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Background. Acute kidney injury (AKI) is a common clinical syndrome carrying high morbidity and mortality. Body mass index
(BMI) is a common health indicator, and a high BMI value-obesity has been shown to be associated with the outcomes of
several diseases. However, the relationship between different BMI categories and mortality in all critically ill patients with AKI is
unclear and needs further investigation. Therefore, we evaluated the ability of BMI to predict the severity and all-cause mortality
of AKI in critically ill patients. Methods. We extracted clinical data from the MIMIC-III v1.4 database. All adult patients with
AKI were initially screened. The baseline data extracted within 24 hours after ICU admission were presented according to WHO
BMI categories. Logistic regression models and the Cox proportional hazards models were, respectively, constructed to assess
the relationship between BMI and the severity and all-cause mortality of AKI. The generalized additive model (GAM) was used
to identify nonlinear relationships as BMI was a continuous variable. The subgroup analyses were performed to further analyze
the stability of the association between BMI category and 365-day all-cause mortality of AKI. Result. A total of 15,174 patients
were extracted and were divided into four groups according to BMI. Obese patients were more likely to be young and male. In
the fully adjusted logistic regression model, we found that overweight and obesity were significant predictors of AKI stage III
(OR, 95 CI: 1.17, 1.05-1.30; 1.32, 1.18-1.47). In the fully adjusted Cox proportional hazards model, overweight and obesity were
associated with significantly lower 30-day, 90-day, and 365-day all-cause mortality. The corresponding adjusted HRs (95 Cls)
for overweight patients were 0.87 (0.77, 0.99), 0.84 (0.76, 0.93), and 0.80 (0.74, 0.88), and for obese patients, they were 0.87
(0.77, 0.98), 0.79 (0.71, 0.88), and 0.73 (0.66, 0.80), respectively. The subgroup analyses further presented a stable relationship
between BMI category and 365-day all-cause mortality. Conclusions. BMI was independently associated with the severity and
all-cause mortality of AKI in critical illness. Overweight and obesity were associated with increased risk of AKI stage III;
however, they were predictive of a relatively lower mortality risk in these patients.

1. Introduction

Acute kidney injury (AKI) is a common clinical syndrome
carrying high morbidity and mortality [1, 2]. Several studies
have shown that AKI occurs in a large number of critically
ill patients, especially in the intensive care unit (ICU), carry-
ing a very high mortality rate (50-60%) [3, 4]. Worldwide,
21-67% of critically ill patients develop AKI during their

ICU stay [5-7], and the morbidity associated with AKI is
expected to continue to increase [8]. Patients with AKI some-
times require renal replacement therapy (RRT); however,
clinicians often disagree as to when to start RRT [9]. RRT is
an invasive and potentially risky treatment that should not
be initiated if the patient has mild disease and kidney
function could be restored without intervention. However,
a conservative approach to initiation of RRT late in the
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course of the AKI may lead to adverse outcomes [10]. There-
fore, a simple and reliable clinical predictor of AKI severity
can better assist clinicians in making decisions.

Body mass index (BMI) is a common health indicator,
calculated as the ratio of weight to squared height (kg/m?).
The degree of obesity can be classified into categories on
the basis of BMI according to the World Health Organization
(WHO). Overweight (BMI > 25 to <30kg/m?) and obesity
(BMI > 30 kg/m?) are now common public health problems
in both developed and developing countries that give rise to
substantial global public burdens [11]. More than half of
American adults are overweight or obese, and this proportion
is increasing [12, 13]. Studies have shown that obesity is asso-
ciated with an increased morbidity in cardiovascular disease,
diabetes, and depression [14-16], increasing hospital length
of stay and medical costs [17, 18].

Previous studies have shown that obese patients have a
higher incidence of AKI, more severe renal injury, and higher
mortality [19, 20]. Danziger et al. [21] demonstrated that the
mortality rate of obese patients with AKI was significantly
higher than those without AKI within each BMI category.
However, some recent studies have shown that obesity in
critically ill patients can improve survival [20, 22]. Soto
et al. [23] investigated the association between BMI and
AKI in patients with acute respiratory distress syndrome
(ARDS) and demonstrated that increased BMI was corre-
lated with increased prevalence of AKI, however, with
decreased mortality. In addition, Kim et al. [24] found that
in patients with AKI treated with CRRT, a high BMI was
beneficial for survival, especially in those with severe illness.

