes observed in AKI patients with higher 

BMI are difficulties in adequately managing fluid and volume abnormalities, issues with the drug dosing 
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regimens and safety, presence of other comorbidities such as cardiovascular diseases and cancers which 

can directly or indirectly increase the risk for AKI and its poorer outcomes.29 

2.31 BMI As A Risk Factor for Kidney Disease 

           Aside from the traditional risk factors (extreme age, comorbid diseases, preexisting CKD, 

sepsis, and nephrotoxic agents, novel risk factors for increased susceptibility to AKI have been identified, 

and they are obesity, hyperuricaemia, hypoalbuminaemia and certain genetic polymorphism. 28, 29  

Obesity aside being a risk factor for CKD development, is also directly related to the frequency and 

severity of AKI in certain populations even though the exact relationship is controversial and has not been 

fully understood.28, 29 This relationship has been explored among surgical and in critical care patients by 

several authors.  

          Glance, et al., reported on 310,208 perioperative patients with metabolic syndrome, a risk of 

AKI that was 3-7-fold higher in obese than normal weight patients. Obese (AOR 3.30), morbidly obese 

(AOR 5.01), and super obese (AOR 7.29).82 In the Obesity and Surgical Outcomes Study, obese patients 

demonstrated a 65% increase in odds of AKI within 30 days from admission (OR 1.65, P < 0.005) when 

compared with the nonobese patients. The adjusted odds of AKI remained elevated even post-operatively 

in the elderly obese (OR,1.68, P = 0.01). 83 Another study in post cardiac surgery patients, assessed BMI 

predictions of AKI in relation to intraoperative markers of oxidative stress in 112 patients, 25.2% 

developed stage I AKI, 16 of these 112 patients developed stage II, 2 patients developed stage III AKI. A 

5-kg/m2 increase in BMI independently predicted 26.5% increases in the odds of AKI. This increased to 

28.7% after adjustment for additional intraoperative risk factors for AKI.84 In cardiopulmonary bypass 

(CPB) patients, the overall incidence of developing AKI was 39%. The  morbidly obese patients had a 

significantly greater risk of developing AKI CPB than those with lower BMI classes. 85 In 1230 patients 

who underwent laparoscopic bariatric surgery, thirty-five (2.9 %) patients developed AKI during the first 

72 h post-surgery. Higher BMI was one of the independent predictors of perioperative AKI. 86 In a cohort 

study by Pederson and colleagues, involving postoperative hip fracture surgery patients, aged 65 and 

over, the risks of AKI within five postoperative days were 11.9, 10.1, 12.5, and 17.9% for normal-weight, 

underweight, overweight, and obese patients, respectively. 87 
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     In critical care patients, obesity was associated with the occurrence of AKI in several reports. 22, 

23, 27 Soto et al observed the odds of AKI was twice in obese and severely obese patients compared to 

patients with normal BMI in 751 patients, with acute respiratory distress syndrome even after adjusting 

for predictors. (AOR, 1.20 per 5 kg/m2 increase in BMI, 95% CI:1.07,1.33). 27 In a cohort of almost 

15,000 critically ill patients, the AKI prevalence rates for normal, overweight, class I, II, and 

III obesity were 18.6%, 20.6%, 22.5%, 24.3%, and 24.0%, respectively, and the AOR ratios of AKI were 

1.18 (95% CI:1.06,1.31), 1.35 (95% CI:1.19,1.53), 1.47 (95% CI:1.25,1.73), and 1.59 (95% CI:1.31,1.87) 

respectively when compared with normal weight. Each 5-kg/m2 increase in BMI was associated with a 

10% risk (95% CI:1.06,1.24) of more severe AKI. 23 In another ICU study amongst dialysis patients, the 

incidence of AKI was increased with increasing body mass from underweight, normal (5.4%) to morbid 

obese (11.8%) the AOR to develop AKI were significantly increased for all the groups. 88 Wangs 

systematic review also reported that overweight individuals had increased risk for kidney disease 

(RR=1.40; 95% CI 1.30-1.50); while obese individuals had higher risk (RR=1.83 (95% CI:1.57,2.13). 

They also reported higher risk in women when compared to men; RR;1.92 (95% CI:1.78, 2.07) vs 1.49 

(95%CI:1.36,1.63).89  

 

2.32 BMI And Associated Outcomes in Patients With AKI   

Mortality  

                Increased mortality has been observed among AKI patients who have high BMI 

compared to normal by many authors in different circumstances. Glance et al., using  the database 

American College of Surgeons National Surgical Quality Improvement Program reported  a 2-fold 

increased risk of death in perioperative patients who were obese. AOR 1.99 (95% CI: 1.41-2.80) 

compared with normal-weight patients. 82 Danziger et al., reported a 10% (1513/15,700) death rate in 

their study and that BMI modified the association of AKI with mortality of critically ill hospitalized 

patients, (multiplicative interaction term P<0.01). 23 When stratified by BMI category, AKI was 

consistently associated with a significantly higher risk of death. When stratified by AKI, a protective 

effect of obesity on hospital survival was observed in those without AKI. A 5 kg/m2 BMI increase was 
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associated with a 0.89 (95% CI 0.85–0.94) odds ratio of within-hospital death in those without AKI. In 

patients with AKI, each 5 kg/m2 BMI increase was associated with a 0.98 (95% CI 0.96–1.09) risk of 

within-hospital death. 23 

              In a multicenter cohort, of elderly (≥65 years) patients with AKI in the ICU, AKI patients 

with a BMI of 31 kg/m2or greater (obese), had a higher mortality risk than those with a BMI between 21 

and 31 kg/m2 (assumed normal)  25 Wang reported an increased risk of the 28-day mortality in their AKI 

patients with higher BMI  undergoing CRRT. Subgroups analyses showed that the BMI was a risk factor 

of the 28-days mortality even in patients with GFR ≥30 ml/min,(HR 1.04: 95%CI:1.01-1.09).90 Just as 

with high BMI, low BMI (underweight) has also been associated with increased mortality in AKI 

patients. According to Pederson, short-term mortality was 14.1% for normal-weight patients compared to 

23.1% for underweight AHR 1.7 (95% CI: 1.2,2.4) while long-term mortality was 24.5% for normal-

weight, 43.8% for underweight AHR 1.6 (95% CI: 1.0,2.6) AKI patients. 87 Compared to normal-weight, 

underweight patients had elevated mortality for up to 1 year after hip fracture surgery irrespective of the 

presence of AKI. 87 

2.34 Obesity Paradox in Patients with AKI  

The association between BMI and in-hospital mortality, has been investigated in many studies and 

conflicting results have emerged as to this. Despite the increase in mortality in high BMI reported, a 

protective effect of obesity on deaths has also been observed in AKI patients while others have seen no 

effect. Most of the studies were done on critically ill patients. Druml reported, risk-adjusted hospital 

mortality rates as lowest in the BMI group of   30 < 35) so Obese  patients had a significantly reduced 

probability to die in the hospital; OR 0.81 (95%CI:0.66-0.98). 88 The study was in a large cohort of 

patients and was a retrospective design. Sotos group observed that BMI was associated with 

decreased mortality in when compared to patients without AKI. AOR of 0.81 per 5 kg/m2, increase in 

BMI after adjusting for mortality predictors (95% CI:0.71,0.93). 27 Kim and group observed 57.4% of 

CRRT patients in the highest tertile of BMI died, compared with 78.4% in the lowest tertile (P = 0.02) at 

≥30 days after the initiation of CRRT. 26  Even after adjustments, the highest tertile of BMI was 

significantly associated with a decreased risk of death HR, 0.57, (95% CI:0.37,0.87). However this 
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benefit was only seen among patients with severe disease but was not observed in less severe illness. This 

significant association remained unaltered for 60-day HR, 0.64, (95% CI: 0.43, 0.94) and 90-day 

mortality HR, 0.66,(95% CI:0.44,0.97).26 For patients on maintenance hemodialysis, Johansson et al. 

reported an increased survival in their cohort at extremely high BMI, even after adjustment and over a 2-

year average follow-up time. This observation was true for all the races except for Asians. 91, 92 

Pederson reported that overweight and obesity were not associated with increase in both short and 

long-term mortality in patients with and without postoperative AKI though the absolute mortality risks 

were higher in all BMI groups with the presence of AKI than in those without AKI. 87  Gameiro et al 

found no association between obesity and mortality in their cohort of critically ill septic patients and 

when comparing AKI patients with or without obesity in terms of in-hospital mortality, there were also no 

significant differences between those groups 38.4% versus 38.4%, (P = .99). 22 

Most of the studies above were retrospective in design and so there were inabilities to adjust for unknown 

confounders, most use BMI only as obesity index, with varying categorization of BMI. There was also 

different patient characteristics and use of different mortality end points in the studies.  

 

2.4 Factors Affecting Outcomes in Relation to BMI in AKI Patients 

Figure 1: Risk factors affecting outcomes in BMI and AKI relationship 

 

The outcome variables in this study are, in hospital all-cause mortality, hospital utilisation (length of 

stay), and the total hospital cost. The exposure variables are primarily, BMI in categories, other exposures 
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are, moderators, ethnicity / race, others are chronic co-morbidities, socio demographic/ economic factors 

and facility characteristics. BMI together with or without the factors can affect the outcomes listed in one 

way or the other in hospitalised AKI patients.  

The mechanisms  of AKI and obesity is multifactorial and interactional. Obesity is considered a 

novel risk factor for developing AKI especially among the critically ill. It is also a risk factor for 

increased mortality, increased hospital utilization, and cost in AKI patients. 82, 23 Other risk factors may 

interact with obesity to modify the effects either to increase or decrease risk of poorer outcomes 

(mortality) in the patients. the risk dimensions can be classified as individual, socio economic, and 

environmental factors.  

Individual factors associated are age, sex, presence of comorbidities, the severity of illness, ICU 

admission, dialysis, major surgery. Older age is associated with increased BMI and also with Mortality in 

AKI patients. Comorbidities such as preexisting CKD, diabetes, hypertension, HIV/AID, Heart and 

vascular diseases, COPD, sepsis, hyperlipidaemia, anemia are risk factors that can influence the 

relationship between BMI and Mortality for the worse. Exposures like taking nephrotoxins, sepsis, 

alcohol abuse, tobacco use, drug use/dependence may affect the mortality in AKI patients. Higher or 

lower BMI than normal are likely associated with improper dosing of nephrotoxic drugs like diuretic, 

ACE-I, ARB or aminoglycoside. This may predispose patients to developing AKI and to the observation 

of poorer outcomes of mortality, increased LOS and cost of care. In the ICU, several  risk factors have 

been associated with mortality in AKI. Danziger reported the risk as, need for mechanical ventilation OR, 

3.15 (P = 0.03), hypotension OR, 3.48, (P = 0.02), liver failure OR, 5.37 (P = 0.02), low arterial 

bicarbonate (OR, 0.85, (P = 0.005), oliguria OR, 3.36, (P = 0.009), vasopressor use (OR, 4.83, P = 

0.004), sepsis (OR, 6.14, (P = 0.003), had dialysis, had major surgery (cardiac, lung surgery). 23 

Socio economic factors can directly or indirectly affect conditions that can predispose to increased 

poorer outcomes in AKI patients. Some of these factors are ethnicity /race, poverty, employment, 

education, lifestyle behaviors, social environment, access to health care services and immigration. For 

example, lack of education may predispose to obesity, through lack of knowledge on the usefulness of 

physical exercise, dieting, and consequences of smoking.93 Immigrants to the USA may lack 
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understanding of the U.S. Health-care system, have different cultural attitudes to health, and may have 

historical risk factor patterns that may predispose them to the conditions. 93, 94 

Environmental factors- Health status, access to health care, and health outcomes may vary by geographic 

region, within states, cities, counties, neighborhoods, census tracts. Metro region may reflect income as 

low SES affects choice of residence. Previous reports observed health disparities in residents of 

nonmetropolitan areas, compared with residents of metropolitan areas. 95 Non metro areas tend to have  

higher rates of health risk factors such as physical inactivity, obesity, cigarette smoking, there may also 

be less access to health care services, higher uninsured or underinsured persons, delay seeking care, 

higher poverty, and lower educational attainment.95 Hales corroborated this, in their report that prevalence 

of obesity varied by level of urbanization, they reported higher prevalence of obesity among adults living 

in nonmetropolitan statistical areas (MSA) compared with adults living in large metropolitan statistical 

areas. (38.9% vs 31.8% for obesity and 9.9% vs 4.1% for severe obesity, in men, respectively, and 47.2% 

vs 38.1% and 13.5% vs 8.1%,  in women respectively). 16 

 

2.5 Ethnicity and Race Influences.  

There is a growing minority population across the USA that it’s been extrapolated that by the year 

2044, more than half of the total U.S. population will be, foreign born.31 The minority ethnicities are, 

blacks, Hispanics, American Indians/Alaska Natives, Asians, and Native Hawaiian or Other Pacific 

Islanders (NHOPIs). Albeit overall improvements in health of the USA population, disparities in disease 

burden, premature death and shorter life expectancy, and disability still persists for race/ethnic minorities. 

This ultimately translates to decreased quality of life, economic inequalities, and perception of injustice in 

these minorities. Several reports have noted disparities among the minorities for many chronic conditions.  

For instance it is estimated that 80% of African American women are overweight or obese compared to 

64.8 % of non-Hispanic white women and that Native Hawaiians and Pacific Islanders were 80% more 

likely to be obese compared with non-Hispanic whites.96, 97 Craig noted that black adults had the highest 

prevalence of obesity/ severe obesity compared with all other race. Again, it was highest among adult 

non-Hispanic black women compared with other races.16 Akinyemiju et al., also observed a higher 
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proportion of Blacks (26.8%; 12.5%) and Whites (23.3%; 8.7%) had BMI of 40 to 49.9 and ≥50, 

respectively, compared with Hispanics (20.4%; 7.3%), and that black patients had significantly longer 

hospital stay across all conditions compared with Whites. 66  

The prevalence of hypertension as reported by Fryar et al., in 2017 was higher among non-

Hispanic blacks (40.3%) than in non-Hispanic white (27.8%). Non -Hispanic Asians and  Hispanic adults 

had prevalence’s of 25 and 27.8 % respectively.98  Zhu et al. using 2013 data, reported the age-

standardized prevalence of diabetes according to race as 27.7% in Hawaiians/Pacific Islanders, 22.2% in 

Hispanics, 21.4% in blacks, 19.6% in American Indians/Alaskan Natives and 19.3% in Asians. A lower 

prevalence of 12.2%  was observed in Whites. 99African Americans tend to have higher prevalence of 

kidney diseases, than other ethnicities. The increased risk in AKI was reported by several authors. 

Shashaty reported an independent risk with an OR of 1.86, 95% CI:1.08,3.18, P=0.024) among their 

African American patients. 100 Hsu reported a higher incidence of dialysis-requiring AKI in African 

Americans and so did Liangos and Wang who both observed higher incidences of AKI in older black 

patients. 36, 41 Grams observed 36.8% of patients on dialysis are African Americans, they also have a 2-4 

times higher risk of advanced CKD. 101 The multiple risk for the diseases in them may be additive in 

determining poorer outcomes compared with their white counterparts. 

Reasons for the disparities in races are proffered, African Americans may have lower residual 

renal function, lower mean hemoglobin levels, higher hypertension prevalence and higher prevalence of 

obesity usually observed in them. 102, 103 Other races tend to have lower SES, income and lower education 

compared with their white counterparts.  Wealth and education in USA both tend to be inversely related 

with obesity. 104, 105 The relationship with Education was more obvious in women, the higher the 

prevalence of overweight/obesity, the less educated they were. 104, 106 For Genetic reasons, Apol1 gene 

variants presence is more prominent in African Americans than other ethnicities and this may make them 

more susceptible to kidney diseases. 107  

Access to healthcare is an important factor that determines racial/ethnic disparities in health care 

and health status in the USA. Insurance cover and type of insurance often accounts for the wide 

racial/ethnic disparities observed and as such, minorities in USA tend to have poorer access to adequate 
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healthcare and less insurance coverage.  In 2018, 10.6 % of African Americans, 18 % of Hispanics, 7% of 

Asian Americans, 8.3 % of Native Hawaiians and Pacific Islanders, 15 % of American Indians and 

Alaska Natives were uninsured compared with 5 % percent of non-Hispanic whites.108 If these disparities  

continue and with the growing minority population, the impact on public health in the United States will 

be magnified. 
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CHAPTER 3: METHODS 

3.0 General Approach 

3.01 Setting and data source  

 The Nationwide Inpatient Sample (NIS) database, a representative sample of the Healthcare Cost 

and Utilization Project (HCUP) was used for this research. The NIS is maintained by the Agency for 

Healthcare Research and Quality (AHRQ). It is the largest publicly available, all-payer inpatient-

healthcare database in the USA, and contains a 20% stratified sample of yearly discharge data from short-

term, non-federal, non rehabilitation hospitals. Patients who are hospitalized multiple times may be 

present in the NIS data but are not differentiated so each hospitalization is treated as an individual entry. 

The NIS contains over a hundred clinical and nonclinical data elements for each hospital stay which 

include demographic variables, diagnoses, comorbidity measures, procedures, died, length of stay, 

hospital characteristics (e.g., ownership, size, location/teaching status) and hospital charges. Unweighted, 

it contains data from more than 7 million hospital stays each year. Weighted, it estimates more than 35 

million hospitalizations nationally. The 2013-2017 NIS subset used in this research contains 

administrative data from over 2 million hospitalizations for AKI, representing over 1000 hospitals in 44 

states, and 95% of the USA population. More information on HCUP-NIS can be obtained at 

https://www.hcup-us.ahrq.gov/nisoverview.jsp. 

The  International Classification of Diseases, 9th and 10th revision, Clinical Modification ( ICD‐9‐

CM and ICD‐10‐CM disease and procedure codes, Clinical Classifications Software (CCS) disease and 

procedure codes (PRCCS) were used to obtain data on discharge diagnoses, co-morbidities and 

procedures. ICD-9 codes were employed from 2013 to September 2015 (Version ICD9 V 30-32). ICD-9 

codes was replaced by the newer ICD-10 codes beginning October 1, 2015. The general equivalence 

mappings (GEM) forward and backward mapping was used to match codes with the same diagnosis. The 

forward mapping (ICD-9-CM to ICD-10-CM/PCS GEMs) was used to convert ICD-9-CM-based edits 

while backward mapping was used to match ICD-10 codes and ICD-9-CM codes that previously captured 

the diagnosis or procedure.109 Detailed descriptions of the ICD-9-CM and ICD-10 CM codes used are 

available in the Appendix 1. 

https://www.hcup-us.ahrq.gov/nisoverview.jsp
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3.02 Study population 

 Data on adult patients aged 18 years and above, hospitalized with any diagnosis of AKI and who 

have BMI recorded were assessed. 

Case definition.  