Based on these findings, the relationship between differ-
ent BMI categories and all-cause mortality in all critically ill
patients with AKI is controversial and needs further investi-
gation. Therefore, the aim of this study was to assess the
relationship between BMI and the severity and all-cause
mortality of AKI in critical illness.

2. Methods

2.1. Data Source. The Multiparameter Intelligent Monitoring
in Intensive Care Database III version 1.4 (MIMIC-III v1.4)
includes more than 40,000 ICU patients treated at Beth
Israel Deaconess Medical Center (Boston, MA, USA) from
2001 to 2012 [25]. We were allowed to access the database
after completing the National Institutes of Health’s web-
based course and passing the Protecting Human Research
Participants exam (No. 6182750). Identifying information
was hidden to protect privacy. The project was granted a
waiver of informed consent.

2.2. Study Population. All adult patients (>18 years) with
AKI according to Kidney Disease Improving Global Out-
comes (KDIGO) definition [26] were initially screened.
According to the KDIGO classification, AKI was divided
into three stages: I, II, and III. Weight and height values
were extracted and calculated to obtain BMI. Depending
on the WHO BMI classification, patients were divided into
four groups: underweight (BMI < 18.5kg/m?), normal
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(BMI: 18.5 to <25kg/m2), overweight (BMI: 25 to <30
kg/m?), and obese (BMI > 30 kg/m?).

2.3. Data Extraction. As in our previous study [27, 28], we
used the PostgreSQL tool (version 9.6) to extract clinical data,
including patient demographics, vital signs, laboratory test
results, scoring systems, and other clinical variables. Only
the data for the first ICU admission of each patient were
used, and baseline data were extracted within 24 hours after
ICU admission. The vital signs included systolic blood
pressure (SBP), diastolic blood pressure (DBP), mean blood
pressure (MBP), heart rate, respiratory rate, temperature,
and saturation of pulse oxygen (SPO,). These values were
the averages of the first 24 hours after admission. The comor-
bidities included congestive heart failure (CHF), cardiac
arrhythmias, valvular disease, hypertension, renal disease,
liver disease, uncomplicated diabetes, complicated diabetes,
metastatic cancer, and coagulopathy. Laboratory measure-
ments included anion gap, bicarbonate, creatinine, chloride,
glucose, hematocrit, hemoglobin, platelet, sodium, potas-
sium, lactate, blood urea nitrogen (BUN), white blood cells
(WBC), prothrombin time (PT), activated partial thrombo-
plastin time (APTT), and international normalized ratio
(INR). Sequential organ failure assessment (SOFA) scores
[29] and simplified acute physiology scores II (SAPSII) [30]
were calculated for each patient at the time of ICU admission.
The endpoints were AKI stage III during ICU stay and 30-
day, 90-day, and 365-day all-cause mortality.

2.4. Statistical Analysis. Baseline characteristics of all patients
were stratified in four groups on the basis of the WHO BMI
classification. Continuous variables were expressed as mean
+ standard deviation (SD) and were compared using one-
way ANOVA across groups. Categorical data were expressed
as number or percentage and were compared using the chi-
squared test or Fisher’s exact test.

Logistic regression models were constructed to determine
whether BMI was independently associated with the severity
of AKI, and the Cox proportional hazards models were used
to evaluate the relationship between BMI and all-cause
mortality. The normal-weight group was the reference, and
the results were presented as odds ratios (ORs) or hazard
ratios (HRs) with 95% confidence intervals (95 Cls). Vari-
ables based on epidemiological and biological background
were incorporated as potential confounders, and these
confounders were adjusted based on a change in effect
estimate of >10% when added to the model [31]. Because
BMI was a continuous variable, a generalized additive model
(GAM) was used to identify nonlinear relationships. We
performed subgroup analyses to further analyze the associa-
tion between BMI category and 365-day all-cause mortality
of AKI. Modifications and interactions of subgroups were
evaluated using likelihood ratio tests.