The case definition of AKI were, any hospitalization with discharge diagnosis code of ARF, regardless of 

cause of hospitalization of ARF. Patients were identified with administrative codes for ARF by the 

presence of ICD-9-CM disease codes 584.5-584.9, ICD-10-CM 17.0-17.9 and CCS 157 in any of the 

listed diagnoses. The  most frequent ICD-9 and ICD -10 codes were 584.9 and 584.4, 17.0 and 17.9 

respectively. This method is validated to be highly specific at the cost of decreased sensitivity).  

ARF-Dialysis (ARF-D) was identified by the additional presence of any of the following codes:  

• Procedure code-ICD-9 (39.95) ICD-10 (5A1D70Z, 5A1D80Z, 5A1D90Z),(CCS 58), for 

hemodialysis.  

• Diagnosis codes ICD-9(V45.1) (renal dialysis status), V56.0 (extracorporeal dialysis), or 

V56.1 (fitting and adjustment of dialysis catheter). (ICD10-Z99.2)  

The procedure code ICD-9 (39.95) and ICD-10 (5A1D70Z, 5A1D80Z, 5A1D90Z) accounted for over 

90% of all hemodialysis codes in patients with ARF-D.  

Exclusion criteria: the following diagnosis were excluded:  

Severe edematous states or anasarca, Fluid overload, ascites  

Nephrotic syndrome  

Pregnancy- women treated for pregnancy, childbirth, or postpartum. 

ESRD (Diagnosis codes for ESRD ICD-9 585.5 and 585.6, (ICD-10-N18.5 and N18.6). Procedure codes 

for arteriovenous access creation or revision was excluded to avoid misclassification of hospitalizations 

for hemodialysis initiation. Hospitalizations  with dialysis codes but no AKI code, assumed that patients 

were on maintenance hemodialysis. This approach has good sensitivity and specificity. 110(See appendix 

for details of codes used) 
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3.03 Variables 

The data was decoded, sorted, categorized and cleaned. Variables used were obtained directly 

from the data or in the case of the diseases were created using the looping method in stata.  

Outcome variables:  

The outcomes of interest were all-cause in-hospital mortality, hospital length of stay, and hospital 

cost. All outcome measures were readily available in the dataset.  

In-hospital mortality was all-cause death occurring during hospitalization. 

Length of stay (LOS) was the number of days a patient stayed in a hospital for treatment. Calculated 

from  the day of admission in the hospital till the day of discharge. 

Hospital cost of care was Hospital charges, converted to hospital costs by multiplying with the cost-to-

charge ratios based on the detailed information that hospitals send to the Center for Medicare and 

Medicaid Services (CMS).111 

Exposures variables: 

Exposures used were identified in other existing studies and were based on, availability in NIS, and 

applicability to study outcome.  

The Primary exposure of interest was the BMI classified into 7 categories. 

BMI was defined with diagnostic code of (V85XX) ICD-9 CM and (Z68XX) ICD 10CM, in cases where 

such measures were obtained during hospitalization. For the purpose of this study, BMI was classified 

into: <19.0kg/m2,19–24.9 kg/m2; 25.0–29.9 kg/m2, 30.0–34.9 kg/m2, 35–39.9 kg/m2 ,40-49 Kg/m2, and 50 

& above kg/m2.  

Other exposures : Other variables of interest in dataset were: 

Socio-demographic/ Socio-economic factors 

Age : a continuous variable  and was categorized into, ages (18–44, 45–64, 65–74, or ≥75) 

Sex: male and female. 

Race/ethnicity: was categorized as White, Black, Hispanic, and other (Asian, Pacific Indian, native 

American +others). 

Tobacco use: Yes/No. 
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Alcohol abuse: Yes/No 

Residential income was categorized into quartiles based on median household income at the zip code 

level, for the current year. This was classified as, quartile 1, 0-25th percentile, quartile 2, 26th-50th 

percentile, quartile 3, 51st-75th percentile and quartile 4, 76th-100th percentile. 112 

Metro Region: or residential region was categorized into large metropolitan areas (metropolitan areas 

with 1 million residents or more), small metropolitan areas (metropolitan areas with <1 million residents), 

micropolitan areas and non-metropolitan or non-micropolitan areas. 112 

Payer or Insurance status: was classified into Medicare, Medicaid, private (includes Blue Cross, 

commercial carriers, private health maintenance organizations and preferred provider organizations) and 

self-insured/others (includes Worker's Compensation, Title V, and other government programs). 112 

Hospital characteristics:  

Location/teaching status was classified into, Rural, urban non-teaching, urban teaching. 

Bed size was categorized into, small, medium and large. Control/ownership of hospital was classified as 

Government non-federal, private not profit and private investment- own. 112 

Clinical exposures variables 

Variables  were created as individual categories with the presence (Yes) or absence(No) of the condition/ 

comorbidity. 

Primary AKI- AKI was termed primary if it was the first diagnosis recorded on admission or discharge 

Acute clinical conditions during the inpatient stay such as Sepsis, acute myocardial infarction (AMI). 

Dyslipidemia: Yes or No  

Elixhauser comorbidities- for identifying Elixhauser comorbidities Quan’s ICD–10–CA and enhanced, 

AHRQ Web ICD–9 CM coding algorithms and using available macros was used. The validation of this 

comorbidity set for risk adjustment has been extensively demonstrated. 113-115  

Elixhauser comorbidity score/comorbidity index- The AHRQ Elixhauser Comorbidity Index for the 

creation of elixhauser comorbidity index was used. The number of available diagnosis codes for inclusion 

in the analysis file was capped at 25 because few records contain >25 diagnoses. This identified over 99% 

of the comorbidities available in the HCUP NIS files. 114, 115 
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Procedures: the ICD-9 and ICD-10 disease and procedure codes were used to extract the procedures 

below. Dialysis: Yes or No , Cardiovascular surgery: Yes or No, Mechanical ventilation use: Yes or No 

 

Missing data: A threshold of 10% missingness for variables of interest was not reached for any variable 

included in this analysis.  

 

Data analysis was performed using Stata/IC 16.1(StataCorp. 2019. Stata Statistical Software: Release 16. 

College Station, TX: StataCorp LLC.) 

 

3.1 Ethical consideration 

The NIS data set does not contain direct patient identifiers. According to federal regulations, 

Institutional Review Board approval is not required for research using the HCUP-NIS database, as it 

involves analysis of de-identified publically available data set. Certifications required to use HCUP data 

were obtained. Data use agreement (DUA) was signed before using the dataset. 
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3.2 Specific aims approach 
3.21 Aim 1: To examine association between body mass index and all cause in-hospital mortality and to 

evaluate in relation to ethnicity/race in hospitalized AKI patients .  

Study design: retrospective cohort. 

Hypothesis: Statistically significant differences exist in the relationship between the BMI and in-hospital 

mortality in hospitalised AKI patients, furthermore, the strength of association will be modified by 

race/ethnicity. 

H0: The risk of in hospital mortality is the same in each BMI categories: RR1=RR2=RR3……… 

Ha: The risk of in hospital mortality is not the same in the BMI categories: at least one group is different 

from the others  

Outcome: All cause in-hospital mortality (a binary variable) 

Primary exposure: BMI in 7 categories.  

Other exposures: Age, sex, race/ ethnicity, tobacco use, residential income, insurance, metro region. 

Associated acute conditions, co-morbidity (as defined by Elixhauser), comorbidity index, dialysis, 

mechanical ventilation, cardiac surgery. 

Data analysis: 

Descriptive statistics comparing characteristics of patients:  

BMI categories was primary independent variable while all cause in-hospital mortality was the dependent 

variable. Descriptive  statistics to examine the distribution of variables by BMI categories, by 

race/ethnicity and other exposures was conducted and presented thus: Continuous variables were reported 

as mean ± standard deviation or if not normal as median and IQR. Categorical variables were expressed 

as frequencies with percentage (proportions). Bivariate associations between BMI categories and 

mortality, and with each of the exposures was done and chi-square tests was used to compare. Exposures 

indicating significant associations with BMI and mortality were considered as potential confounders.  

Multivariable analysis:  

Log binomial regression, a generalized linear model (GLM) with a log link function and logistic 

regression were used to assess the association between BMI categories and all cause in hospital mortality. 
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(As the overall mortality rate was below 10%, logistic regression was used in situations where the log-

binomial model failed to converge.  

Model Development Strategy –Selection of exposures: 

Exposures used were identified in other existing studies and was based on, availability in the NIS, and 

applicability to study outcome & exposure variables. Adjustment  for  other variables and potential 

confounders was done. All the exposure variables were entered simultaneously into the model at the start 

of the regression analysis. There was sufficient power to adjust for the potential confounders because of 

the large sample size. Many models were tested and the models with the lowest (Akaike information 

criteria) AIC were presented. Results were reported as relative risk (RR) with a 95% confidence interval 

(CI). Odd ratios (OR) were also reported as RR.  All reported probability values are considered 

statistically significant if P < 0.05.  

Interaction with race/ethnicity:  

Interactions tests whether the joint effect of 2 risk factors on an outcome differs from the sum or 

product of their independent effects. Statistical interaction was assessed using logistic regression 

modelling to examine the association between BMI and mortality at specifc levels of race/ethnicity.  

(use of logistic regression was based on the assumption that the odds ratio was in lieu of the relative risk, 

as the overall mortality was 6.4% (<10%). The BMI group 19-24kg/m2 and white race were set as 

reference. The model was adjusted for the other exposures and confounders. To evaluate the significance 

of models fitted with interaction terms, Maximum Likelihood Ratio test and Wald statistics were 

reported. Interactions were considered statistically significant if P < 0.05 for both values.  To further 

display the interaction effect, the predicted probabilities of mortality for BMI values on race/ethnicity 

were plotted using margins and the results were presented as graphs. 

Probing interactions: 

Measures of  interactions were assessed on the multiplicative and additive scales for Aim 1. Logistic 

regression modelling, which is inherently a multiplicative model was used to obtain the measures of 

additive interaction as the assessment on an additive scale may be most relevant from the multiplicative 

models.116 
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Interaction on a multiplicative scale: 

To assess interaction on a Multiplicative scale, the expected joint odds ratio was estimated as the product 

of the multiplication of the independent odds ratios and were compared with the observed joint OR.   

(Exp OR A+Z + = Observed OR A+Z − * Observed OR A−Z +) Where A+B+ is both BMI and race present, 

A+B- only BMI present and A-B+ only race present. If the observed risk for having both A and B is equal 

to the expected, then there is no interaction. If the observed risk for having both A and B is greater than 

the expected risk, then there is a positive interaction and if the observed risk for having both A and B is 

less than the expected risk, then there is negative interaction Or If RR A+B+/RRA+B_*RRA_B+ > 1, 

then multiplicative interaction is said to be positive and if less than 1 then it is negative interaction. 117 

Interaction on an additive scale: 

Subgroup analysis for interaction was done to further probe the groups that had significant interaction on 

an additive scale. Three measures of interaction on an additive scale were estimated. The delta method 

was used to derive their corresponding 95% confidence intervals. 116-118  

The relative excess risk due to interaction (RERI) which is the excess risk due to interaction relative to 

the risk without exposure was estimated thus, RERI = RR A+B+ (both factors present) - RR A+B_ (only 

factor A) -  RR A_B+  (only factor B)  +1. The attributable proportion (AP) is the attributable proportion of 

disease that is due to interaction among persons with both exposures. (AP =RERI/ RR A+B+). The synergy 

index S is the excess risk from both exposures when there is a biological interaction, relative to the risk 

from both exposures without interaction. (ratio between combined effect and individual effects) and is  

(RR A+B+ -1)/ (RR A+B_ - 1) + (RR A_B+ - 1). RERI > or < 0, AP > or <0, or SI >  or < 1 indicates an 

interaction. In order to get the measures of interaction on an additive scale for protective risk factors, the 

variables were re-coded in such a way that the stratum with the lowest risk, when both factors are 

considered jointly, was made the reference category.119 For easier interpretation if there was a negative or 

sub additive interaction, and to obtain an AP value which is between 0 and -1, the joint effect was 

calculated thus: RR11 = RR10 + RR01 − 1.  so instead of comparing the effect of the joint group against 

RERI to see how much more interaction there was, RERI was compared against what the effect would be 

if there was no interaction to see how much less interaction there was. (i.e., then it would hold that: RR11 
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= RR10 + RR01 − 1). A different version of AP, AP-2 was therefore obtained and presented:  AP-2 

=RERI/ max ( RR11,  RR10 +  RR01 − 1). 120, 121. The interaction was presented in accordance with the  

STROBE recommendation for reporting interaction.118 

 

3.22 Aim 2: To examine relationship between body mass index and hospital utilization (LOS,) in 

hospitalized AKI patients, and to evaluate  in relation to race/ethnicity. 

Study design: retrospective cohort. 

Hypothesis: Statistically significant differences exist in the relationship between the BMI and the LOS in 

hospitalised AKI patients, the strength of association will be further modified by race/ethnicity 

H0: The median LOS is the same in each BMI category: μ1= μ 2= μ 3………… 

Ha: The median LOS is not the same in the BMI category: at least one group is different  from the others: 

μ1 ≠ μ 2 ≠  μ 3……… 

Outcome:  LOS (continuous variable)                     

LOS was calculated from the date of admission to the date of the index hospital discharge, with single 

day admissions coded as 0. 

Primary exposure: BMI in 7 categories.  

Other exposures: Age, sex, race/ethnicity, tobacco use, alcohol abuse, primary AKI, residential income, 

insurance, metro region, clinical conditions, comorbidity index dialysis, mechanical ventilation, cardiac 

surgery, non-survivors, Hospital characteristics – location/teaching status: (rural, urban non-teaching, 

urban teaching), bed size-number of beds: (small, medium, large), ownership: (government owned, 

private nonprofit, private investment owned). 

Data analysis:  

The full analysis set included AKI hospitalizations with BMI categorized into 7 categories as primary 

independent variable while LOS is the dependent variable. 

Descriptive statistics: Continuous variables were reported as mean ± standard deviation and as median 

with IQR. Mann Whitney-U and Kruskal Wallis test were used to assess differences in median 

distributions of LOS between 2 and more than 2 groups respectively. Subsequent post-hoc pairwise 
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multiple comparisons were done to find where the significance between groups exist. Bonferroni multiple 

pairwise correction were done and reported such that the level of significance for all statistical tests was  

set at P < 0.05. 

Multivariable analysis: 

The goal is to develop a model which predicts the length of hospital stays in AKI hospitalisations 

according to BMI categories. Generalized linear models (GLM) with Gamma distribution family and log 

link function were used to examine the relationship between LOS, and the categories of BMI and other 

exposures. Independent variables chosen for their clinical significance in affecting health care utilization 

were  retained in the model regardless of statistical significance. Confounders were assessed and adjusted 

for in the model. Interaction with race/ethnicity was sought for also using the glm regression model with 

interaction terms, to assess the association between LOS and BMI categories at specifc levels of 

race/ethnicity. To further display the interaction effect, the predicted probability of LOS for BMI values 

with race/ethnicity was plotted using margins and the results were presented as graphs. 

 

3.23 Aim 3: To examine the hospital cost across BMI categories and to evaluate in relation to 

ethnicity/race in hospitalized AKI patients.  

Hypothesis: Statistically significant differences exist in the relationship between BMI and hospital cost 

in hospitalized AKI patients and the association will be further modified by race/ethnicity. 

H0: The median hospital care cost is the same in each BMI group: μ1= μ 2= μ 3………… 

Ha: The median hospital care cost is not the same in each group: at least one group is different  from the 

others:  μ1 ≠ μ 2 ≠  μ 3………          

Outcome:  The main outcome variable was the hospital care cost during hospitalization. To calculate the 

cost of hospitalization, cost to charge ratio files were utilized and merged with the original files. These 

files are provided by the sponsor NIS-HCUP.111 The final cost was calculated by multiplying hospital 

charges with the cost to charge ratio. Hospitalizations with missing cost were excluded. Costs  were 

reported to the nearest hundred of USD.  
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Primary exposure:  BMI into 7 categories 

Other exposures: socio demographics and clinical factors: race/ ethnicity, income, insurance type, 

comorbidity, survivor status, LOS, hospital factors: ownership, bed size, location/teaching status, 

procedures: dialysis use, mechanical ventilation, cardiac surgery,  

Data analysis: 

Descriptive: 

Costs were reported as mean ± standard deviation and as median with the IQR. The nonparametric tests 

Mann Whitney U and Kruskal Wallis were used to assess differences in median distributions of costs 

between 2 and more than 2 groups respectively. Post  hoc , Dunn’s Multiple Comparison Test with 

Bonferroni correction was used to find where the significance between groups exist. Results are reported 

such that the level of significance for all statistical tests was set at P < 0.05. 

Multivariable analysis: 

Generalized linear models with Gamma distribution family and log link function were employed to 

examine the relationship between the BMI and hospital cost adjusting for the other exposures. 

Independent variables were chosen for clinical significance in affecting cost and retained in the model 

regardless of statistical significance. Confounders were assessed and adjusted for in the model. 

For interaction with race/ethnicity, the GLM regression model with interaction terms to assess the 

association between cost and BMI categories at specifc levels of race/ethnicity was used. To further 

display the interaction effect, the predicted probability of cost for BMI values on race/ethnicity was 

computed using margins and the results were presented as graphs. 
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CHAPTER 4: RESULTS 

Total number of adult patients 18 years and above with AKI and BMI recorded was 759,036. 

Figure 2: flow chart of hospitalizations of AKI patients utilized in the study. 

 

 

 

 

Descriptive characteristics of hospitalized AKI patients.  

The characteristics of the total patients studied is displayed in table 1.The mean age was 65.7 (14.6) years 

and the median(IQR) was 67(57-77) years. 30% of the patients were in the >75years group. The white 

race made up the majority of the cases. There were 67.5% White, 20.1% Black, 7.9% Hispanic, and 4.4% 

other race (figure 3).  

 

 

 

 

759,036 patients with BMI 

recorded

BMI 

•<19         - 87,839

•19-24.9.  -64,606

•25-29.9    -51,128

•30-34.9.   -103,946

•35-39.9.   -104,009

•40-49.9.   -186,955

•50&above  -81,273

679,756 patients

79,280 cases were excluded.

•Nephrotic syndrome, anasarca, severe edematous states-3,227 

•Fluid overload -21,212     

•Conditions with ascites-24,936

•Stage 5 and 6 CKD- ESRD-29,016

•Conditions with pregnancy (CCS)- 889
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Table 1: Descriptive characteristics of hospitalized AKI patients: NIS Sample 2013 to 2017. 

Parameter  Frequency  Percent 

BMI category n=679,756   

<19 87,839 12.9 

19-24.9 64,606 9.5 

25-29.9 51,128 7.5 

30-34.9 103,946 15.3 

35-39.9 104,009 15.3 

40-49.9 186,955 27.5 

50&above 81,273 12.0 

Socio demographics   

Age, mean  (SD) (n=679,725) 

18-44 

45-64 

65-74 

>75&above 

65.69 

36.17 

56.33 

69.36 

82.30 

(14.56) 

(6.35) 

(5.40) 

(2.82) 

(5.01) 

Median age (IQR) 67 (57-77)  

Age category(years)   

18–44, 57,080 8.4 

45–64, 243,264 35.8 

65–74, 180,762 26.6 

≥75 198,619 29.2 

Sex  (n=679,613)   

Male   324,673              47.8        

Female  354,940        52.2 

Race/ ethnicity(n=652,330)   

White  440,664 67.6 

Black  131,347 20.1 

Hispanics 51,391 7.9 

Others  28,928 4.4 

Residential income (n=667,991)    

0-25th percentile      224,248        33.6 

26th-50th percentile 179,446        26.9        

51st-75th percentile 154,820        23.2        

76th-100th percentile 109,477        16.4       

Insurance (n=679,066)   

Medicare  435,573        64.1 

Medicaid 83,477 12.3 

private(ref. group)  123,949 18.3 

self-pay/no charge/other 36,067 5.3 

Metro region (n=677,445)   

>=1 million population     361,287        53.3        

<1 million population      206,064        30.4        

Micropolitan counties      65,665         9.7 

Not metropolitan or micropolitan counties       44,429         6.6       

Tobacco use (n=679,756) 92,603 13.6 

Clinical conditions (n= 679,756)   

Primary AKI 85,466 12.6 

sepsis   160,871           23.7       

AMI 38,099        5.6       

Alcohol abuse 34,217         5.0 

Dyslipidemia 288,602        42.5       

Elixhauser comorbidity index (AHRQ)   

<0      71,767        10.6        

0       19,523         2.9        

1-4 47,737         7.0        

>=5      540,729        79.6       

Dialysis 20,736         3.0 

Cardiac surgery 21,152  

Mechanical ventilation use  94,288        13.9       

Outcome   

Non survivors  43,772         6.4       
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Table 1b: 1Descriptive characteristics of hospitalized AKI patients NIS Sample 2013 to 2017   

Hospital characteristics  Frequency  Percent  

Location/teach status   

Rural 54,359    8.0         

urban nonteaching 189,275        27.8   

urban teaching. 436,122        64.2      

Hospital control/ownership    

Govt non-federal 70,811        10.4        

private, not profit 508,728        74.8       

private, invest-own 100,217        14.7       

bed-size:    

Small  117,878        17.3 

Medium  196,973        29.0        

Large  364,905        53.7       
 

 

 

Figure 3: Distribution of BMI categories according to race/ethnicity 
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The distribution of sociodemographic data by BMI categories is presented in Table 2. A higher 

proportion of other race (20%) and black race (13.8%) had BMI of < 19 kg/m2  compared with white race 

(12.6%) and Hispanics (10.9%); and higher proportion of other race (14%) and Hispanic 10.7% had  BMI 

19–24 kg/m2   than black (8.8%) or white (9.4%). A  higher proportion of other race (9.2%) and 

Hispanics (10.7%) had  BMI 25–29.9 kg/m2  compared with Whites (7.4%) and Blacks (6.7%). However, 

a higher proportion of Blacks (28.1%; 13.8%) and Whites (28.1%; 11.7%) had BMI of 40 to 49.9 kg/m2  

and ≥50 kg/m2 respectively, compared with Hispanics (23.2%; 9.5%) and other race (19.9%; 8.7%).  

Hospitalizations with normal BMI tended to have a higher mean age, 72.44 (15.24) years at 

admission, which tended to decrease as BMI increased. A higher proportion of females than males were 

in the higher BMI categories (BMI >/= 35 kg/m2 ). A higher proportion of tobacco users had BMI 40-49 

kg/m2 (23.3%) and low BMI <19 kg/m2 (18.2%) and a higher proportion of alcohol users were in the <19 

kg/m2 BMI category than in the others. A larger proportion of residents in high residential income areas 

were in the BMI group 30-50 kg/m2. The BMI group >50 kg/m2 had a higher percentage of Medicaid 

hospitalizations (18%) compared to others. A higher proportion in the BMI categories 30-49.9 kg/m2 

belonged to the private insurance group. (16%BMI 30-34.9, 18% 35-39.9, 32% 40-49.9) A higher 

proportion with higher BMI tended to live in the non-metropolitan and micropolitan areas. 
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Table 2: Percentage distribution of socio-demographic characteristics according to BMI categories. 

Exposure Total <19 19-24.9 25-29.9 30-34.9 35-39.9 40-49.9  ≥ 50 

 679,756 87,839 64,606 51,128 103,946 104,009 186,955 81,273 

BMI ‡  (12.9) (9.5) (7.5) (15.3) (15.3) (27.5) (12.0) 

Socio/ 

Demographics 

        

Age,mean(SD)* 65.69 

(14.56) 

71.92 

(16.24) 

72.44 

(15.24) 

69.98 

(14.51) 

66.45 

(13.85) 

64.39 

(13.42) 

62.74 

(12.83) 

58.38 

(12.27) 

Age category‡ 679,725        

18–44 8.4 11.0 6.4 5.3 12.9 15.1 29.7 19.6 

45–64 35.8 7.8 5.7 5.5 14.4 16.3 32 .6 17.8 

65–74 26.6 9.3 7.3 7.0 16.4 17.1 31.6 11.2 

≥75 29.2 23.0 17.1 11.1 16.1 12.5 16.9 3.3 

Sex ‡ 679,613        

Male 324,673 12.9 11.2 8.7 17.4 16.4 24.5 8.9 

Female 354,940 13 8.0 6.5 13.4 14.3 30.2 14.7 

Race / ethnicity‡ 652,330 84,745 62,529 49,458 99,895 99,829 178,470 77,404 

White 440,664 12.6 9.4 7.4 15.3 15.4 28.1 11.8 

Black 131,347 13.9 8.8 6.7 13.9 14.9 28.1 13.8 

Hispanics 51,391 10.2 10.7 10.7 19.0 16.8 23.2 9.5 

Others 28,928 20.0 14.0 9.2 15.0 13.0 20.0 8.8 

Tobacco use ‡ 92,603 18.3 10.7 7.3 16.0 15.4 23.3 9.0 

No 587,153 12.1 9.3 7.6 15.2 15.3 28.2 12.4 

Alcohol abuse‡ 34,217 20.3 15.2 10.7 17.0 13.8 17.9 5.1 

No  12.5 9.2 7.4 15.2 15.4 28.0 12.3 

Residential 

income**‡ 

667,991 86,134 63,332 50,174 102,201 102,265 183,923 79,962 

0-25th percentile 224,248 13.0 9.0 7.2 14.6 14.8 28.1 13.3 

26th-50th percentile 179,446 12.0 8.9 7.3 15.1 15.4 28.6 12.7 

51st-75th percentile 154,820 12.4 9.4 7.7 15.8 15.7 27.7 11.3 

76th-100th percentile 109,477 14.9 11.4 8.3 16.4 15.6 24.3 9.1 

Insurance‡ 679,066 87,755 64,560 51,078 103,846 103,919 186,724 81,184 

Medicare 435,573 14.9 10.8 8.1 15.2 14.6 26.1 10.3 

Medicaid 83,477 11.9 7.7 6.2 13.5 14.5 28.4 17.9 

private(ref. group) 123,949 7.5 6.6 6.4 16.4 17.9 31.6 13.6 

Self-pay/other 36,067 10.1 7.9 7.4 16.5 17.3 28.3 12.6 

Metro region‡ 677,445 87,382 64,214 50,866 103,585 103,697 186,584 81,117 

>=1 million pop 361,287 13.6 10.4 8.2 15.8 15.4 25.8 10.8 

<1million pop 206,064 12.5 8.5 6.9 14.9 15.2 29.2 12.9 

Micropolitan counties 65,665 11.7 8.4 6.7 14.0 15.0 30.1 14.1 

Not metro or micropo 44,429 11.2 7.9 6.3 14.7 15.4 30.6 14.0 
*Presented as mean (standard deviation). 

** zip income quartile. 

‡ Presented as % by BMI category. 
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Table 2b, presents the distribution of clinical characteristics. A higher proportion of hospitalizations in the 

30-50 kg/m2 BMI categories had secondary than primary AKI. Primary AKI had a high proportion in the 

40-49.9 kg/m2 (26%) and in the <19 kg/m2 category (17%). Hospitalizations with dyslipidemia was 

increased in the higher BMI groups 30-49.9 kg/m2 compared to those with no dyslipidemia. A higher 

proportion of patients in the 40-50 kg/m2 BMI groups had dialysis than no dialysis (34% vs 27& and 

18%vs12%). More cardiac surgeries were performed in the BMI group 30-49.9 (34%) than in the lower 

groups. For the chronic co-morbidity index, a higher proportion of BMI <19 kg/m2 had >=5 chronic 

conditions (16%) compared to other BMI groups except BMI 40-49 kg/m2 category. 

 

Table 2b: 1 percentage distribution of clinical and hospital characteristics by BMI categories 

Clinical Variables Number  <19 19-24.9 25-29.9  30-34.9  35-39.9  40-49.9  ≥ 50  

Primary AKI 85,466 17.3      12.1           8.0           13.1       13.5        25.5        10.6 

Secondary AKI 594,290 12.3      9.1            7.5          15.6          15.6          28.0          12.1     

Sepsis: Yes 160,871 16.6      11.0          7.6         12.4        12.0          26.5          13.8     

No 518,885 11.7       9.0          7.5         16.2         16.3        27.8         11.4            

AMI*: Yes 38,099 12.1       7.8            8.0         19.0         17.1          27.5          8.5       

No  641,657 13.0       9.6            7.5            15.0           15.2        27.5         12.2    

Dyslipidemia:  288,602 7.5        7.4         7.7          18.4          18.4          29.6            11.0    

No  391,154 17.0            11.1      7.4       13.0           13.0         26.0          12.7     

CCI*: <0 71,767        0.9        1.1       4.8       20.3       22.3       35.5      15.1 

0 19,523         1.1        1.4        5.3       20.8       22.5       34.9       14.1 

1-4 47,737         2.1        2.3        5.2       19.3       20.6       35.1       15.4 

>=5 540,729        15.9       11.6        8.2      14.1       13.7       25.5       11.2 

Dialysis: Yes 20,736 7.8        6.8            7.0        12.6           13.7           33.7            18.4         

No  659,020 13.0       9.6            7.5         15.4          15.4         27.3           11.8     

Mechanical vent *: 

Yes 

94,288 13.1       9.9            7.7           15.8          15.7           26.9         11.0      

No  585,468 11.7       7.3           6.3          12.4          13.0        31.4           18      

Cardiac surgery:  21,152 3.7        4.6        8.1       20.3       20.6       33.6        9.1       

No  658,604 13.2        9.7        7.5       15.1       15.1       27.3       12.0 

Hosp. 

characteristics 

679,756        

Loc/teach: rural  54,359   13.5        8.6        6.2       12.9       14.4       29.9       14.4 

urban nonteaching 189,275        12.2        9.6        8.0       15.5       15.6       27.5       11.7 

urban teaching 436,122        13.2        9.6        7.5       15.5       15.3       27.2       11.8 

Hosp control:          

Govt Non-federal  70,811        13.4        9.6        7.5       15.2       14.7       27.1       12.5 

Private, not profit 508,728        13.0       9.2        7.0       15.2       15.4       28.2       12.1 

Private, invest-own 100,217        12.1       11.3       10.0       16.0       15.5       24.4       10.7 

Bed size         

Small  117,878        12.9       9.4        7.3       15.4       15.7       27.3       12.0 

Medium  196,973        12.6        9.5        7.8       15.4       15.4       27.5       11.8 

Large  364,905        13.1       9.6        7.4       15.2       15.1       27.6       12.0 
* AMI=acute myocardial infarction, CCI= chronic comorbidity index, mechanical ventilation, Hosp= hospital, Loc/teach= location/teaching status 

‡ Presented as % by BMI category. 
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Table 3 displays the associations between mortality and the exposures. There was significant association 

with mortality for all the variables except for cardiac surgery. 

Table 3: Bivariate associations between exposures and In-Hospital Mortality 

 Total  Non-survivors (%) Survivors  P value  

BMI kg/m2     

  <19 87,757 10,568 (12)     77,189       <.001 

19.0–24.9 64,557 5,895 (9.1) 58,662       

25.0–29.9  51,076     3,337 (6.5)  47,739       

30.0–34.9  103,853     4,527 (4.4)     99,326       

35–39.9  103,937     4,098 (3.9)     99,839      

 40-49.9 186,821      9,881 (5.3)      176,940       

50& above 81,231 5,466 (6.7)    75,765  

Age cat (years)     

18–44, 57,039     2,587 (4.5) 54,452     <.001 

45–64, 243,074     12,739 (5.2) 230,335      

65–74, 180,627     11,179 (6.2) 169,448      

≥75 198,461 17,266 (8.7) 181,195  

Sex        

Male   324,405     21,553 (6.6) 302,852     <.001 

Female  354,684     22,209 (6.3) 332,475  

Race / ethnicity    <.001 

White  440,336     29,636 (6.7) 410,700      

Black  131,212      6,668 (5.1) 124,544       

Hispanics 51,355      3,201 (6.2) 48,154       

Others  28,914 2,400 (8.3) 26,514  

Residential income     <.001 

0-25th percentile      224,132     13,954 (6)   210,178         

26th-50th percentile 179,201     11,511(6.4) 167,690      

51st-75th percentile 154,740     9,826(6.4) 144,914      

76th-100th percentile 109,402 7,689(7.0) 101,713  

Insurance     <.001 

Medicare 435,264        29,646(6.8) 405,618          

Medicaid 83,405     4,633 (5.6) 78,772      

Private   123,831      7,020 (5.7) 116,811       

Self-pay/no charge/other 36,042 2,417 (6.7) 33,625  

Metro region    <.001 

>=1 million pop 361,144      22,811 (6.3) 338,333     

<1million pop      205,733      13,222 (6.4) 192,511       

Micropolitan counties      65,627      4,431 (6.8) 61,196       

Not metro or micropolitan       44,419 3,126 (7.0) 41,293  

Tobacco use: Yes   92,525 5,078 (5.5) 87,447 <.001 

No  586,707         38,694 (6.6) 548,013        

Alcohol abuse: Yes 34,217 3,070 (9) 31,147 <.001 

No  645,015 40,702 (6.3) 604,313  

Primary AKI: Yes 85,387    2,109 (2.5)     83,278     <.001 

No 593,845      41,663 (7.0)      552,182       

Sepsis: Yes 160,722     24,097 (15) 136,625     <.001 

No  518,510     19,675 (3.8)     498,835      

AMI: Yes 38,058     5,554 (15)   32,504    <.001 

No  641,174      38,218 (5.9)     602,956       

Dyslipidemia: Yes 288,445   12,907 (4.5)   275,538  

No  390,787     30,865 (7.9)    359,922      

Comorbidity index    <.001 

<0 71,723      797(1.1) 70,926       

0 19,506      293(1.5) 19,213       

1-4 46,682     1,021 (2.2)     46,682      

>=5 498,639 41,661(8.4) 498,639  

Dialysis: Yes  20,719     4,839 (23.4)  15,880    <.001 

No  658,513      38,933 (5.9)     619,580  

Mechanical ventilation: Yes 94,185    25,051 (26.6)   69,134     <.001 

No  585,047      18,721 (3.2)    566,326       

 cardiac surgery: Yes 21,133     1,366 (6.5)    19,767      0.907 

No  658,099     42,406 (6.4)   615,693       
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Table 3b 1: Bivariate associations between hospital characteristics and Mortality  

Hospital characteristics  Number  Non-survivors Survivors  p-value 

Location/teach status:    <.001 

Rural  54,345       2,933      51,412         

Urban nonteaching 188,974     11,647      177,327      

Urban teaching. 435,913 29,192 406,721  

Hospital control:    <.001 

Govt non-federal, 70,546     4,978      65,568     

private, not profit, 508,506     32,422       476,084       

private, invest-own 100,180 6,372 93,808  

Bed-size:    <.001 

Small  117,837        6,453      111,384      

Medium  196,868        12,413      184,455      

Large  364,527       24,906 339,621  
 

 

Multivariable analysis: 

Unadjusted analysis: Table 4 shows the crude risk of in-hospital mortality in relation to BMI using both 

log binomial and logistic regression analysis. Compared to BMI 19-24k g/m2, there was an increased risk 

of mortality at the <19 kg/m2 BMI category (RR,1.32: 95% CI,1.28-1.39) while the risk was reduced 

(protective) in the higher categories. The risk dipped at BMI 30-39.9 kg/m2, and it tended to increase at 

the 40-50 kg/m2 BMI group giving a u-shaped effect (figure 4). Compared to using logistic regression, 

(table 4) the risks of mortality were similar to that of binomial regression in all the BMI categories. The 

relationship was statistically significant for  all the categories  (P <.001) 

 

Table 4: Unadjusted estimates of association between BMI categories and mortality   

 Log-binomial regression Logistic regression 

BMIkg/m2 RR (95% CI) P value RR (95% CI) P value 

<19 1.32 (1.28,1.39)  <.001     1.36 (1.32,1.41) <.001     

25-29.9 0.72 (0.69,0.75) <.001     0.70 (0.67,0.73) <.001     

30-34.9 0.48 (0.46, 0.50)    <.001     0.45 (0.44,0.47) <.001     

35-39.9 0.43 (0.42, 0.45) <.001     0.41 (0.39,0.43) <.001     

40-49.9 0.58 (0.56, 0.60)     <.001     0.56 (0.54, 0.57), <.001     

50&above 0.74 (0.71, 0.76)   <.001     0.72 (0.69,0.75) <.001     
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Adjusted analysis: Association between BMI and in hospital mortality  

Adjustment using log-binomial regression failed to converge with all the variables in the model so 

adjustment was done using logistic regression analysis. The confounders were age, sepsis, mechanical 

ventilation and CCI. The adjusted risk of mortality in the BMI categories, race and other exposures are 

displayed in figure 4 and table 5. Compared to BMI category 19-24.9kg/m2, BMI categories 3-7 showed 

protective risks for mortality. The u- shaped effect was maintained (figure 4). Black race showed lower 

risk compared to the white race. There remained a significant relationship with mortality even after 

adjustment in all the BMI categories. (Likelihood Ratio P <.001). 

 

Figure 4: logistic regression analysis showing Risk of mortality in the BMI categories  
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Table 5:Logistic regression estimates of adjusted risk of mortality in AKI hospitalization 

 
Exposures OR/RR 95% CI P value 

BMI kg/m2    

<19 1.285 1.236, 1.335 <.001 

19-24.9 1(ref) . . 