The data were analyzed using the R software version 3.42
(http://www.R-project.org, The R Foundation) and Empow-
erStats version 2.17.8 (http://www.empowerstats.com, X&Y
Solutions, Inc., Boston, MA). P < 0.05 was considered statis-
tically significant, and all reported P values were two-sided.
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3. Results

3.1. Subject Characteristics. Characteristics of the participants
are displayed in Table 1. A total of 15,174 patients who met
the inclusion criteria were divided into groups according to
BMI. There were four groups: 378 patients were in the under-
weight group, 4,683 patients were in the normal group, 5,084
patients were in the overweight group, and 5,029 patients
were in the obese group. Obese patients were more likely to
be young and male; with faster respiratory rate and lower
SPO,; and with higher anion gap, bicarbonate, creatinine,
glucose, BUN, WBC, hematocrit, and hemoglobin levels, as
well as higher comorbidities of diabetes compared with
normal patients. Furthermore, obese patients had worse
SOFA scores, longer length of stay in the ICU, and lower
mortality than the normal-BMI patients.

3.2. BMI Values and Severity of AKI. In multivariate logistic
regression models (Table 2), adjusted for age, gender, and
ethnicity, overweight and obesity were significant predictors
of AKI stage III during ICU stay. The corresponding adjusted
ORs (95 CIs) for overweight and obese groups compared to
the normal group were 1.14 (1.05, 1.24) and 1.28 (1.18,
1.39), respectively. In model II, after adjusting for age,
gender, ethnicity, CHF, cardiac arrhythmias, valvular disease,
hypertension, uncomplicated diabetes, complicated diabetes,
renal failure, liver disease, metastatic cancer, coagulopathy,
alcohol abuse, drug abuse, anion gap, bicarbonate, glucose,
creatinine, chloride, hemoglobin, lactate, platelet, potassium,
APTT, PT, sodium, BUN, WBC, heart rate, SBP, respiratory
rate, temperature, SPO,, ICU length of stay, SOFA score, and
SAPSII score, we found that overweight and obesity
remained significant predictors of AKI stage III (OR, 95 CI:
1.17, 1.05-1.30; 1.32, 1.18-1.47, respectively). The under-
weight group was not independently associated with this
clinical endpoint. As a continuous variable, the relationship
between admission BMI values and AKI stage III was nearly
positively linear (Figure 1).

3.3. BMI Values and All-Cause Mortality of AKI. Covariates
were also adjusted in the Cox proportional hazards models
(Table 3). In the fully adjusted model (model II), covariates
were adjusted for age, gender, ethnicity, CHF, cardiac
arrhythmias, valvular disease, hypertension, uncomplicated
diabetes, complicated diabetes, renal failure, liver disease,
metastatic cancer, coagulopathy, alcohol abuse, anion gap,
bicarbonate, glucose, creatinine, chloride, lactate, potassium,
APTT, INR, BUN, WBC, heart rate, SBP, DBP, respiratory
rate, temperature, SPO,, ICU length of stay, AKI stage,
SOFA score, and SAPSII score. Overweight and obesity were
associated with significantly lower 30-day, 90-day, and 365-
day all-cause mortality than those of the normal group. The
corresponding adjusted HRs (95 Cls) for overweight patients
were 0.87 (0.77, 0.99), 0.84 (0.76, 0.93), and 0.80 (0.74, 0.88),
and those for obese patients were 0.87 (0.77, 0.98), 0.79
(0.71, 0.88), and 0.73 (0.66, 0.80), respectively. Similarly,
underweight was not independently associated with all-
cause mortality, and BMI was negatively correlated with
365-day all-cause mortality (Figure 2).

3.4. Subgroup Analyses. We conducted subgroup analyses to
investigate the stability of the associations between BMI
category and 365-day all-cause mortality (Table 4). There
were no interactions in most strata (P = 0.0546-0.9671). We
only observed significant interactions in potassium, lactate,
MBP, platelet, SBP, sodium, bicarbonate, and temperature
(P for interaction: 0.0005, 0.0008, 0.0019, 0.0041, 0.0074,
0.0100, 0.0121, and 0.0173, respectively). However, BMI
was a protective factor in all of these interactive stratifica-
tions, and as BMI increased, all-cause mortality in the
context of AKI decreased.