25.0–29.9 0.707 0.672, 0.743 <.001 

30.0–34.9 0.537 0.513, 0.563 <.001 

35–39.9 0.502 0.479, 0.527 <.001 

40-49.9 0.56 0.538, 0.583 <.001 

50& above 0.67 0.639, 0.702 <.001 

Race/ethnicity    

White  1(ref)   

Black  0.82 0.794, 0.847 <.001 

Hispanics 0.922 0.883, 0.963 <.001 

Others  0.993 0.945, 1.044 .792 

Age category(years)    

18–44, 1(ref) . . 

45–64, 1.294 1.231, 1.36 <.001 

65–74, 1.769 1.674, 1.87 <.001 

≥75 2.653 2.509, 2.806 <.001 

Sex     

Male  1(ref) . . 

Female  0.999 0.977, 1.023 .988 

Residential income    
0-25th percentile 1(ref) . . 

26th-50th percentile 1.038 1.008, 1.069 .013 

51st-75th percentile 1.04 1.007, 1.073 .016 

76th-100th percentile 1.11 1.071, 1.151 <.001 

Metro region    

>1 million 1(ref) . . 

<1 million residents 1.1 1.072, 1.13 <.001 

Micropolitan counties 1.148 1.103, 1.195 <.001 

Not metropolitan or micropol 1.21 1.154, 1.269 <.001 

Insurance    

Self-pay/no charge/other 1.453 1.378, 1.532 <.001 

Medicare 1(ref) . . 

Medicaid 1.116 1.069, 1.165 <.001 

Private  1.211 1.169, 1.254 <.001 

Tobacco use 0.784 0.756, 0.813 <.001 

Alcohol abuse 1.32 1.259, 1.383 <.001 

Clinical conditions    

Sepsis 2.381 2.326, 2.437 <.001 

Primary AKI 0.66 0.629, 0.693 <.001 

AMI 1.842 1.776, 1.909 <.001 

Dyslipidemia 0.721 0.704, 0.739 <.001 

Comorbidity index    

<0 1(ref) . . 

0 1.302 1.128, 1.501 <.001 

1-4 1.572 1.424, 1.736 <.001 

>=5 3.294 3.055, 3.552 <.001 

 

Dialysis  2.357 2.261, 2.456 <.001 

Cardiac surgery 0.987 0.926, 1.052 .68 

Mechanical ventilation 8.295 8.098, 8.497 <.001 

Constant 120.01 0  
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Table 6: Adjusted Risk of Mortality in The BMI Categories and each Race Separately 

 RR(CI) White RR(CI) Black RR(CI) Hispanic RR(CI) Others 

Risk of mortality 1.14 (1.11, 1.17) 0.83 (0.80,0.86) 0.97(0.93, 1.01) 1.04 (0.98, 1.09) 

BMI categories     

1. <19 1.28(1.23, 1.33) 1.29(1.24,1.34) 1.28(1.23,1.33) 1.28(1.23,1.33) 

2. 19-24 1 1 1 1 

3. 25-29 0.71(0.67,0.74) 0.71 (0.67,0.74) 0.71(0.67,0.74) 0.71(0.67,0.74) 

4. 30-34 0.54(0.51,0.56) 0.54 (0.51,0.56) 0.54(0.51,0.56) 0.54(0.51,0.56) 

5. 35-39 0.50(0.48,0.53)    0.50 (0.48,0.53) 0.50(0.48,0.53) 0.50(0.48,0.53) 

6. 40-49 0.56(0.54,0.58)    0.56 (0.54,0.58) 0.56(0.54,0.58) 0.56(0.54,0.59) 

7. >50 0.67(0.64,0.70)     0.67 (0.64,0.70) 0.67(0.64,0.70) 0.67(0.64,0.70) 

Adjusted for age sex, zip income, metro region, payer, tobacco use, alcohol, sepsis, primary AKI, AMI, dyslipedemia, cardiac surgery, 

dialysis, mechanical ventilation and CCI 

 

 

Interaction with race/ethnicity 

Analysis between the BMI categories and within each of the race groups were also ran separately and 

interaction within each race group was examined and results are as shown below in table 7.  

In the white race there was significant interaction in the 30-34kg/m2 category. The Wald and LRT were 

both significant (P<.001 and P=0.0083). Meaning mortality occurred differently in the 2 categories. It 

was protective in the 30-34kg/m2 category. Among the Black, Hispanic, and Other races, even though 

there were significant interactions in the 3 races, (Wald’s) the likelihood ratio test were all not significant 

for interaction within these races’ groups. 

 

Table 7 Estimates  of interaction with BMI within each of the race  

 White Black Hispanic Others 

Risk of mortality 1.20 (0.000) 0.80(0.000) 0.99 (0.820) 0.88(0.043) 

BMI kg/m2     

<19 0.97(0.464) 1.01(0.787)     0.93(0.344) 1.20(0.017) *      

19-24 1 1` 1 1 

25-29 1.01(0.902) 1.01(0.909) 0.84 (0.041) *      1.23(0.047) *      

30-34 0.85(0.001) *      1.16(0.023) *     1.04(0.629)       1.28(0.013) *     

35-39 0.93(0.193) 1.05(0.438)      0.98(0.861)      1.18(0.090) 

40-49 0.92(0.055)      1.07(0.184)      0.99(0.923)      1.24(0.013) * 

>50 0.99(0.795)      0.97(0.597)      1.09(0.317) 1.17(0.133) 

LRT   0.0083 0.0950  0.1070  0.1460 

Adjusted for age sex, zip income, metro region, payer, tobacco use, alcohol, sepsis, primary AKI, AMI, dyslipedemia, cardiac surgery, 

dialysis, mechanical ventilation and CCI 

*p<0.05- significant interaction 

LRT likely hood ratio test 
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Results of analyses to assess the presence of interaction of BMI with race/ethnicity with the BMI 

group 19-24kg/m2 and white race set as the reference are presented. Table 8 displays the adjusted 

estimates, of the single effects of the BMI categories, race/ethnicity and their interaction effect.  There 

was significant interaction in 4 out of 18 tests (Wald’s statistics). Significant interaction was observed in 

the <19 kg/m2 /Other race group (P=0.021), 30-34.9 kg/m2 /black race group (P=0.007), 30-34.9 

kg/m2/other race group (P=0.005) and 40-49.9 kg/m2/other race group (P=0.008). The likelihood ratio test 

of the model was also significant for interaction (P= 0.018). Mortality occurred differently for black race 

and for other race compared to white race at the specified BMI categories.  
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Table 8:Logistic regression estimates of interaction between BMI and race/ethnicity on the risk of 

mortality  

Exposure  Cases  Estimate(RR)* 95% CI P-value 

Risk representing single effects 

BMI kg/m2 

 <19 87,757        1.27 1.212-1.329 <.001 

19-24 64,557         1(ref) 
 

 

25-29 51,076         0.71 0.667-0.751 <.001 

30-34 103,853        0.51 0.483-0.539 <.001 

35-39 103,937        0.49 0.464-0.518 <.001 

40-49 186,821        0.54 0.519-0.570 <.001 

>50 81,231        0.66 0.626-0.698 <.001 

Race/Ethnicity 

White 440,336 1(ref) 
 

 

Black 131,212        0.78 0.715-0.851 <.001 

Hispanic 51,355         0.92 0.828-1.029 0.149 

Other 28,914         0.84 0.741-0.947 0.005 

Risk representing joint effects 

19-24.9 white 41,462  1(ref)   

<19 and black 18,169        1.03 0.923-1.141 0.626 

<19 and Hispanic 5,233        0.94 0.816-1.093 0.441 

<19 and other 5,791  1.19 1.027-1.389 0.021** 

25-29.9 Black 5,495        1.00 0.868-1.161 0.959 

25-29.9 Hispanic 8,803        0.85 0.713-1.011 0.066 

25-29.9 other 2,658  1.21 0.986-1.486 0.068 

30-34.9 black 18,244        1.19 1.049-1.356 0.007** 

30-34.9 Hispanic 9,753        1.09 0.933-1.275 0.277 

30-34.9 other 4,338  1.33 1.090-1.616 0.005** 

35-39.9 black 19,484        1.07 0.939-1.220 0.310 

35-39.9 Hispanic 8,612        1.01 0.855-1.193 0.907 

35-39.9 other 3,754  1.21 0.983-1.496 0.072 

40-49.9 black 36,877       1.09 0.986-1.221 0.090 

40-49.9 Hispanic 11,922        1.02 0.885-1.180 0.766 

40-49.9 other 5,774  1.27 1.065-1.505 0.008** 

50&above black 18,145        0.99 0.879-1.116 0.877 

50&above Hispanic 4,869        1.09 0.920-1.284 0.329 

50&above other 2,539  1.17 0.948-1.447 0.143 
*Adjusted for age sex, zip income, metro region, payer, tobacco use, alcohol, sepsis, primary AKI, AMI, cardiac surgery, dialysis, 

mechanical ventilation and CCI 

** significant interaction   

LRT P=0.018 

 

PROBING INTERACTIONS 

Assessing interaction using margins predictions and graphing: 

The significant interactions were in the <19kg/m2 and others race, 30-34.9 kg/m2 and black, 30-

34.9 kg/m2 and other race, 40-49.9 kgm2 and other race, groups. These were all compared to the 19-24.9 

kgm2 and white groups (table 8). The interactions were plotted and displayed in the predictive margins’ 

graphs below. (figure 5) 
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Figure 5: Margins plot of significant interaction between BMI and race/ethnicity on the risk of 

mortality   

 

 

Assessing interaction on a multiplicative scale. 

Table 9 shows the interaction effects on a multiplicative scale. There was positive interaction in all the 

groups as the observed effects were all more than the expected effects.  

Table 9: Risk of mortality on a multiplicative scale 

Measures of interaction on multiplicative scale  

BMI kg/m2/race Expected risk Observed risk Interaction present* 

<19 other 1.27x0.84=1.067 1.19 1.15(positive) 

30-34.9 black 0.51x0.78=0.397 1.19 2.97(positive) 

30-34.9 other 0.51x0.84=0.428 1.33 3.11(positive) 

40-49.9 other 0.54x0.84=0.454 1.27 2.8 (positive) 

*RR A+B+/RRA+B_*RRA_B+ > 1, multiplicative interaction is positive and if <1 is negative interaction. 
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Assessing interaction on an additive scale 

Subgroup analysis was employed for assessing the significant interactions on an additive scale and the 

results are displayed below. 

Subgroup 1:  

The interaction between BMI <19 kg/m2/other race compared to BMI 19-24 kg/m2/ white race was 

assessed with results as shown in table 10. 

 

Table 10: Estimates of interaction between BMI 19-24.9kg/m2 /White race Vs <19kg/m2 Other race, 

and measures of their additive interaction. 

Exposure  Cases Estimate (RR)* 95% CI P-value 

Risk representing single effects 

<19 kg/m2 61,262 1.28 1.227-1.344 <.001 

19-24 kg/m2 45,522 1(ref)   

Other 96,933 0.85 0.758-0.964 0.010 

White  9,851 1(ref)   

Risk representing joint effect 

<19*other  1.18 1.015-1.363 0.030 

RERI calculation estimates when reference set at lower risk factor † 

<19kg/m2 61,262 1.51 1.313-1.737 <.001 

19-24.9 kg/m2 45,522 1(ref)   

White 96,933 1.17 1.038-1.319 0.010 

Other 9,851 1(ref)   

<19kg/m2/ 

White* 

5,791 0.85 0.734-0.984 0.030 

19-24 kg/m2 

/Other*    

 1(ref)   

Measures of additive interaction 

Measure Value  95%CI SE 

RERI -0.83 -1.283, -0.378 0.231 

AP -0.98 -1.649, -0.304 0.343 

AP 2  0.48   

SI -0.22 - - 
*Adjusted for age sex, zip income, metro region, payer, tobacco use, alcohol abuse, sepsis, primary AKI, AMI, cardiac surgery, 

dialysis, mechanical ventilation and CCI 

Likelihood Ratio Test, P =    0.0296 
† use when risk factors are protective 

 

 

The relative excess risk due to interaction on an additive scale was -0.83 (95%CI: -1.283, -0.378), 

meaning that the combined effect is -0.83 less than the sum of the individual effects of BMI and race. (17 

% risk reduction If < 19 and white). The  attributable proportion that is due to interaction with both 

exposures was  -0.98 and the AP 2 was 48% meaning that 48 % of the individuals in the joint group i.e. 

(<19 and white) that would have died if there was no interaction are alive or 92 % more individuals 

would have died if there was no interaction (0.48/1−0.48). The synergy index (SI) is below 1 indicating 
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negative interaction, while the relative excess risk due to interaction and the proportion attributable to the 

interaction are both less than 0 also indicating negative interaction. The RERI, AP and SI gave consistent 

results as they all indicated negative or sub additive interaction on the additive scale.   

 

Subgroup 2 

Table 11:Estimates of interaction between BMI 19-24.9kg/m2/White race Vs 30-34.9 kg/m2 /black 

race, and measures of their additive interaction.  

Exposure Cases Estimate (RR)* 95% CI P-value 

Risk representing single effect 

30-34.9 kg/m2 52,952 0.50 0.469-0.526 <.001 

19-24.9 kg/m2 85,712 1   

Black 29,734 0.77 0.700-0.838 <.001 

White 108,930 1   

Risk representing Joint effect 

30-34* black 18,244 1.20 1.054-1.364 0.006 

19-24.9 *white 41,462 1   

Estimates when reference set at lower risk† 

19-24.9 85,712 1.68 1.491-1.889 <.001 

30-34.9 52,952 1   

white 108,930 1.09 0.987-1.20 0.091 

black 29,734 1   

19-24.9*white 41,462 1.20 1.054-1.364 0.006 

30-34* black 18,244 1   

Measures of additive interaction 

Measure Value 95%Cl SE 

RERI -0.57 -0.992, -0.142 0.217 

AP -0.475 -0.886, -0.0597 0.211 

AP 2 0.32   

S 0.259 0.085, 0.7948 0.570 
*Adjusted for age sex, zip income, metro region, payer, tobacco use, alcohol, sepsis, primary AKI, AMI, cardiac surgery, dialysis, 

mechanical ventilation and CCI 

Likelihood Ratio Test, P = 0.0058 
† use when risk factors are protective 

 

For subgroup 2, (table 11) The RERI, AP and SI also gave consistent results as they all indicated negative 

or sub-additive interaction on the additive scale. The AP-2 was 0.32 meaning that 32 % of the individuals 

in the joint group (i.e., 19-24.9/white) that would have died if there was no interaction are alive or 

(0.32/1−0.322) 47% more individuals would have died if there was no interaction. 
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Subgroup 3 

For subgroup 3, (table 12) The RERI, AP and SI all indicated negative or sub-additive interaction. The AP-

2 was -0.64 meaning that 64 % of the individuals in the joint group (i.e., 19-24.9/white) that would have 

died if there was no interaction are alive or (0.64 /1−0.64) 178% more individuals would have died if 

there was no interaction. 

 

Table 12: Estimates of interaction between BMI 19-24.9kg/m2 /White race Vs 30-34.9 kg/m2 /Other 

race, and measures of their additive interaction.  

Exposure  Cases  Estimate(RR)* 95% CI P-value 

Risk representing single effects 

30-34.9 kg/m2 71,806 0.51  0.477-0.535  <.001     

19-24.9 kg/m2 45,522 1   

White 108,930       1   

Other  8,398 0.83   0.734-0.940 0.003      

Risk representing Joint effect 

30-34* Other  4,338 1.33  1.095-1.623 0.004      

19-24.9* White 41,462 1   

Estimates when reference set at lower risk† 

19-24  1.98    1.870-2.095 <.001     

30-34  1   

White   1.11    0.949, -1.294 0.194      

Other   1   

19-24.9* White  0.75  0.616, 0.913 0.004      

30-34* Other  1   

Measures of additive interaction 

Measure  Value   95% Cl SE 

RERI -1.34 -1.682, -0.993 0.176 

AP -1.79 -2.574, -0.994 0.403 

AP 2  0.64   

S -0.23 - - 
*Adjusted for age sex, zip income, metro region, payer, tobacco use, alcohol, sepsis, primary AKI, AMI, cardiac surgery, dialysis, 

mechanical ventilation and CCI 

Likelihood Ratio Test, P = 0.0044 
† use when risk factors are protective 
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Subgroup 4 

The RERI, AP and SI for sub-group 4 all indicated negative or sub-additive interaction. (table 13) The 

AP-2 was -0.58 meaning that 58 % of the individuals in the joint group (i.e., 19-24.9/white) that would 

have died if there was no interaction are alive or (0.58 /1−0.58) 138% more individuals would have died 

if there was no interaction. 

 

Table 13: Estimates of interaction between BMI 19-24.9kg/m2 White race Vs 40-49.9 kg/m2 / other 

race group and measures of their additive interaction.  

Exposure Cases  Estimate(RR)* 95% CI P-value 

Risk representing single effects 

40-49.9 kg/m2 129,539 0.55    0.522-0.578 <.001      

19-24.9 kg/m2 45,522 1   

White 165,227 0.84     0.741-0.946 0.004      

Other  9,834 1   

Risk representing joint effect 

40-49.9*Other 5,774 1.26     1.065-1.502 0.008      

19-24.9*White 41,462       1   

Estimates when reference set at lower risk† 

19-24.9 45,522 1.82    1.731-1.915 <.001      

40-49.9 129,539 1   

Other  9,834 1.06   0.937-1.196 0.362      

White 165,227 1   

19-24.9* Other 5,774 0 .79  0.666-0.939 0.008      

40-49.9 White 41,462       1   

Measures of additive interaction 

Measures  Value  95% CI SE 

RERI -1.09 -1.365, -0.811 0.141 

AP -1.38 -1.948, -0.804 0.291 

AP 2 0.58   

S 0.24 - - 
*Adjusted for age sex, zip income, metro region, payer, tobacco use, alcohol, sepsis, primary AKI, AMI, cardiac surgery, dialysis, 

mechanical ventilation and CCI 

Likelihood Ratio Test, P = 0.0076 
† use when risk factors are protective 
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AIM 2: RESULTS 

The aim is to determine the Length of hospital stay LOS for each BMI group, conducting comparative 

analysis between the groups. Analysis was performed on 675,210 hospitalizations with minimum in-

patient stay of one night.  

Descriptive statistics of LOS: 

Figure 6 shows the test of normality for LOS variable. The magnitude of skewness was 7.05 with 

Kurtosis of 124.06. LOS was highly right skewed thus non-normally distributed. The  results of the 

analysis were thus described as the median and 25th and 75th percentile values, interquartile range (IQR). 

 

Figure 6: Histogram of distribution of LOS in AKI hospitalizations  

 

 

The overall Mean and standard deviation were 7.96 ± 8.84 days, and the Median was 6 days with 

IQR (3,10), spanning minimum 1 and maximum (356) days maximum. Table 1 and 1b display the mean 

and median of the LOS for the hospitalization in the exposures. There was a tendency of a higher median 

LOS for the BMI groups < 19 kg/m2, 40-49.9 & >50 kg/m2 compared to the other BMI groups. There 

were significant differences observed in the distribution of the median LOS for all the exposures. 

However, the equality of medians test was not significant for sex (P=0.621) and for hospital ownership (P 

=0.594). Dunn's Pairwise Comparison with Bonferroni correction were significant between all the BMI 

categories except for between <19 and 19-24kg/m2 (P=1.00).  The median LOS was significantly longer 
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in hospitalizations with dialysis 12 (7,20) days, sepsis 8 (4,13) days, mechanical ventilation 10 (5,17) 

days.              

Table 14: Mean and Median length of hospital stays in all AKI hospitalization                 

Exposure  Number  Mean (SD) Median LOS (IQR P value Equality-of-

medians test 

BMI kg/m2      

<19 87,189 8.92 (11.09)           6 (4,10) (1,289) <.001** <.001 

19-24.9 64,179 8.56 (9.07) 6 (4,10) (1,266)   

25-29.9 50,822 8.18 (8.60)           6 (3-10) (1,230)   

30-34.9 103,252 7.11 (7.45)          5 (3,9) (1,274)   

35-39.9 103,189 6.89 (6.89)           5 (3,8) (1,202)   

40-49.9 185,825 7.97 (8.54) 6 (3,10) (1,289)   

50&above 80,754 8.81(10.24)           6 (4,10) (1,273)   

Age cat (years)      

18–44, 56,487 8.68(11.73) 5 (3,10) (1,235) <.001** <.001 

45–64, 241,604 8.24(9.86) 5 (3,10) (1,304)   

65–74, 179,678 7.91(8.16) 6 (3,10) (1,304)   

≥75 197,417 7.49(6.93) 6 (3,9) (1,271)   

Sex      <.001* 0.621 

Male    322,233 8.09(9.23) 6 (3,10) (1,314)   

Female  352,834 7.85(8.46) 6 (3,9) (326)   

Race/ethnicity    <.001** <.001 

White  437,649 7.78(8.33) 6 (3,9) (1,326)   

Black  130,566 8.29(9.62) 6 (3,10) (1,301)   

Hispanics 51,036 8.17(9.79) 6 (3,10) (1,246)   

Others  28,744 8.93(10.67) 6 (3,11) (1,235)   

Residential income       

0-25th percentile      222,731 8.09(8.93) 6 (3,10) (1,277) <.001** <.001 

26th-50th percentile 178,198 7.81(8.57) 5 (3,9) (1,326)   

51st-75th percentile 153,825 7.83(8.66) 5 (3,9) (1,266)   

76th-100th percentile 108,764 8.09(9.01) 5 (3,10) (1,289)   

Insurance    <.001** <.001 

Medicare 432,921 7.73(7.81) 6 (3.9) (1,335)   

Medicaid  82,891 9.14(12.18) 6 (3,10) (1,274)   

private(ref. group)  123,061 7.99(8.18) 5 (3,9) (1,258)   

self-pay/no charge/other 35,658 8.11 (9.84) 5 (3,10) (1,198)   

Metro region      

>=1 million pop 358,824 8.14(9.19) 6 (3,9) (1,301) <.001** <.001 

<1million pop      204,830 7.82(8.53) 6 (3,9) (1,314)   

Micropolitan counties      65,141 7.53(7.99) 5 (3,9) (1,212)   

Not metro or micropolitan       44,122 7.76(8.05) 5 (3,9) (1,163)   

Tobacco use:       

Yes  91,814 7.57 (8.45)                     6 (3,9) (1,249) <.001* <.001 

No  583,396 8.03 (8.90)                     6 (3,10) (1,335)   

Alcohol abuse 34,217     

Clinical conditions      

Primary AKI 84,872 5.37 (5.32) 4 (3,6) (1,202) <.001* <.001 

Secondary AKI 590,338 8.34 (9.18)          6 (3,10) (1,335)   

Sepsis 159,597 10.96 (12.19)                      8 (4,13) (1,335) <.001* <.001 

No  515,613 7.04 (7.26)                     5 (3,9) (1,301)   

AMI 37,681 9.28 (9.33) 7 (4,12) (1,185) <.001* <.001 

No  637,529 7.89 (8.81) 6 (3,9) (1,185)   

Dyslipidemia 286,870 7.11 (6.85)                    5 (3,9) (1,230) <.001* <.001 

No  388,340 8.60 (10.02) 6 (3,10) (1,335)   

Comorbidity index      

<0 71,055 5.79 (6.46) 4 (3,7) (1,205) <.001** <.001 

0 19,356 5.78 (6.04)  4 (3,7) (1,117)   

1-4 47,395 6.45 (6.79) 5 (3,8) (1,202)   

>=5 537,404 8.47 (9.28) 6 (4,10) (1,335)   

Dialysis: Yes  20,689 15.58 (13.88) 12 (7,20) (1,185) <.001* <.001 

No  654,521 7.73 (8.53) 5 (3,9) (1,335)   

Mechanical ventilation 93,231 13.72 (14.23) 10 (5,17) (1,304) <.001* <.001 

No  581,979 7.05 (7.22) 5 (3,9) (1,335)   

Cardiac surgery 21,000 7.85 (8.57)                       5 (3,9) (1,146) .0014 <.001 

No  654,210 7.97 (8.85)                        6 (3,10) (1,335)   
* Mann Whitney U, **Kruskal Wallis  
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Table 14b 1: Length of Stay in Hospital Characteristics 

Hospital  Characteristics  Number  Mean (SD) Median los IQR P value equality-of 

medians test 

Location/teach status:      

Rural  53,819 6.09(5.52) 5(3,7) (1,111) <.001** <.001 

Urban nonteaching 187,963 7.25(7.42) 5(3,9) (1,299)   

Urban teaching 433,428 8.51(9.65) 5(3,10) (1,335)   

Hospital control:      

Govt non-federal, 70,325 7.99(9.05) 6(3,10) (1,252) <.001** 0.594 

Private, not profit, 505,345 7.96(8.82) 6(3,10) (1,335)   

Private, invest-own 99,540 7.97(8.8) 6(3,10) (1,280)   

bed-size:      

Small  116,908 6.90(7.19) 5(3,8) (1,217) <.001** <.001 

Medium  195,566 7.55(8.24) 5(3,9) (1,295)   

Large  362,736   8.54(9.57 6(3,10) (1,335)   
* Mann Whitney U, **Kruskal Wallis  

 

Table 15 shows the unadjusted regression coefficients of the relationship between BMI and 

race/ethnicity with LOS. Category < 19kg/m2 spent the most days in the hospital (β: 0.04, 95% CI: 0.03, 

0.05). (i.e for every 1unit change in BMI the value of LOS increased by 0.04 units). The number of days 

spent in the hospital decreased with increasing BMI and then an attenuation of effect was observed in the 

highest BMI category (β: 0.03, 95% CI: 0.02, 0.04). BMI 25-29.9 kg/m2 patients spent an average of 0.04 

days less (β: -0.04, 95% CI: -0.06, -0.03), BMI 30 to 39.9kg/m2 spent an average of 0.18 days less in the 

hospital compared with 19-24.9kg/m2 patients. Blacks (β: 0.06, 95% CI: 0.06,  0.07), Hispanics (β: 0.05, 

95% CI: 0.04, 0.06), and other races (β: 0.14, 95% CI: 0.12, 0.15) experienced longer hospital stays 

compared with Whites.  

 

Table 15: Generalized linear model of unadjusted estimates of the BMI and Race/ethnicity on 

hospital length of stay  

 
Exposure Number  β coefficient SE 95%CI P value 

BMI kg/m2      

<19 87,189 0.04    0.0056      0.03-0.05 <.001 

19-24.9 64,179 0 ref    

25-29.9 50,822 -0.04   0.0065     -0.06, -0.03 <.001 

30-34.9 103,252 -0.18    0.0055    -0.20, -0.17 <.001 

35-39.9 103,189 -0.22    0.0055    -0.23, 0.21 <.001 

40-49.9 185,825 -0.07    0.0049    -0.08, -0.06 <.001 

50&above 80,754 0.03   0.0058       0.02, 0.04 <.001 

Race/ ethnicity      

White  437,649 0 ref    

Black  130,566 0.06    0.0034     0.06, 0.07 <.001 

Hispanics 51,036 0.05    0.0051      0.04, 0.06 <.001 

Others  28,744 0.14    0.0067     0.12, 0.15 <.001 
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Table 16 displays the adjusted coefficients for the relationship between LOS and the BMI categories.  

The size and direction of the relationship suggests that LOS in the hospital was decreased for the patients 

with higher BMI than for the reference BMI (19-24.9 kg/m2). The LOS for the BMI <19 kg/m2 group was 

still increased even though the coefficient had reduced after adjustment. The effect on the >50 and above 

kg/m2 BMI group decreased from 0.03 in the unadjusted model to – 0.03.  The coefficients were 0.024, -

0.045, -0.148, -0.175, -0.091, and -0.038 from lowest to highest BMI groups. These relationships were 

still statistically significant even after adjustment. LRT (P<.001). The following factors were found to 

significantly affect LOS in BMI categories, race/ ethnicity, age, metropolitan region, payer, clinical 

conditions and all procedures. Among the races, Blacks (β: 0.023, 95% CI: 0.017, 0.029), and other races 

(β: 0.045, 95% CI: 0.034, 0.056) experienced longer hospital stays compared with Whites and Hispanics. 

The stays for the Black and Other race were significantly more than the stays for White and Hispanic 

races.  
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Table 16: Generalized linear model of adjusted coefficients of the relationship between BMI and 

hospital length of stay  

Exposure    Numbers  β Coefficient  SE  95% CI  P value 

BMI kg/m2      

<19 87,189        0.024 0.005 0.014, 0.034 <.001 

19-24.9 64,179         0 . . . 

25-29.9 50,822         -0.045 0.006 -0.056, -0.034 <.001 

30-34.9 103,252        -0.148 0.005 -0.158, -0.139 <.001 

35-39.9 103,189        -0.175 0.005 -0.184, -0.165 <.001 

40-49.9 185,825        -0.091 0.005 -0.1, -0.082 <.001 

50&above 80,754        -0.038 0.005 -0.049, -0.028 <.001 

Race/ethnicity      

White  437,649 0 .  . 

Black  130,566        0.023 0.003 0.017, 0.029 <.001 

Hispanics 51,036         -0.004 0.005 -0.013, 0.005 .38 

Others  28,744         0.045 0.006 0.034, 0.056 <.001 

Age category      

18–44, 56,487         0 . . . 

45–64, 241,604        0.008 0.005 -0.001, 0.017 .094 

65–74, 179,678        0.009 0.005 -0.001, 0.019 .088 

≥75 197,417        -0.029 0.005 -0.04, -0.019 <.001 

Sex       

Male   322,233 0 . . . 

Female  352,834 0.003 0.002 -0.002, 0.007 .294 

Metro region      

>=1 million pop 358,824 0 . . . 

<1million pop      204,830 -0.016 0.003 -0.021, -0.01 <.001 

Micropolitan counties      65,141 0.056 0.005 0.046, 0.067 <.001 

Not metro or micropolitan       44,122 0.041 0.006 0.03, 0.051 <.001 

Insurance       

Self-pay/other 35,658 0.021 0.006 0.01, 0.032 <.001 

Medicare 432,921 0 . . . 

Medicaid 82,891 0.085 0.004 0.077, 0.094 <.001 

Private  123,061 -0.006 0.004 -0.013, 0.001 .12 

Residential income      

0-25th percentile      222,731 0 . . . 

26th-50th percentile 178,198 -0.007 0.003 -0.013, -0.001 .029 

51st-75th percentile 153,825 -0.012 0.003 -0.018, -0.005 <.001 

76th-100th percentile 108,764 0.013 0.004 0.006, 0.021 <.001 

Tobacco use: 91,814 -0.098 0.004 -0.105, -0.091 <.001 

Alcohol abuse 34,010 0.055 0.006 0.044, 0.066 <.001 

Dialysis  20,689 0.509 0.007 0.495, 0.522 <.001 

Mechanical ventilation 93,231 0.499 0.004 0.492, 0.507 <.001 

Clinical condition      

Sepsis 159,597 0.26 0.003 0.254, 0.266 <.001 

AMI 37,681 0.055 0.005 0.045, 0.065 <.001 

Primary AKI 84,872 -0.309 0.004 -0.316, -0.302 <.001 

CCI <0 71,055 0 . . . 

0 19,356 0.009 0.008 -0.006, 0.024 .249 

1-4 47,395 0.082 0.006 0.071, 0.093 <.001 

>=5 537,404 0.267 0.004 0.259, 0.275 <.001 

Non-survivors  42,246 -0.219 0.005 -0.229, -0.209 <.001 

Hospital characteristics      

Rural  53,819 -0.342 0.006 -0.353, -0.33 <.001 

urban nonteaching 187,963 -0.134 0.003 -0.139, -0.129 <.001 

urban teaching. 433,428 0    

small 116,908 -0.206 0.003 -0.212, -0.199 <.001 

medium 195,566 -0.117 0.003 -0.122, -0.112 <.001 

large 362,736 0 . . . 

Constant  0.834 0.014 0.806, 0.862 <.001 
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To  explain the model further a worked example is provided for the effects of some variable on LOS.  

The equation for the model is as expressed below: 

Yi   = β0 + β1X1 (BMI group)  + β2X2(race) + β3X3(sex) + β4X4(age) + β5X5(income)…… βiXi +e 

(=0.834 + 0.024*1+0.023+ 0.003+ -0.029+0.013+0.085+0.509+0.267=1.729) 

The  example, is based on average characteristics of an individual who is <19kg/m2 , is a 76 year old 

female, is of black race, lives in 4th income percentile, with Medicaid as payer, has dialysis and has 5 

comorbidities.  The individual will therefore spend an extra 2 days compared to the 19-24kg/m2 who is 

male, white, in first income group, Medicare payer, had no dialysis, and has no comorbidities. 

 

Interaction with race/ethnicity 

Results of interaction of BMI with race/ethnicity on length of hospital stay are presented below. 

The BMI group 19-24kg/m2 and white race was set as the reference. Table 17 displays the adjusted 

estimates, of the single effects of both exposures and their interaction effect.  Significant interaction 

occurred in 10 out of 18 tests (Wald’s statistics). The likelihood ratio test of the model was also 

significant for interaction (P< .001). The length of hospital stays occurred differently for Hispanic race, 

Black race and for other race compared to white race at the observed BMI categories. Figure 7 shows the 

margins predictive plots of the significant interactions at the selected BMI groups compared to the 

reference group
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Table 17: Generalized linear models showing coefficients of BMI, race/ethnicity and their 

interaction effect on hospital length of stay  

Exposure  Numbers   β Coefficient* 95% CI  P value 

BMI kg/m2 

<19 87,189        0.018 0.006,0.03 0.003 

19-24.9 64,179         0 . . 

25-29.9 50,822         -0.033 -0.046, -0.019 <.001 

30-34.9 103,252        -0.138 -0.015, -0.127 <.001 

35-39.9 103,189        -0.161 -0.0172, -0.149 <.001 

40-49.9 185,825        -0.073 -0.084, -0.062 <.001 

50&above 80,754        -0.018 -0.031, -0.006 0.005 

Race/ethnicity 

white 437,649 0 . . 

black 130,566        0.058 0.038,0.078 <.001 

Hispanics 51,036         0.02 -0.007,0.047 0.147 

Others  28,744         0.086 0.056,0.117 <.001 

Joint effects 

19-24.9 *white 41,204      0 . . 

<19 *black 18,077       0.008 -0.017,0.033 0.529 

<19* Hispanic  5,198       0.044 0.006,0.082 0.023* 

<19 *other 5,761 0.005 -0.035,0.045 0.812 

25-29.9*white 32,288       0 . . 

25-29.9*black 8,772       -0.027 -0.057,0.002 0.072 

25-29.9*Hispanic 5,460       -0.044 -0.082, -0.006 0.023* 

25-29.9*other 2,644 -0.045 -0.094,0.003 0.068 
30-34.9*white 67,080      0 . . 

30-34.9*black 18,152       -0.027 -0.052, -0.002 0.037* 

30-34.9* Hispanic 9,687       -0.026 -0.06,0.007 0.127 

30-34.9*other 4,315 -0.04 -0.082,0.002 0.063 

35-39.9*white 67,402      0 . . 

35-39.9*black 19,354       -0.032 -0.056, -0.007 0.012* 

35-39.9* Hispanic 8,563       -0.05 -0.084, -0.016 0.004* 

35-39.9*other 3,728 -0.071 -0.115, -0.028 0.001* 

40-49.9*white 123,102      0 . . 

40-49.9*black 36,704      -0.06 -0.083, -0.038 <.001* 

40-49.9* Hispanic 11,850       -0.029 -0.061,0.003 0.081 

40-49.9*other 5,736 -0.078 -0.118, -0.038 <.001* 

50&above*white 51,489      0 . . 

50&above*black 18,069       -0.067 -0.092, -0.042 <.001* 

50&above* Hispanic 4,840       -0.038 -0.077,0.001 0.054 

50&above*other 2,523 -0.059 -0.108, -0.01 0.019* 

Constant  0.278 0.247,0.309 <.001 
*Adjusted for age sex, zip income, metro region, payer, tobacco use, alcohol, sepsis, primary AKI, AMI, cardiac surgery, dialysis, mechanical 

ventilation, non-survivors, CCI, hospital bed size, and hospital location/teaching status 

** Significant interaction  

Likelihood Ratio Test, P = <.001 
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Figure 7: Marginal plots of the significant interactions of BMI and race on LOS  
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AIM 3: RESULTS 

Total sample analyzed was 667,896 hospitalizations, missing data was 11,860/679,756. (2%) 

Total distribution of hospital charges was highly right skewed: 9.20. Overall mean cost and standard 

deviation were 19,759.32 ± (29,070.46) USD. The median (IQR) cost was 11,607.04(6,656.16, 21,849.17), 

with smallest at 19,592 and largest 2,050,000 USD  

 

figure 8 : Histogram of distribution of total hospital cost in AKI hospitalizations 

 

 

Mean/Median of hospital cost  

Table 18 and 18b show the mean and median distribution of the hospitalization costs. The BMI 

group >50 kg/m2 had the highest median cost of 12,643.97 (7253.18-23,630.4) USD. There  were 

significant differences in the distribution among all the BMI groups. (P<.001) Pairwise post-hoc Dunn 

test with Bonferroni adjustments was significant for differences within the BMI categories for all the 

groups (P<.001) except for between categories 19-24.9 kg/m2 and 25-29.9 kg/m2 (P=0.2037) and between 

categories 30-34.9 kg/m2 and < 19 kg/m2 (P=1). Males had significantly higher cost of care than females 

(P<.001). For race/ethnicity, Other race group had significantly higher median cost than Whites, Blacks 

or Hispanics, at 14,175.67 (IQR,7882.59,27672.06) USD (P<.001). Residents in the lowest income group 

(76th-100th percentile) were observed to have the highest cost compared to the residents in the reference 

group (P<.001).  The Medicaid insurance group incurred more cost than the other payers’ groups 
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(P<.001). The median cost of primary AKI hospitalizations was significantly less than that of their 

counterparts (P<.001). Hospitalizations with sepsis, acute myocardial infarction, greater than 6 chronic 

comorbidities, dialysis use, mechanical ventilation, cardiac surgery had the highest median hospital cost. 