4. Discussion

We included a total of 15,174 patients. In multivariate analy-
sis, after adjusting for age, ethnicity, gender, and other con-
founding factors, overweight and obesity were associated
with increased risk of AKI stage III in critically ill patients,
as has previously been reported. However, overweight and
obesity were predictive of a relatively lower mortality risk in
these patients.

These findings suggest that clinicians should be aware of
the possibility of severe AKI in obese patients. Interestingly,
obesity is not necessarily an adverse risk factor in critically
ill patients with AKI, which is consistent with previously
reported survival benefits for critically ill patients with
obesity. Previous studies have shown a high morbidity of
AKI in critically ill patients during ICU stay [2, 32], while
the specific pathogenesis of AKI has remained unclear to
date. Obese patients have distinct risk factors for more
comorbidities, including hypertension, dyslipidemia, coro-
nary heart disease, and respiratory and cardiovascular failure
to present [33-35]. Weight loss after gastric bypass surgery
reduced long-term total mortality significantly and particu-
larly improved the prognosis of cancer, heart disease, and
diabetes [36, 37]. A retrospective study showed that obesity
was associated with increased development of AKI, and
increased BMI was associated with decreased mortality in
ARDS patients [23]. Another study demonstrated that
obesity was associated with short- and long-term survival
advantages in patients with sepsis [38]. Our findings in the
overweight and obese cohort were in accordance with these
two studies.

Studies on the pathophysiological mechanisms between
obesity and AKI are limited, but some progress has been
made, and the following possible mechanisms are currently
believed to exist. Obesity may result in renal compression,
leading to increased intrarenal pressure, decreased blood
flow to the loop of Henle, and ultimately renal injury [39,
40]. The renin angiotensin aldosterone system (RAAS) in
obese people is generally moderately activated, with
increased levels of angiotensin II (AnglI) and aldosterone
[34]. Low levels of Angll increase the reabsorption of
sodium by the peritubular capillary, exacerbating the
adverse effects of increased blood pressure. Angll increases
the hydrostatic pressure of the glomerulus, causing
decreased renal perfusion [41]. It has been suggested that
there might be an association between leptin and renal
injury. Leptin levels tended to be high in obese people, but
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TaBLE 1: Baseline characteristics of participants according to BMI category (N = 15174).
BMI (kg/m?)
Characteristic Underweight Normal Overweight Obese P value
<18.5 >18.5, <25 >25, <30 >30

Clinical parameters (n) 378 4683 5084 5029

BMI (kg/mz) 17.63 £0.58 22.46+1.73 27.38 £1.41 35.91+5.60 <0.001

Age (years) 87.05+71.09 81.42 +61.16 74.72 £ 47.22 66.80 +£31.95 <0.001

Gender, n (%) <0.001
Female 225 (59.52) 2000 (42.71) 1672 (32.89) 2056 (40.88)
Male 153 (40.48) 2683 (57.29) 3412 (67.11) 2973 (59.12)

Ethnicity, n (%) 0.023
White 260 (68.78) 3296 (70.38) 3658 (71.95) 3622 (72.02)
Black 46 (12.17) 414 (8.84) 405 (7.97) 452 (8.99)
Other 72 (19.05) 973 (20.78) 1021 (20.08) 955 (18.99)