The median cost at the hospital level was significantly higher for the urban teaching, government owned 

and for large bed size hospitals (P<.001). (table 1b) 
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Table 18: Mean and Median of hospital cost in all AKI hospitalization  

Exposure  Number  Mean (SD) Median  IQR P value 

BMI kg/m2      

<19 86,426 19865.88 (33899.23) 11232.04 6496.51, 21011.17        <.001** 

19-24.9 63,388 19172.1 (26465.89) 11516.22                       6701.25, 21346.06            

25-29.9 50,183 19845.67 (27660.9) 11634.84 6610.24, 22134.84                  

30-34.9 102,013 18708.25 (25348) 11189.39 6400.63, 21205.86         

35-39.9 102,088 18034.11 (23736.59) 11033.48                       6383.36, 20501.89                

40-49.9 183,776 20637.42 (30885.69) 11938.48                       6806.96, 22669.02                    

50&above 80,754 21587.1 (32225.33) 12643.97 7253.18, 23630.4                  

Age category. (years)      

18–44, 56,170 23751.42 (46042.55) 11154.33 6060.67, 23444.05 <.001** 

45–64, 239,148 21210.51 (31738.81) 12000.91 6718.69, 23287.96  

65–74, 177,595 19983.89 (26366.81) 12178.03                       6967.94, 22810.74  

≥75 194,955 16624.07 (19956.94) 10854.60 6505.04, 19188.42  

Sex        

male  318,943 20968.11 (31716.9) 11931.56 6705.33, 23115.4                   <.001* 

female 348,814 18652.77 (26363.0) 11327.45                       6614.43, 20805.6  

Race/ ethnicity      

White  434,558 19244.41 (27413.81) 11489.02 6608.95, 21467.28         <.001** 

Black  128,194 18945.24 (29043.9) 10947.06 6319.94,20675.53  

Hispanics 49924 21815.3 (32967 .36) 12558.55  7213.01, 23663.15   

Others  28,029  25304.55 (400 42 .16)  14175.67  7882.59, 27672.06  

Residential income       

0-25th percentile      220,758 18617.2 (27222.55) 10942.5                       6317.82, 20655.28          <.001** 

26th-50th percentile 177,335 18908.74 (26677.53) 11241.84                       6470.63, 21074.83           

51st-75th percentile 151,954 20244.62 ( 30195.47) 11907.78 6820.92, 22288.5  

76th-100th percentile 106,210 22628.11 (33984.21) 13195.6                       7540.09, 24787.0  

Insurance      

Medicare 427,899 18422.51 (24743.5) 11416.86 6680.49, 20893.48 <.001** 

Medicaid  82,256 23046.67 (37474.52) 12279.19 6807.92, 24502.73  

private  121,192 22238.02 (35509.65) 12102.01                       6638.29, 23970.01  

self-pay/no charge/other 35,862 19801.15 (29527.83) 11018.01 6118.24, 21879.57  

Metro region      

>=1 million pop 351,979 20814.51(31009.1) 12177.2 6986.42, 22843.48 <.001** 

<1million pop      203,905 18486.01 (27077.24) 10904.67 6286.24, 20480.05           

Micropolitan counties      65,449 18336.91 (25106.8) 11012.41 6349.23, 20708  

Not metro or micropol        44,224 18928.24 (26340.13) 11232.37 6366.45, 21423.35  

Tobacco use: Yes  91,236 19020.52 (25462.38)  11328.44  6433.88, 21672.1 <.001* 

No  576, 660  19876.2 (29599.3) 11647.9  6693.62, 21874.29   

Alcohol  32,494 23102.48 (31372.16)  13392.48  7432.08, 26387.46  <.001* 

No  635, 402  19588.35 (28937.48)  11524.56  6622.91, 21637.2   

Clinical conditions      

Primary AKI 84093  9530.40 (10738)  6768.74  4393.87, 10931.19  <.001* 

Secondary AKI 583802  21232.73 (30544.57)  12649.75  7254.94, 23643.73   

Sepsis 157, 192  29452.55 42285.78  17225.87  9668.38, 3290.23  <.001* 

No  510,704 16775.79 (22738.16)  10339.73                       6105.55, 18868.8   

AMI 37,338 30366.54 35005.83  20044.94  11253.79, 37210.41  <.001* 

No  630,558 19131 .22-(28557.25)  11254.33  6516.03, 21002.52   

No of chronic dx†       

0 3,825 18764.13 (33986.75) 9523.193 5339.59, 18096.19 <.001** 

1 23,178 18938.82 (37813.28) 9934.579 5581.82, 19342.09  

2-5 461,654 18883.36 (28606.97) 10958.29 6322.10, 20674.7          

>=6 179,239 22142.8 (28704.82) 13614.75                       7933.5, 25131.87                  

Dialysis: Yes  20,344 50835.12 (59193.03)  32467.34 17722.68, 61599.68  <.001* 

No  647,552 18783.01 (27023.62)  11310.88  6552.75, 20973.47   

Mechanical ventilation 92,729 45114.93 (53456.69)  29619.54  16264.13, 54359.2  <.001* 

No  575,167 15671.46 (20006.84)  10322.56  6182.87, 18146.21   

 cardiac surgery 20,776 42994.79 (48873.81)   29415.4  17106.67, 50700.4  <.001* 

No  647,120 19013.33 (27886.36) 11293.89  6539.18, 21009.76   

Non survivor 42,900 33781.08 (48196.73) 19795.25 9855.656, 39787.29 <.001* 

No  624,475 18793.51 (26983.15) 11267.8 6541.164, 20876.75  
† number of Elixhauser chronic disease,  

* Mann Whitney U, **Kruskal Wallis  
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Table 18b 1: Mean and Median of cost in Hospital Characteristics 

Hospital  

characteristics  

Number  Mean (SD) Median   IQR P-value 

Location/teach 

status: 

     

Rural  54,222 13531.94 (14122.41)  9342.19 5751.91, 16118.57 <.001** 

Urban nonteaching 187,498 17120.32 (21353.54) 10876.07 6435.13, 19620.55  

Urban teaching. 426,176 21712.66 (32963.92) 12360.21 6926.10, 23826.44                    

Hospital 

ownership: 

     

Govt non-federal, 70,772 23220.71 (37295.08) 12551.09 6886.73, 24852.67          <.001** 

Private, not profit, 498,827 19923.08 (29072.26) 11796.96                       6786.79, 22082  

Private, invest-own 98, 297  16436.14 (20779.41)  10160.69  5949.30, 18754.75   

bed-size:      

Small  114,774 16486.04 (20501.87) 10558.91 6271.55, 18922.28          <.001** 

Medium  192,431 17996.68 (24270.51) 11081.2                       6466.90, 20356.46  

Large  360,691 21741.27 (33284.51) 12309.58 6918.66, 23796.68          
* Mann Whitney U, **Kruskal Wallis  

 

Table 19 displays the adjusted coefficients for the relationship between hospital cost and the BMI 

categories.  The cost was significantly decreased  by 0.035 (95% CI-.042, -.028)  for the hospitalizations 

with lowest BMI (<19 kg/m2 ) compared to the reference BMI (P<.001).  Hospital costs were 

significantly increased in all the higher BMI categories with the most increase observed in the 30-34.9 

and 35-39.9 kg/m2 groups. (P<.001).   
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Table 19: Generalized linear model of adjusted estimates of hospital cost in AKI patients 

Hospital cost β Coefficient  SE 95% CI  p-value 

BMI Kg/m2     

<19 -0.035 0.003 -0.042, -0.028 <.001 

19-24 0 ref .  

25-29.9 0.032 0.004 0.025, 0.04 <.001 

30-34.9 0.064 0.003 0.058, 0.071 <.001 

35-39.9 0.067 0.003 0.06, 0.074 <.001 

40-49.9 0.052 0.003 0.046, 0.058 <.001 

50& above 0.024 0.004 0.017, 0.031 <.001 

Race/ ethnicity     

White  0 ref .  

Black  -0.05 0.002 -0.054, -0.045 <.001 

Hispanics  0.083 0.003 0.076, 0.089 <.001 

Other  0.114 0.004 0.106, 0.122 <.001 

LOS  0.077 0 0.077, 0.077 <.001 

18–44, 0 ref . . 

45–64, 0.021 0.003 0.015, 0.027 <.001 

65–74, 0.039 0.004 0.032, 0.046 <.001 

≥75 -0.032 0.004 -0.039, -0.024 <.001 

Sex      

Male    0 ref . <.001 

Female  -0.028 0.002 -0.031, -0.025 <.001 

Metro region     

>=1 million pop 0 ref .  

<1million pop      -0.059 0.002 -0.063, -0.056 <.001 

Micropolitan counties      .009 0.004 0.002, 0.017 .01 

Not metro or micropolitan       -0.002 0.004 -0.01, 0.005 .538 

Insurance      

Medicare 0 (ref) ref . . 

Medicaid  0 0.003 -0.006, 0.006 .933 

Private   0.043 0.003 0.038, 0.048 <.001 

Self-pay/no charge/other -0.043 0.004 -0.051, -0.035 <.001 

Residential income     

0-25th percentile      0 ref .  

26th-50th percentile 0.036 0.002 0.032, 0.04 <.001 

51st-75th percentile 0.084 0.002 0.079, 0.088 <.001 

76th-100th percentile 0.159 0.003 0.154, 0.165 <.001 

Tobacco use -0.001 0.002 -0.006, 0.004 .769 

Alcohol abuse 0.021 0.004 0.013, 0.029 <.001 

Dialysis  0.246 0.005 0.236, 0.255 <.001 

Cardiac surgery 0.583 0.005 0.574, 0.593 <.001 

Mechanical ventilation 0.375 0.003 0.37, 0.38 <.001 

Clinical characteristics     

Sepsis  0.062 0.002 0.058, 0.066 <.001 

AMI 0.218 0.004 0.211, 0.225 <.001 

Primary AKI -0.337 0.003 -0.342, -0.332 <.001 

Non-survivor 0.182 0.004 0.174, 0.189 <.001 

Elixhauser chronic dx: 0 0 ref . . 

1 0.009 0.012 -0.013, 0.032 0.418 

2-5 0.024 0.011 0.002, 0.045 0.03 

>=6 0.071 0.011 0.049, 0.093 <.001 

Hosp. characteristics     

Hosp bed size: small -0.035 0.002 -0.039, -0.03 <.001 

Medium  -0.035 0.002 -0.039, -0.032 <.001 

Large  0 ref .  

Rural  -0.086 0.004 -0.094, -0.078 <.001 

urban nonteaching -0.015 0.002 -0.018, -0.011 <.001 

urban teaching. 0 ref . . 

Govt non-federal, 0 ref . . 

Private, not profit, -0.032 0.003 -0.037, -0.027 <.001 

Private, invest-own -0.157 0.003 -0.164, -0.15 <.001 

Constant  8.824 0.012 8.8, 8.848  
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Interaction with race/ethnicity 

Results of interaction of BMI with race/ethnicity on hospital cost are presented in table 20. The 

BMI 19-24kg/m2 and white race group was the reference. The  adjusted estimates, of the single effects of 

both exposures and their interaction effect were displayed.  Significant interaction occurred in 11 out of 

18 tests (Wald’s statistics). The likelihood ratio test of the model was also significant for interaction (P< 

.001). The hospital cost occurred differently for all races compared to white race at the observed BMI 

categories. Figure 9 shows the margins plots of the significant interactions at the relevant BMI groups 

compared to the reference group.
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Table 20: Generalized linear model of estimates of BMI, race/ethnicity, and their interaction effects 

on hospital cost  

Exposures  Numbers   β Coefficient* SE  95% CI  p-value 

BMI kg/m2 

<19 86,426 -0.039 .004 -0.047, -0.03 <.001 

19-24 63,388 ref . . . 

25-29.9 50,183 0.044 .005 0.035, 0.054 <.001 

30-34.9 102,013 0.079 .004 0.071, 0.087 <.001 

35-39.9 102,088 0.082 .004 0.074, 0.09 <.001 

40-49.9 183,776 0.061 .004 0.054, 0.069 <.001 

50& above 80,754 0.028 .004 0.019, 0.037 <.001 

Race/ethnicity 

White  434,558 ref . . . 

Black  128,194 -0.022 .007 -0.035, -0.008 0.002 

Hispanics  49924 0.105 .009 0.086, 0.123 <.001 

Other  28,029  0.133 .011 0.111, 0.154 <.001 

Joint effects 

19-24.9 *white 54,836      0 . . . 

<19 *black 17,808       0.001 .009 -0.017, 0.018 0.916 

<19* Hispanic 5,105       0.005 .013 -0.021, 0.031 0.717 

<19 *other 5,605 0.033 .014 0.006, 0.061 0.019** 

25-29.9*white 32,003       0     

25-29.9*black 8,585       -0.038 .01 -0.059, -0.018 <.001** 

25-29.9*Hispanic 5,352       -0.036 .013 -0.062, -0.009 0.008** 

25-29.9*other 2,584     -0.021 .017 -0.055, 0.013 0.221 
30-34.9*white 66,525      0    

30-34.9*black 17,808       -0.056 .009 -0.073, -0.038 <.001** 

30-34.9*Hispanic 9,489       -0.037 .012 -0.06, -0.014 0.002** 

30-34.9*other 4,169 -0.026 .015 -0.056, 0.003 0.079 

35-39.9*white 66,952      0    

35-39.9*black 19,016       -0.055 .009 -0.072, -0.038 <.001** 

35-39.9*Hispanic 8,334       -0.039 .012 -0.063, -0.015 <.001** 

35-39.9*other 3,630 -0.04 .016 -0.071, -0.01 0.01** 

40-49.9*white 122,17      0    

40-49.9*black 36,013      -0.028 .008 -0.044, -0.013 <.001** 

40-49.9*Hispanic 11,554       -0.021 .011 -0.044, 0.001 0.061 

40-49.9*other 5,655 -0.05 .014 -0.078, -0.023 <.001** 

50& above *white 51,196      0    

50& above *black 17,754       -0.012 .009 -0.029, 0.006 0.185 

50& above *Hispanic 4,768       -0.012 .014 -0.038, 0.015 0.396 

50& above *other 2,471 -0.038 .017 -0.072, -0.004 0.029** 

Constant  8.816 .012 8.792, 8.84 0 
*Adjusted for age, sex, zip income, metro region, payer, tobacco use, alcohol, sepsis, primary AKI, AMI, cardiac surgery, dialysis, mechanical ventilation, LOS, 

Non-survivors, year of admission, hospital bed size, hospital location/teaching status and number of chronic diseases (Elixhauser). 

** significant interaction  

Likelihood-ratio test   p = <.001 
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Figure 8: Margins plot of significant interaction of BMI and race on the hospital cost 
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CHAPTER 5: DISCUSSION 

Discussion on Mortality 

Descriptive analysis  

In this nationally representative sample of hospitalized AKI patients, the prevalence of low BMI 

(<19 kg/m2) was 12%, that of >= 30 kg/m2 was 70% while that of BMI > =40 kg/m2 (gross obesity) was 

39%. The 2015–2016 National Health and Nutrition Examination Survey (NHANES), estimated 

prevalence of 1.5% of U.S.A adults aged 20 and over are underweight. (BMI less than 18.5).57 The 

NHANES study reflected a population who were considered apparently healthy, this study population 

were hospitalized, with severe illnesses, co-morbidities and probably were malnourished and were 

predisposed to weight loss and so were not healthy, also, the cut off value for low BMI in this study was 

<19 kg/m2 as against 18.5 kg/m2 in other studies. This value was inherent from data collected in NIS 

sample and could account for the increased prevalence in the <19 kg/m2 category. There was an increased 

prevalence in the higher BMI categories in this study compared to the general population in USA. In 

2017–2018, NHANES data estimated the overall age-adjusted prevalence as 42.4%, and 9.2% for obesity 

and gross obesity respectively.16, 17 Higher BMI than normal is a risk factor for several chronic diseases 

and their complications which many of the AKI patients in this study had concurrently.  

Other Risk factors  

The higher occurrence of morbid obesity in females and black race in the study agree with the 

NHANES study further corroborating to the role of race and sex as contributors to disparities in the 

outcomes. Invasive procedures like mechanical ventilation, dialysis and cardiac surgery which are often 

the initial causes of complications and eventual death, occurred in both obese and underweight 

individuals and affected mortality here. This study observed a higher proportion of patients in high BMI 

categories (40 kg/m2 and above) were on dialysis than not (34% vs 27& and 18%vs12%) (see table 2b) 

and a higher proportion of patients in the higher BMI groups (30-49.9 kg/m2 category) had cardiac 

surgery compared to those who did not have. Mechanical ventilation was more common in the BMI 

categories of 30-49.9kg/m2. For the chronic co-morbidity index, a higher percentage of BMI <19 kg/m2 

had >=5 chronic conditions (16%) compared to other BMI groups excluding BMI 40-49 kg/m2 category. 
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Multivariable analysis 

The study demonstrated that the risk of in-hospital mortality was not the same in the BMI 

categories, even after adjusting for confounders. The adjusted risks of in-hospital mortality tended toward 

a u -shaped relationship between BMI and mortality. Compared with those with normal BMI (19.0–24.0 

kg/m2), hospitalizations with BMI 25-29.9 kg/m2  experienced a 30% decrease in risk of mortality, this 

risk decreased further in all the subsequent categories, then started to creep up in BMI > =50 kg/m2  

group.  

Low BMI and mortality 

Higher risk of mortality in the low BMI category compared to normal BMI, was reported in this 

study. Many other studies have shown similar findings and with a u or j-shaped relationship in their AKI 

patients. Pederson et al., reported that short- and long-term mortality after hip fracture surgery were 

23.1% and 43.8% for underweight (AHR 1.7, 95% CI:1.2-2.4) compared to 14.1% and 24.5 % 

respectively for normal-weight patients. No association with mortality was reported with overweight and 

obesity in patients with and without postoperative AKI. 87 Chao et al., among elderly, post surgery AKI 

patients, in the ICU showed that a BMI between 21 and 31 kg/m2 (considered normal) had a lower 

mortality risk than those with a BMI of less than 21 kg/m2 or greater than 31 kg/m2.25 The increased risk 

of mortality observed in underweight patients in this study is probably due to the fact that being 

hospitalized, the patients are not healthy and have severe illnesses, several underlying chronic co-

morbidities and have poor nutritional states.  