SBP (mmHg) 116 +17 116 +17 116 £ 16 116 £ 16 0.501

DBP (mmHg) 59+11 59+11 59+ 10 59+19 0.001

MBP (mmHg) 76 + 11 77 £11 77 £ 11 76 £ 10 0.245

Heart rate (beats/minute) 87+16 86+ 15 86+ 15 87 +16 0.006

Respiratory rate (beats/minute) 19+4 19+4 18+4 19+4 <0.001

Temperature (°C) 36.7+£0.6 36.8+0.7 36.8+0.7 36.9+0.7 <0.001

SPO, 98+2.7 98 +2.3 97 +2.2 97+2.3 <0.001

Comorbidities, 7 (%)
Congestive heart failure 71 (18.78) 816 (17.42) 766 (15.07) 868 (17.26) 0.003
Cardiac arrhythmias 65 (17.20) 891 (19.03) 824 (16.21) 917 (18.23) 0.002
Valvular disease 28 (7.41) 332 (7.09) 241 (4.74) 263 (5.23) <0.001
Hypertension 55 (14.55) 749 (15.99) 815 (16.03) 824 (16.38) 0.794
Renal disease 75 (19.84) 907 (19.37) 977 (19.22) 973 (19.35) 0.994
Liver disease 29 (7.67) 352 (7.52) 349 (6.86) 410 (8.15) 0.109
Uncomplicated diabetes 38 (10.05) 784 (16.74) 1084 (21.32) 1556 (30.94) <0.001
Complicated diabetes 27 (7.14) 303 (6.47) 397 (7.81) 569 (11.31) <0.001
Metastatic cancer 20 (5.29) 189 (4.04) 179 (3.52) 127 (2.53) <0.001
Coagulopathy 68 (17.99) 711 (15.18) 740 (14.56) 712 (14.16) 0.145

Laboratory parameters
Anion gap (mmol/L) 12.94 +3.52 12.95+3.47 12.90 + 3.39 13.13+3.29 <0.001
Bicarbonate (mmol/L) 21.48 +5.64 21.61+£4.91 21.67 £4.48 22.20+4.91 <0.001
Creatinine (mEq/L) 1.38 £1.38 1.50 £ 1.66 1.49+1.57 1.56 +1.54 <0.001
Chloride (mmol/L) 101.98 £7.75 102.15+6.51 102.61 £ 6.17 102.03 £ 6.04 0.079
Glucose (mg/dL) 132.99 +40.54 136.06 +40.48 141.39 £ 42.31 148.23 +45.24 <0.001
Hematocrit 27.93+6.11 27.69 +6.17 28.09+6.18 28.68 +6.25 <0.001
Hemoglobin (g/dL) 9.35+2.01 9.37+2.12 9.52+2.14 9.67 +2.14 <0.001
Platelet (109/L) 211.58 £127.66 188.25 £ 112.69 181.20 £ 101.84 188.18 £101.33 <0.001
Sodium (mmol/L) 136.16 £ 6.05 135.72 £ 5.07 135.77 £ 4.56 135.96 +4.84 0.005
Potassium (mmol/L) 3.72+0.60 3.71+£0.56 3.73+0.55 3.79+0.57 <0.001
Lactate (mmol/L) 1.74+0.95 1.76 £1.29 1.73+1.27 1.76 £ 1.19 0.130
BUN (mg/dL) 26.59 +21.97 26.39 +21.27 26.03 +20.38 28.21+21.77 <0.001
WBC (109/L) 10.29 £ 6.38 10.40 +6.73 10.77 £11.30 11.00 +6.50 <0.001
PT (seconds) 14.89 +£3.98 14.94 +4.54 14.97 +4.79 15.14 +4.82 0.002
APTT (seconds) 33.71+13.12 33.56 +12.80 32.90+12.48 31.67 £10.99 <0.001
INR 1.37+0.54 1.38 £0.63 1.38 £ 0.61 1.40 £ 0.65 0.009
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TaBLE 1: Continued.

BMI (kg/m?)

Characteristic Underweight Normal Overweight Obese P value
<18.5 >18.5, <25 >25, <30 =30
Scoring systems
SOFA 4.92 +£2.96 5.17+3.19 531+£3.23 5.57+3.34 <0.001
SAPSII 40.85+13.49 39.71£13.94 38.87 £13.80 38.71 £14.22 <0.001
Alcohol abuse 15 (3.97) 277 (5.92) 307 (6.04) 317 (6.30) 0.307
Drug abuse 11 (2.91) 166 (3.54) 136 (2.68) 119 (2.37) 0.005
ICU LOS (day) 5.79+6.59 5.96+7.70 6.07 +£8.14 6.65 +8.31 <0.001
AKI stage <0.001
I 98 (25.93) 1079 (23.04) 1119 (22.01) 920 (18.29)
i 81 (21.43) 786 (16.78) 749 (14.73) 811 (16.13)
11 199 (52.65) 2818 (60.18) 3216 (63.26) 3298 (65.58)
30-day mortality, 1 (%) 71 (18.78) 812 (17.34) 687 (13.51) 667 (13.26) <0.001
90-day mortality, n (%) 123 (32.54) 1155 (24.66) 982 (19.32) 923 (18.35) <0.001
365-day mortality, n (%) 177 (46.83) 1632 (34.85) 1363 (26.81) 1260 (25.05) <0.001