High BMI and mortality 

      Compared to the normal BMI, there was a protective effect for mortality for all the higher BMI 

groups in this study. This is unexpected as usually there is presumed to be an increased risk with higher 

BMI even among patients with AKI).  While several reports demonstrated increased mortality with 

increasing BMI in general, 64-66, 72   others reported protectiveness and others no significant associations. 

Increased mortality risk has been observed by many authors in different circumstances. 23, 25, 90 
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Obesity paradox 

  

This study showed a protective effect of higher BMI (25–>50 Kg/m2) than normal on the risk of 

mortality in the AKI patients conforming to the concept of the “obesity paradox”.  Other authors have 

also shown this effect especially in critically ill patients. Akinnusi et al., in a meta-analyses had observed 

that obesity may be associated with lower mortality in critically ill patients.68  Soto et al., reported the  

lowest rates in obese patients with BMI of   30 < 35 kg/m2  with ARDS. (AOR of 0.81 per 5 kg/m2 ,95% 

CI:0.71-0.93. 27 Kim et al., reported this protective effect also on dialysis patients with AKI who had 

undergone continuous renal replacement therapy (CRRT). The AHR was 0.94 (95%CI: 0.90, 0.98) in 

patients in the BMI categories 25.5–37.1 Kg/m2 compared to those in the lowest (13.5–21.8 Kg/m2). 

57.4% vs 78.4% died, in the highest and the lowest BMI tertile respectively at ≥30 days after the 

initiation of CRRT. (P = 0.02). 26 Even after adjusting, the highest tertile of BMI was significantly 

associated with a decreased risk of death (AHR, 0.57, 95% CI:0.37,0.87). 26 In another study, Kim 

reported the protective effect of high BMI in only patients with a high severity score (AHR, 0.61, 95% 

CI:0.48, 0.76). In contrast, survival benefit was lost in those with low severity score. 122 Druml, also 

reported lowest mortality in obese patients with AKI requiring renal replacement therapy (BMI of > or = 

30 < 35) with OR 0.81,95% CI:0.66-0.98). 88 Johansen et al. among their patients beginning dialysis, 

observed that high BMI was associated with increased survival, even after adjustment, and over a 2-year 

average follow-up time. 91 

The survival benefit for high BMI in the study patients, remains uncertain . Postulates in support 

of the benefits are, first, the sequestration of uraemic toxins in adipose tissue may help to buffer the toxins 

and indirectly confer protective effects. 76 The patients with low BMI who are considered malnourished, 

may have low distribution volume and low buffer potential for toxins despite the increased formation of 

toxins therefore, a reduced survival is understandable in this group.75, 77 secondly, a better nutritional state 

could enable the patients with higher BMI to overcome crisis situations such as acute diseases and 

trauma. The  improvement of survival might reflect ‘‘normal’’ epidemiology, whereas in today’s 

population, it reflects a pathology—an unnatural relationship .75, 77 Thirdly leptin, which is a hormone 
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produced in abundance in obese patients, from their adipose cells has some beneficial effects and may 

confer reflect a better survival for the patients with higher BMI (obesity).75, 77  

Do the results of this study reflect the true causal effect of obesity on mortality or confounding ? 

could it then be healthier to be overweight than to be normal or low weight? In recent times where obesity 

is an epidemic and a risk factor for many diseases, this idea is a potentially dangerous message to 

promulgate. The occurrence of chance, bias, and residual confounding maybe what is accounting for the 

observation of obesity paradox. The study considering its retrospective design could not adjust for all 

confounding variables. In validating true paradox here, many confounding variables were accounted for 

in the analysis, even though residual confounding could still be apparent as the NIS data used was not 

inherently designed to study the obesity paradox so only the available data and covariates in it were used. 

Importantly, the BMI is not considered an accurate measure of body fat, addition of waist circumference 

or waist–hip ratio measurements could support the diagnosis of obesity. There is also a possibility that 

lean muscle mass could add to the weight of some of the study patients leading to erroneous conclusions 

on BMI. Lean muscle mass may have some protective effects on cardio metabolic diseases reducing 

mortality. Also, there was no information on recent weight changes, or unintentional weight loss in the 

period preceding the collection of weight data. The sample size in the study is large and so it is expected 

that observed differences in estimates of even small magnitude would achieve statistical significance and 

with narrow margins of error. Causality is therefore not implied here.  

Interaction effect  

Significant interactions were observed between BMI and race/ethnicity for in-hospital mortality, 

(Table 8) in 4 out of 18 tests (Wald’s statistics). The interaction indicated that the risk of mortality 

occurred differently in the two groups that were compared.   

Measures of interaction 

Positive interaction was observed on a multiplicative scale in all the groups as the observed risks 

were more than the expected. (Table 7). Measuring on an additive scale, since the effect on higher BMI 

and in some of the races were protective in this study, it was necessary to recode the reference group 

when considering the joint effect strata together so that all exposures become risk, to prevent errors in the 



 83 

estimation. Precautions was taken in interpreting the results as the groups changed.119 With this, the 

measures of the interaction on an additive scale RERI, AP and SI showed consistent results as they all 

indicated sub additive interaction which were significant in all the groups. i.e RERI and AP were less 

than 0 and SI was less than 1(tables 9-12).  

Interpretation of these measures can be confusing and problematic. Here, with negative or sub 

additive interaction, no excess risk was added, instead the risk reduced meaning some individuals were 

protected from the disease because of the interaction. The AP-2 was therefore calculated for easier 

interpretation (tables 9-12). 121 The interpretation of AP-2 is the proportion of individuals in the jointly 

exposed group that is protected from dying by the interaction. 119, 120 Thus, for subgroup 1, 48 % of the 

individuals in the joint group i.e. (<19 and white) that would have died if there was no interaction are 

alive or 91.2 % more individuals would have died if there was no interaction. For subgroup 2, 32 % of the 

individuals in the joint group (i.e., 19-24.9/white) that would have died if there was no interaction are 

alive or 47% more individuals would have died if there was no interaction. For group 3, 64 % of the 

individuals in the joint group (i.e., 19-24.9/white) that would have died if there was no interaction are 

alive or 178% more individuals would have died if there was no interaction. For Sub-group 4, 58 % of the 

individuals in the joint (i.e., 19-24.9 and Other) group that would have died if there was no interaction are 

alive or 138 % more individuals would have died if there was no interaction. So, the white group was 

protected in the <19 kg/m2 category and in the 19-24 kg/m2 categories in subgroups 2 and 3 while at the 

4th subgroup, the Other race group was protected at the 19-24 kg/m2. Johansen showed, that among 

patients beginning dialysis, high BMI was associated with increased survival for whites, African 

Americans, and Hispanics but not for Asians. 91 Hispanic and Black patients as reported by Ricks, 

experienced consistently higher survival gains compared to non-Hispanic Whites across almost all BMI 

categories. (HR, 0.57, 95% CI: 0.49,0.68) at BMI > 40 kg/m2  compared to non-Hispanic Whites in the 

21.5-<23 kg/m2 group. Black maintenance HD patients exhibited the largest decline in death HR with 

increasing BMI.123 

 The results of this study highlighted the potential impact of race/ethnicity and body composition on 

the outcomes. An increased risk of many diseases, AKI and BMI abnormalities inclusive were 
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documented in black persons and other races. 124 The biologic risks, individual risk behaviors which 

could be cultural or social economic/immigrant status, and access to healthcare as suggested by the ARIC 

study, may be mediating the racial disparity.107 Presence of albuminuria may partly explain the excess 

risk of AKI in blacks compared to whites. The study adjusted for comorbid conditions and socioeconomic 

status that increase the risk of mortality but did not adjust for albuminuria which was not available in the 

data set.  Interaction here was a statistical interaction as it was based on measurements. The large data set 

is an advantage for the detection of interaction as any small change is detected as significant with small 

effect size, however the effect may be spurious and therefore may not reflect the true interaction. 

Nonetheless, it was reported as there is plausibility- race and AKI relationship though not causal can be 

indirectly associated through socioeconomic and probably genetic factors. The hypothesis stated the 

interaction a priori, so it is in keeping to look for statistical interactions. Issues affecting the interpretation 

of all the interaction assessments such as unmeasured confounders may be a problem. It may therefore be 

unwise to conclude that the findings in this study demonstrate that the joint effect of BMI and 

race/ethnicity for the risk of mortality is causal. 

Length of Stay 

 LOS is an important healthcare performance metric used to indicate health resource utilization. 

For the 2013-2017 hospitalizations, the median LOS was 6 days with IQR (3-10), spanning minimum 1 

and 356 days maximum. There were significant differences observed in the distribution of the median 

LOS for all the exposures (P<.001). In the BMI group comparison (table 14) there was a trend of a higher 

median length of stay for the groups < 19 and 40-49.9 & >50 compared to the other groups. On 

adjustment using regression analysis, the size and direction of the predicted relationship suggests that 

LOS decreased for the patients with higher BMI than for normal BMI, only that for the BMI <19 kg/m2 

group increased. The group would still spend the most days in the hospital (β: 0.024, 95% CI: 0.014, 

0.034). (i.e., for every 1unit decrease in BMI the LOS increases by (2.4%).  The effect on the >50 kg/m2 

BMI group decreased from 0.03 in the unadjusted model to – 0.04. These relationships were still 

statistically significant even after adjustment. LR (p <.001) for age, the LOS significantly decreased by 

3% at >75 years. For being black race, the LOS was prolonged by 2.3% and by 4.5% for being Other race 
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compared to the white race. Increased LOS was observed for, sepsis (26%), mechanical ventilation 

(49%), dialysis (51%), CCI 1-4 (8%) and CCI > 5 (27%). 

Some of the observations in the study are predictable, while others are unexpected. Higher BMI are 

expected to have higher predicted LOS than normal as higher BMI is usually associated with many 

comorbidities and complications. For BMI <19 kg/m2 patients, the higher predicted LOS is expected as 

the group may have a higher prevalence of cancer and malnourishment as explanation for the increase 

observed in relation to others. Again, a paradox is observed in the predicted LOS for the higher-than-

normal BMI categories even though the LOS for AKI and BMI should be additive in prolonging the 

stays. Studies on AKI without the cognizance of BMI demonstrated longer stays in AKI patients, notably,  

studies by Liangos et al., observed prolongation of hospital LOS by 2 days (P<.001) compared to other 

illnesses. 36 Chertow observed an increase in SCr > or=0.5 mg/dl was associated with a 3.5-day increase 

in LOS even after adjusting.52  Silver documented an increase in LOS of 3.2 days in AKI patients 

compared to patients without AKI and for dialysis patients, LOS was 11.5 days and 3.9 days.8  Uchino 

observed the median LOS in the ICU was 10 days (IQR, 5-22 days) while the median hospital ward stay 

was 22 days (IQR, 11-44 days).43 For BMI without AKI, Oliveros observed significantly longer days for 

underweight, overweight, and severely obese patients compared to those of normal BMI.67 Akinnusi’s 

group observed that ICU length of stay were significantly longer in the obese group by 1.48 days (95% 

CI:0.07,2.89), compared with the nonobese group despite a lower mortality in the obese group.68  On the 

contrary, just as observed in this study, Akinyemiju observed a shorter average length of stay for obese 

patients compared to normal weight patients, BMI 30 to 39.9 kg/m2 spent an average of 2 days less in the 

hospital.66 The observation in this study, that obese AKI patients with higher BMI have shorter predicted 

hospital stays compared with patients with normal BMI may be that the higher BMI patients are 

discharged too early, much more obese patients are probably transferred to other health facilities for 

further care, or are cured of the AKI condition, thereby shortening their duration of stays.66 Also perhaps 

the methods of analysis of length of stay varied according to study. This study used GLM modelling to 

analyze the highly skewed distributed LOS. As seen in this study, race/ethnicity, socio demographics, 

mortality, and comorbidities with hospital procedures were factors that determined LOS. Caution should 
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be entertained when interpreting the significant difference in LOS between white race and other ethnic 

races as observed here. It may be that disease conditions may be more in other ethnic groups than whites 

or probably the SES or living conditions in more deprived areas with poorer health have a significant 

effect on LOS.  

Hospital cost 

In this study, Significant differences were observed in the median cost among all the BMI groups. 

(P<.001) (table 16). The highest hospital cost was observed in the BMI group >50kg/m2 with a median 

cost of 12,643.97 (7253.18-23,630.4) USD. Higher cost associated with high BMI categories was  

expected and might be due to the increasing comorbities that are obvious in higher BMI than in normal 

patients. Other races group had higher median cost than Whites, Blacks or Hispanics (table 18-25,304.55 

USD). This observation could be that the other races had little or no health insurance and had to self-pay 

warranting the higher predicted cost seen here. On regression analysis, the lowest BMI group of < 19 

kg/m2 showed adjusted predicted costs that were 3% less than those for patients with normal BMI 19-24.9 

kg/m2. Higher BMI groups (overweight and obese) were associated with predicted costs that were higher 

than the normal BMI group. The cost increased by 6.4% for the 30-39.9kg/m2 BMI categories, by 5% and 

by 2% for the 40->50 kg/m2 categories.  

Other  published studies of AKI cost with or without associations with BMI have demonstrated 

similar findings . (This study has a combination of the 2 factors i.e., AKI and abnormal BMI). A 

Canadian population-based cohort by David Collister observed that the severity of AKI, the need for 

dialysis, and the lack of kidney recovery were all associated with significant increases in health care 

resource utilization and costs in patients who are hospitalized.125 Chertow observed an increase in SCr 

>or=0.5 mg/dl was associated with nearly 7500 dollars in excess hospital costs.52 Silver using NIS data, 

noted that AKI was associated with an increase in hospitalization costs of $7933 compared to patients 

without AKI. The increase was more obvious in dialysis patients even after adjustment.8 Kims meta-

analysis observed that the annual medical spending attributable to an obese individual was $1901 ($1239-

$2582) in 2014 USD, accounting for $149.4 billion at the national level.18 This study has a different 

setting, population (AKI) and, different methods but not withstanding showed similar observations. 
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Estimating the medical costs of obesity is important in AKI patients as with other conditions, as 

obesity has become an epidemic of great proportions that increases burden of disease and stresses the 

healthcare resources.  Estimating the cost is also necessary to calculate the cost-effectiveness of various 

anti-obesity treatments, interventions, and policies. The high cost can shift focus to the need to emphasize 

preventive strategies aimed at reducing obesity. Analysing  costs are not without problems, (i) asymmetry 

of the distribution due to a minority of subjects with high medical cost compared with the rest of the 

population requires specialized statistical methods for accurate estimations (ii) a possible large mass of 

observations with zero-cost. This study used GLM modelling for gamma distribution which is appropriate 

for the analysis of highly skewed data. The NIS data set used had <1% of the patients with 0 cost of care 

and is deemed to be of high quality. 

 

Strengths of the Study 

This is one of the few studies to specifically investigate in details the relationship of BMI, which is 

considered a relatively novel risk factor for AKI and its outcomes in hospitalized patients with AKI. For 

sampling, a robust nationally representative dataset with a reasonable time frame of 5-years was used. 

Data was obtained electronically, thus there is not much data loss due to human errors. The data set has a 

wide range of representativeness, efficient sampling design, consistency of data structure, rapid case 

finding (fast case search) and low cost. Data was available on other racial/ethnic groups aside White and 

Blacks race and also to assess for many confounders. The sample size is large, so the study is powered to 

detect interaction.  

 

Overall limitations 

This study using administrative data collected for billing purposes is not without limitations and so 

associations rather than causality are established. In the study, conflicting results are observed probably 

due to several bias. Calculations or reporting of BMI measurements may not be done by the clinicians in 

many hospitalizations probably because patients may be too ill to stand and there may be no facility to 
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measure weight and height for such situations or just an oversight. The study had about 750,000 out of 

over 2.5 million hospitalisations that had BMI recorded.  

Categorization of BMI which is a continuous exposure variable could have led to spurious 

interaction effects in the study and could reduce the power to give accurate results. The BMI values here 

are based on the availability and are inherently categorized in the administrative data set used.  

It is possible that there is underreporting of some other variables like race/ethnicity in our data 

source as the White race is overrepresented while the Other race group is under represented in the study 

which may have resulted in selection bias.The study did not directly control for disease severity even 

though having dialysis could be interpreted as severity of AKI. Ascertainment of the diagnosis of AKI -

using ICD-9 and ICD-10CM codes is liable to misclassification due to inaccurate entry by healthcare 

professionals and  if these codes were not recorded properly, it is subject to over, under, or erroneous 

coding. There were no unique patient identifiers in the NIS data, so recurrent hospitalizations on the same 

individual could not be ruled out or accounted for. 

 

Conclusion:   

The study adds to the emerging body of evidence on the obesity paradox. The observation of 

obesity paradox, whether due to plausible biological reactions or to methodological errors still remains 

controversial. Though the results support obesity paradox, it does not support changing public health 

guidelines and policies regarding obesity paradox- improved survival in obese individuals. The potential 

benefits of obesity paradox are outweighed by the many risk of metabolic, renal, or cardiovascular 

diseases conferred on being overweight or obese. 