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood pressure; BUN: blood urea nitrogen; WBC: white blood
cell; PT: prothrombin time; APTT: activated partial thromboplastin time; INR: international normalized ratio; SOFA: sequential organ failure assessment;
SAPSIL: simplified acute physiology score II; ICU: intensive care unit; LOS: length of stay; AKI: acute kidney injury.

TaBLE 2: Relationship between BMI and AKI stage III in different models.

Variable Crude model Model I Model IT
OR (95 ClIs) P value OR (95 CIs) P value OR (95 CIs) P value

BMI (kg/mz) 1.02 (1.01, 1.02) <0.0001 1.02 (1.02, 1.03) <0.0001 1.02 (1.02, 1.03) <0.0001
BMI (category) (kg/mz)

<18.5 0.74 (0.60, 0.91) 0.0042 0.74 (0.60, 0.91) 0.0048 0.78 (0.59, 1.03) 0.0828

>18.5, <25 1.0 (ref) 1.0 (ref) 1.0 (ref)

>25, <30 1.14 (1.05, 1.24) 0.0017 1.14 (1.05, 1.24) 0.0013 1.17 (1.05, 1.30) 0.0055

>30 1.26 (1.16, 1.37) <0.0001 1.28 (1.18, 1.39) <0.0001 1.32 (1.18, 1.47) <0.0001

OR: odds ratio; CI: confidence interval. Models were derived from logistic multivariate regression models. The crude model was adjusted for none. The Adjust I
model was adjusted for age, gender, and ethnicity. The Adjust II model was adjusted for age, gender, ethnicity, congestive heart failure, cardiac arrhythmias,
valvular disease, hypertension, uncomplicated diabetes, complicated diabetes, renal failure, liver disease, metastatic cancer, coagulopathy, alcohol abuse,
drug abuse, anion gap, bicarbonate, glucose, creatinine, chloride, hemoglobin, lactate, platelet, potassium, APTT, PT, sodium, BUN, WBC, heart rate,
systolic blood pressure, respiratory rate, temperature, SPO,, ICU length of stay, SAPSII, and SOFA.
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F1GURE 1: The relationship between BMI values and AKI stage III.
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dropped rapidly after fasting [42]. Patients with chronic
kidney disease (CKD) had elevated leptin due to reduce
plasma clearance [43]. Studies have shown that these high
levels of leptin might in turn lead to faster declines in
renal clearance both through the direct effects of nephron
disruption and indirect effects through inflammatory
responses [44].

Recently, the findings on obesity and prognosis of
disease have been challenged, and the obesity paradox has
been hotly debated. This paradox is characterized by obser-
vations that some adverse outcomes occur less frequently in
overweight or obese people than in those with normal
weight. Nevertheless, it is unclear whether this phenome-
non is definitive, as the underlying mechanisms remain
poorly understood. In our final regression model, after
adjusting for relevant confounders, the survival benefits of
overweight and obese patients remained substantial.
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TaBLE 3: HRs (95 CIs) for mortality across groups of BMI.

Variable Crude model Model I Model I
HR (95 Cls) P value HR (95 CIs) P value HR (95 CIs) P value
30-day all-cause mortality
BMI (kg/mz) 0.98 (0.98, 0.99) <0.0001 0.99 (0.98, 0.99) 0.0002 0.99 (0.98, 1.00) 0.0092
BMI (category) (kg/m?)
<18.5 1.16 (0.95, 1.42) 0.1438 1.14 (0.93, 1.39) 0.2147 0.96 (0.75, 1.22) 0.7228
>18.5, <25 1.0(ref) 1.0(ref) 1.0(ref)
>25, <30 0.77 (0.69, 0.85) <0.0001 0.80 (0.72, 0.89) <0.0001 0.87 (0.77, 0.99) 0.0287
>30 0.74 (0.67, 0.82) <0.0001 0.80 (0.72, 0.88) <0.0001 0.87 (0.77, 0.98) 0.0250
90-day all-cause mortality
BMI (kg/mz) 0.98 (0.97, 0.98) <0.0001 0.98 (0.98, 0.99) <0.0001 0.98 (0.98, 0.99) <0.0001
BMI (category) (kg/m?)
<18.5 1.31 (1.11, 1.54) 0.0012 1.29 (1.10, 1.52) 0.0021 1.05 (0.86, 1.28) 0.6311
>18.5, <25 1.0(ref) 1.0(ref) 1.0(ref)
>25, <30 0.76 (0.70, 0.83) <0.0001 0.79 (0.72, 0.86) <0.0001 0.84 (0.76, 0.93) 0.0012
>30 0.72 (0.66, 0.78) <0.0001 0.77 (0.71, 0.84) <0.0001 0.79 (0.71, 0.88) <0.0001
365-day all-cause mortality
BMI (kg/mz) 0.97 (0.97, 0.98) <0.0001 0.98 (0.97, 0.98) <0.0001 0.98 (0.97, 0.98) <0.0001
BMI (category) (kg/m?)
<18.5 1.40 (1.23, 1.60) <0.0001 1.38 (1.21, 1.58) <0.0001 1.16 (0.98, 1.36) 0.0878
>18.5, <25 1.0(ref) 1.0(ref) 1.0 (ref)
>25, <30 0.73 (0.68, 0.79) <0.0001 0.76 (0.71, 0.82) <0.0001 0.80 (0.74, 0.88) <0.0001
>30 0.68 (0.63, 0.73) <0.0001 0.73 (0.68, 0.79) <0.0001 0.73 (0.66, 0.80) <0.0001

HR: hazard ratio; CI: confidence interval. Models were derived from the Cox proportional hazards regression models. The crude model was adjusted for none.
The Adjust I model was adjusted for age, gender, and ethnicity. The Adjust IT model was adjusted for age, gender, ethnicity, congestive heart failure, cardiac
arrhythmias, valvular disease, hypertension, uncomplicated diabetes, complicated diabetes, renal failure, liver disease, metastatic cancer, coagulopathy,
alcohol abuse, anion gap, bicarbonate, glucose, creatinine, chloride, lactate, potassium, activated partial thromboplastin time, international normalized ratio,
blood urea nitrogen, white blood cell, heart rate, systolic blood pressure, diastolic blood pressure, respiratory rate, temperature, SPO,, ICU length of stay,

AKI stage, SAPSIL, and SOFA.
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FiGure 2: The relationship between BMI values and 365-day
mortality of AKI.

Niedziela et al. demonstrated that, in episodes of high cat-
abolic responses in critical illness, the nutritional reserve
level of obese people and the corresponding increase of
energy supply may be crucial for improving the outcome

of AKI [45]. Furthermore, adipocytes release adipokine
and inflammatory cytokines, including interleukin-10 and
interleukin-18, possibly alleviating harmful immune
responses, thereby helping to improve survival in critical ill-
ness [46]. Obese patients are more likely to receive attention
from medical staff, and because of their predisposition to
complications and defective physiological reserves, they tend
to be treated earlier and more aggressively [47].

Our study has several limitations. First, as a retrospec-
tive single-center analysis, bias was inevitable; this may
have affected the results to some extent. Second, we did
not evaluate indicators of obesity other than BMI, and
whether a high BMI value is necessarily indicative of obe-
sity. These uncertainties may have effects on our conclu-
sions. Third, the weight data used to calculate BMI were
actual weight of the first day, which might lead to biases
as critically ill related fluid retention could not be ignored.
Fourth, because of the lack of renal function data before
ICU admission, we were unable to assess the CKD status
among patients with AKI. Fifth, we did not consider the
timing of AKI. Finally, our study only tested associations,
not internal mechanisms; therefore, further studies, are
needed to confirm this relationship.
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TABLE 4: Subgroup analysis of the associations between BMI category and 365-day all-cause mortality.