Estimating LOS and hospital costs of AKI hospitalizations according to BMI are important to the 

payers of healthcare, employers, and government agencies to determine the cost effectiveness of 

interventions that prevent and reduce obesity.  Subgroup analysis of AKI hospitalizations is 

recommended to further assess the relationship of mortality, LOS and hospital cost with BMI in special 

circumstances like in dialysis, ICU, surgery etc. More studies on interaction with race and ethnicity are 

needed to identify which groups would benefit most from intervention when resources are limited. 
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Ideally, translational studies especially prospective randomized trials to help identify new pathways 

targeted at improved survival and health resource use in AKI hospitalizations with BMI in focus are 

needed.  
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APPENDIX 

Appendix A 

ICD Ninth and Tenth Revisions, (ICD-9-CM, ICD-10-CM) Diagnosis and Procedure Codes.  
Body Mass Index codes 

 
1  BMI 

CATEGORY 

ICD-9 CODES ICD 10 

2  <19 V85.0)  

3  <19.9  Z681' 

4  19 to 24.9 V85.1  

5  20.0-24.9  Z6820- Z6824' 

6  25.0 to 29.9. V85.21–V85.25 'Z6825-'Z6829' 

7  30.0 to 34.9. V85.30–V85.34 Z6830- Z6834' 

8  35.0 to 39.9. V85.35–V85.39 Z6835- Z6839 

9  40.0.-49.9 V85.41, V85.42 'Z6841-'Z6842' 

10  50-59.9 85.43, 'Z6843' 

11  60.0-69.9 V85.44 'Z6844' 

12  70 and > V85.45 'Z6845' 
 

 

 

 

AKI Diseases Diagnosis codes 
 

DISEASE ICD- 9DX CODE DXCCS 1CD-10DX CODE 

Acute kidney failure with tubular necrosis 584.5 157 N17.0 

Acute kidney failure with acute cortical necrosis 584.6 157 N17.1 

Acute kidney failure with medullary necrosis 584.7 157 N17.2 

Other acute kidney failure 584.8 157 N17.8 

Acute kidney failure, unspecified 584.9 157 N17.9 

Unspecified kidney failure  157 N19 

Acute renal insufficiency  593.9  N28.9 

Post procedural acute kidney injury   N99.0 

procedure codes (dialysis) 39.95 or 54.98   

diagnosis codes V45.1 or V56.0 

V56.1 
  

Dependence on dialysis V45.11  Z99.2 

Encounter for fitting and adjustment of dialysis 

catheter  

V56.1,  Z49.0 

Peritoneal Dialysis V56.32, 54.98, 56.8  Z99.2, Z49.31, 

 

 

 

ICD-9 and ICD-10CM disease exclusion codes 

 
Diagnosis ICD 9 ICD 10  

Anasarca 782.3 R60.1 

Renal anasarca  N04.0 

Nephrotic syndrome unspecified 581.0, 581.89, 581.9 N04.0-N04.9 

Localized edema  R60.0 

Generalized edema  R60.1 

Edema unspecified  R60.9 

Fluid overload unspecified 276.6, E87.70 

Other fluid overload 276.69 E87.79 

Ascites  789.5, 789.59 R18.0 , R18.8 

Pregnancy CCS 889 CCS 889 
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Other condition disease codes  
 

 ICD-9 DXCCS ICD-10 

Disorders of lipid metabolism 272.0, 272.1, 272.2, 272.3,272.4 53 E78.0 

Septicemia [sepsis], Septic shock 771.81,   995.9 ,785.52  038 2  

Tobacco  use disorder (305.1)  

Toxic effect of tobacco 

305.1     

989.84      

 F17.2, T65.2 

Z71.6, Z72 

Acute myocardial infarction 

      

 

 

4100 41000 41001 41002 4101 

41010 41011 41012 4102 41020 

41021 41022 4103 41030 41031 

41032 4104 41040 41041 41042 

4105 41050 41051 41052 4106 

41060 41061 41062 4107 41070 

41071 41072 4108 41080 41081 

41082 4109 41090 41091 41092 

100  

    

Mechanical ventilation dx codes V4611  Z9911 

Mechanical ventilation procedure codes 9670, 9671,9672,9673   5A19, 5A09 

Cardiac surgery PrCCS codes 43-52   

 

 

 

ICD-9 and ICD-10 Coding Algorithms for Elixhauser Comorbidities 

 
 Elixhauser 

enhanced ICD 9 

Elixhauser AHRQ-Web  

ICD-9-CM 

ICD-10-CM QUANS 

Congestive heart failure:  

 

398.91, 402.01, 

402.11, 402.91, 

404.01, 404.03, 

404.11, 404.13, 

404.91, 404.93, 

425.4 - 425.9, 428.x 

398.91, 402.01, 402.11, 

402.91, 404.01, 404.03, 

404.11, 404.13, 404.91, 

404.93, 428.x"4280 "-"4289 

 
 

I09.9, I11.0, I13.0, I13.2, 

I25.5, I42.0, I42.5 - I42.9, 

I43.x, I50.x, P29.0 

 

Cardiac arrhythmias:  426.0, 426.13, 

426.7, 426.9, 

426.10, 426.12, 

427.0 - 427.4, 427.6 

- 427.9, 785.0, 

996.01, 996.04, 

V45.0, V53.3 

Non   I44.1 - I44.3, I45.6, I45.9, 

I47.x - I49.x, R00.0, R00.1, 

R00.8, T82.1, Z45.0, Z95.0 

Valvular disease:  093.2, 394.x - 

397.x, 424.x, 746.3 

- 746.6, V42.2, 

V43.3 

 

093.2, 394.x - 397.x, 424.x, 

746.3 - 746.6, V42.2, V43.3 

A52.0, I05.x - I08.x, I09.1, 

I09.8, I34.x - I39.x, Q23.0 - 

Q23.3, Z95.2 - Z95.4 

Pulmonary circulation 

disorders:  

415.0, 415.1, 416.x, 

417.0, 417.8, 417.9 

 

 416.x, 417.9  
 

 I26.x, I27.x, I28.0, I28.8, 

I28.9 

Peripheral vascular 

disorders:  

093.0, 437.3, 440.x, 

441.x, 443.1 - 

443.9, 447.1, 557.1, 

557.9, V43.4 

 

 

 440.x, 441.x, 442.x, 443.1-

443.9, 447.1, 557.1, 557.9, 

V43.4  
 

I70.x, I71.x, I73.1, I73.8, 

I73.9, I77.1, I79.0, I79.2, 

K55.1, K55.8, K55.9, Z95.8, 

Z95.9 

Hypertension, 

uncomplicated:  

 

401.x  

 401.1, 401.9, 642.0  
 

I10.x 

 

Hypertension, 

complicated:  

402.x - 405.x 

 

 

 401.0, 402.x-405.x, 642.1, 

642.2, 642.7, 642.9  
 

I11.x - I13.x, I15.x 

 

Paralysis:  334.1, 342.x, 343.x, 

344.0 - 344.6, 344.9 

 

 

 342.x-344.x, 438.2-438.5  
 

G04.1, G11.4, G80.1, G80.2, 

G81.x, G82.x, G83.0 - 

G83.4, G83.9 

 

Other neurological 

disorders:  

331.9, 332.0, 332.1, 

333.4, 333.5, 

 G10.x - G13.x, G20.x - 

G22.x, G25.4, G25.5, G31.2, 
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333.92, 334.x - 

335.x, 336.2, 340.x, 

341.x, 345.x, 348.1, 

348.3, 780.3, 784.3 

 

 330.x-331.x. 332.0, 333.4, 

333.5, 334.x, 335.x, 340, 

341.1-341.9, 345.x, 347.x, 

780.3, 784.3  
 

G31.8, G31.9, G32.x, G35.x 

- G37.x, G40.x, G41.x, 

G93.1, G93.4, R47.0, R56.x 

Chronic pulmonary 

disease:  

416.8, 416.9, 490.x 

- 505.x, 506.4, 

508.1, 508.8 

 

 

 490x-492.x, 493.x, 494x-

505.x, 506.4  
 

 I27.8, I27.9, J40.x - J47.x, 

J60.x - J67.x, J68.4, J70.1, 

J70.3 

Diabetes, uncomplicated:  

 

250.0 - 250.3  

 250.0-250.3, 648.0  
 

E10.0, E10.1, E10.9, E11.0, 

E11.1, E11.9, E12.0, E12.1, 

E12.9, E13.0, E13.1, E13.9, 

E14.0, E14.1, E14.9 

Diabetes, complicated  250.4 - 250.9 

 

 

 250.4-250.9,  
 

E10.2 - E10.8, E11.2 - 

E11.8, E12.2 - E12.8, E13.2 

- E13.8, E14.2 - E14.8 

Hypothyroidism:  240.9, 243.x, 244.x, 

246.1, 246.8 

 

 243-244.2, 244.8, 244.9  
 

E00.x - E03.x, E89.0 

 

Renal failure:  

 

403.01, 403.11, 

403.90,403.91, 

404.02, 404.03, 

404.12, 404.13, 

404.92, 404.93, 

585.x, 586.x, 588.0, 

V42.0, V45.1, 

V56.x 

 

 403.01, 403.11, 403.91, 

404.02, 404.03, 404.12, 

404.13, 404.92, 404.93, 

585.x, 586.x, V42.0, V45.1, 

V56.x  
 

 I12.0, I13.1, N18.x, N19.x, 

N25.0, Z49.0 - Z49.2, Z94.0, 

Z99.2 

 

Liver disease:  

 

070.22, 070.23, 

070.32, 070.33, 

070.44, 070.54, 

070.6, 070.9, 456.0 

- 456.2, 570.x, 

571.x, 572.2 - 

572.8, 573.3, 573.4, 

573.5,573.8, 573.9, 

V42.7 

 

 070.22, 070.23, 070.32, 

070.33, 070.44, 070.54, 

456.0, 456.1, 456.20, 571.0, 

571.2-571.9, 572.3, 572.8, 

V42.7  
 

B18.x, I85.x, I86.4, I98.2, 

K70.x, K71.1, K71.3 - 

K71.5, K71.7, K72.x - 

K74.x, K76.0, K76.2 - 

K76.9, Z94.4 

 

Peptic ulcer disease, 

excluding bleeding 

531.7, 531.9, 532.7, 

532.9, 533.7, 533.9, 

534.7, 534.9 

531.41, 531.51, 531.61,  

531.7, 531.91, 532.41,  

532.51, 532.61, 532.7,  

532.91, 533.41, 533.51,  

533.61, 533.7, 533.91,  

534.41, 534.51, 534.61,  

534.7, 534.91  

 K25.7, K25.9, K26.7, 

K26.9, K27.7, K27.9, K28.7, 

K28.9 

AIDS/HIV:  

 

042.x - 044.x 042.x-044.x  

 

B20.x - B22.x, B24.x 

 

Lymphoma:  200.x - 202.x, 

203.0, 238.6 

200.x-202.3, 202.5-203.0, 

203.8, 238.6, 273.3  

C81.x - C85.x, C88.x, 

C96.x, C90.0, C90.2 

Metastatic cancer:  196.x - 199.x 196.x-199.x  

 

C77.x - C80.x 

 

Solid tumour without 

metastasis 

140.x - 172.x, 174.x 

- 195.x 

 

140.x-172.x, 174.x, 175.x,  

179.x-195.x  

C00.x - C26.x, C30.x - 

C34.x, C37.x - C41.x, 

C43.x, C45.x - C58.x, C60.x 

- C76.x, C97.x 

Rheumatoid 

arthritis/collagen 

vascular diseases 

446.x, 701.0, 710.0 

- 710.4, 710.8, 

710.9, 711.2, 714.x, 

719.3, 720.x, 725.x, 

728.5, 728.89, 

729.30 

 

701.0, 710.x, 714.x, 720.x,  

725.x  

L94.0, L94.1, L94.3, M05.x, 

M06.x, M08.x, M12.0, 

M12.3, M30.x, M31.0 - 

M31.3, M32.x - M35.x, 

M45.x, M46.1, M46.8, 

M46.9 

Coagulopathy:  286.x, 287.1, 287.3 

- 287.5 

286.x, 287.1, 287.3-287.5  

 

D65 - D68.x, D69.1, D69.3 - 

D69.6 

 

Obesity 278.0 278.0  E66.x 
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Weight loss  

 

260.x - 263.x, 

783.2, 799.4 

260.x-263.x, 783.2  

 

E40.x - E46.x, R63.4, R64 

 

Fluid and electrolyte 

disorders 

 

253.6, 276.x 276.x  

 

E22.2, E86.x, E87.x 

Blood loss anaemia  280.0  D50.0 

Deficiency anaemia  280.1 - 280.9, 281.x 280.1-281.9, 285.2, 285.9  

 

D50.8, D50.9, D51.x - 

D53.x 

Alcohol abuse  265.2, 291.1 - 

291.3, 291.5 - 

291.9, 303.0, 303.9, 

305.0, 357.5, 425.5, 

535.3, 571.0 - 

571.3, 980.x, V11.3 

291.0-291.3, 291.5, 291.8,  

291.9, 303.x, 305.0  

F10, E52, G62.1, I42.6, 

K29.2, K70.0, K70.3, K70.9, 

T51.x, Z50.2, Z71.4, Z72.1 

 

Drug abuse  292.x, 304.x, 305.2 

- 305.9, V65.42 

292.0, 292.82-292.89,  

292.9, 304.x,  

305.2-305.9, 648.3  

F11.x - F16.x, F18.x, F19.x, 

Z71.5, Z72.2 

Psychoses  

 

293.8, 295.x, 

296.04, 296.14, 

296.44, 296.54, 

297.x, 298.x 

295.x-298.x, 299.1  

 

F20.x, F22.x - F25.x, F28.x, 

F29.x, F30.2, F31.2, F31.5 

 

Depression 296.2, 296.3, 296.5, 

300.4, 309.x, 311 

 

300.4, 301.12, 309.0, 309.1,  

311  

F20.4, F31.3 - F31.5, F32.x, 

F33.x, F34.1, F41.2, F43.2 

(Quan H, Sundararajan V, Halfon P, et al. Coding algorithms for defining Comorbidities in ICD-9-CM and ICD-10 administrative data. Med Care. 2005 Nov; 

43(11): 1130-9.) 
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Appendix B 

Frequency distribution of Demographic characteristics of patients according to BMI 1 (count) 
 

 
 TOTAL <19 19-24.9 25-29.9  30-34.9  35-39.9  40-49.9  ≥ 50  

BMI TOTAL 679,756 87,839     64,606      51,128     103,946     104,009     186,955      81,273 

Primary AKI 85,466 14,743  10,333       6,792      11,229      11,491      21,810       9,068 

Secondary AKI 594,290 73,096      54,273      44,336      92,717      92,518     165,145      72,205 

 DEMOGRAPHICS         

Age,mean(SD) 65.69 (14.56)      71.92 (16.24) 72.44 

(15.24)       

69.98 

(14.51)     

66.45 

(13.85) 

64.39 

(13.42)      

62.74 (12.83)    58.38 

(12.27       

Median (IQR) 67(57,77)        

Age category(years)         

18–44, 57,080 6,258       3,648       3,039       7,378       8,611      16,955      11,191 

45–64, 243,264 19,014      13,806      13,257      34,945      39,670      79,361      43,211 

65–74, 180,762 16,889      13,250      12,721      29,644      30,826      57,128      20,304 

≥75 198,619 45,673      33,901      22,110      31,975      24,900      33,502       6,558 

sex (n=) 679,613 87,819      64,593      51,119     103,928     103,989     186,911      81,254 

male  324,673  41,740           36,333  28,188        56,454      53,362      79,569      29,027 

female 354,940  46,079  28,260  22,931  47,474      50,627     107,342      52,227 

race/ ethnicity(n=) 652,330 84,745           62,529      49,458      99,895      99,829     178,470 77,404 

white 440,664 

(67.55) 

55,519      41,491      32,487      67,537      67,949     123,847      51,834 

black 131,347 

(20.14) 

18,190      11,500       8,814      18,265      19,505      36,916      18,157 

Hispanics 51,391 (7.88) 5,239       5,477       5,497       9,754       8,620      11,931       4,873 

others 28,928 (4.43) 5,797       4,061       2,660       4,339       3,755       5,776       2,540 

Socioeconomic         

Tobacco use (n=679,756 ) 92,603 16,941       9,863       6,794      14,832      14,225      21,614           8,334 

 587,153 70,898        54,743      44,334      89,114      89,784     165,341      72,939 

Residentialincome  (Zip)       667,991 86,134           63,332      50,174     102,201     102,265     183,923 79,962 

0-25th percentile      224,248 29,045           20,280      16,096      32,624      33,238      63,114 29,851 

26th-50th percentile 179,446 21,566      15,970      13,145      27,092      27,680      51,270      22,723 

51st-75th percentile 154,820 19,181      14,590      11,894      24,483      24,287      42,923      17,462 

76th-100th percentile 109,477 16,342      12,492       9,039      18,002      17,060      26,616       9,926 

Insurance (n=) 679,066 87,755      64,560      51,078     103,846     103,919     186,724      81,184 

Medicare 435,573 64,871      47,108      35,396      66,240      63,417     113,700      44,841 

Medicaid 83,477 9,900       6,460       5,138      11,282      12,063      23,717      14,917 

private(ref. group)  123,949 9,349       8,161       7,871      20,367      22,214      39,111      16,876 

self-pay/no charge/other 36,067 3,635       2,831       2,673       5,957       6,225      10,196       4,550 

Metro region(n= 677,445 87,382      64,214      50,866     103,585     103,697     186,584      81,117 

>=1 million pop 361,287 49,008      37,699      29,458      57,220      55,654      93,099      39,149 

<1million pop      206,064 25,734      17,480      14,250      30,660      31,353      60,113      26,474 

Micropolitan counties      65,665 7,666       5,529       4,376       9,182       9,856      19,788       9,268 

Not metro or micropo counties       44,429 4,974       3,506       2,782       6,523       6,834      13,584       6,226 
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Frequency distribution of clinical characteristics of patients according to BMI 2 (count) 
 

 
 TOTAL <19 19-24.9 25-29.9  30-34.9  35-39.9  40-49.9  ≥ 50  

BMI TOTAL 679,756 87,839     64,606      51,128     103,946     104,009     186,955      81,273 

hospital-level  679,756        

Location/teach status: rural  54,359        7,359       4,697       3,391       7,018       7,817      16,263       7,814 

urban nonteaching 189,275        23,113      18,155      15,148      29,262      29,534      51,983      22,080 

urban teaching. 436,122        57,367      41,754      32,589      67,666      66,658     118,709      51,379 

hospital control/ownership: 679,756        

Govt non-federal, 70,811           9,537       6,804       5,304      10,727      10,418      19,177       8,844 

private, not profit, 508,728        66,158      46,528      35,758      77,173      78,087     143,326      61,698 

private, invest-own 100,217        12,144      11,274      10,066      16,046      15,504      24,452      10,731 

bed-size: 679,756        

small 117,878        15,251      11,020       8,620      18,131      18,455      32,191      14,210 

medium 196,973        24,787      18,749      15,383      30,253      30,374      54,190      23,237 

large 364,905        47,801      34,837      27,125      55,562      55,180     100,574      43,826 

Sepsis          

YES 160,871 26,848      17,685      12,209      19,932      19,273      42,716      22,208 

NO 518,885 60,991 46,921      38,919      84,014      84,736     144,239      59,065             

AMI 38,099  4,620       2,983       3,047       7,219       6,497      10,486       3,247 

No  641,657 83,219      61,623      48,081      96,727      97,512     176,469      78,026 

Dyslipidemia 288,602 21,650      21,350      22,220      53,125      53,078      85,477      31,702 

No  391,154 66,189      43,256      28,908      50,821      50,931     101,478      49,571   

Dialysis 20,736 1,626       1,402       1,443       2,610       2,838       6,993       3,824      

No dialysis 659,020 86,213      63,204      49,685     101,336     101,171     179,962      77,449    

Mech. ventilation 94,288 11,029       6,918       5,948      11,680      12,270      29,557      16,886 

No  585,468 76,810      57,688      45,180      92,266      91,739     157,398      64,387 

cardiac surg: yes 21,152 779              971 1,703       4,303       4,361       7,112       1,923 

No  658,604 87,060      63,635      49,425      99,643      99,648     179,843      79,350 

OUTCOME (679,232)         

Died YES 43,772 10,568       5,895       3,337       4,527       4,098       9,881       5,466      

NO 635,460 77,189       58,662      47,739      99,326      99,839     176,940      75,765 

 

 

 

 

 

Figure A1: Box plots showing median LOS for the BMI categories 
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Figure A2  : Box plot of the median hospital cost across BMI categories  
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