BMI (kg/m?)

No. of patients P for interaction

<18.5 >18.5, <25 >25, <30 >30
CHEF 0.9671
No 12653 1.44 (1.21, 1.73) 1.0 (ref) 0.74 (0.68,0.81) 0.73 (0.67, 0.79)
Yes 2521 1.15(0.85,1.57) 1.0 (ref)  0.87 (0.75,0.99) 0.69 (0.60, 0.80)
Cardiac arrhythmias 0.1640
No 12477 147 (1.23,1.76) 1.0 (ref)  0.74 (0.68, 0.81) 0.72 (0.66, 0.79)
Yes 2697 1.18 (0.85,1.62) 1.0 (ref)  0.85 (0.75,0.97) 0.71 (0.62, 0.81)
Valvular disease 0.2122
No 14310 1.48 (1.26, 1.73) 1.0 (ref) 0.77 (0.71, 0.83)  0.74 (0.68, 0.80)
Yes 864 0.61(0.33,1.13) 1.0 (ref)  0.87 (0.68, 1.10) 0.71 (0.55, 0.91)
Hypertension 0.3760
No 12731 139 (1.17, 1.65) 1.0 (ref)  0.74 (0.68, 0.81)  0.73 (0.67, 0.80)
Yes 2443 136 (0.95,1.95) 1.0 (ref)  0.83 (0.71,0.96) 0.70 (0.59, 0.82)
Uncomplicated diabetes 0.4680
No 11712 137 (116, 1.62) 1.0 (ref)  0.78 (0.72, 0.85) 0.77 (0.71, 0.84)
Yes 3462 1.45(0.94,2.23) 1.0 (ref)  0.68 (0.58,0.80) 0.61 (0.52, 0.71)
Complicated diabetes 0.5448
No 13878 1.34 (1.14,1.58) 1.0 (ref)  0.75 (0.70, 0.81) 0.73 (0.67, 0.78)
Yes 1296 1.93 (1.13,327) 1.0 (ref)  0.86 (0.67, 1.10) 0.74 (0.58, 0.94)
Metastatic cancer 0.1714
No 14659 140 (1.19, 1.64) 1.0 (ref)  0.76 (0.70, 0.82)  0.74 (0.69, 0.80)
Yes 515 0.87 (0.51,1.48) 1.0 (ref)  0.82 (0.64, 1.04) 0.82 (0.62, 1.07)
Coagulopathy 0.1361
No 12943 1.38 (1.16, 1.65) 1.0 (ref)  0.74 (0.68, 0.81) 0.69 (0.63, 0.75)
Yes 2231 1.32 (0.95,1.83) 1.0 (ref)  0.88 (0.75, 1.03) 0.97 (0.83, 1.13)
Renal disease 0.1568
No 12242 139 (116, 1.67) 1.0 (ref)  0.74 (0.68, 0.81) 0.74 (0.68, 0.81)
Yes 2932 126 (092, 1.72) 1.0 (ref)  0.82 (0.72,0.94) 0.68 (0.59, 0.78)
Liver disease 0.0794
No 14034 1.40 (1.19, 1.65) 1.0 (ref)  0.76 (0.70, 0.82) 0.71 (0.66, 0.77)
Yes 1140 1.07 (0.61,1.90) 1.0 (ref)  0.89 (0.70, 1.12)  0.92 (0.74, 1.16)
Alcohol abuse 0.1953
No 14258 136 (116, 1.59) 1.0 (ref)  0.75 (0.70, 0.81)  0.71 (0.66, 0.77)
Yes 916 1.70 (0.74,3.95) 1.0 (ref)  0.99 (0.71, 1.38) 1.18 (0.86, 1.63)
Drug abuse 0.2702
No 14742 1.39 (1.19,1.63) 1.0 (ref)  0.77 (0.71,0.82) 0.73 (0.67, 0.78)
Yes 432 0.60 (0.14, 2.51) 1.0 (ref)  0.56 (0.33, 0.94) 0.80 (0.49, 1.31)
Heart rate (beats/minute) 0.0775
<85 7600 121 (0.95,1.53) 1.0 (ref)  0.71 (0.64, 0.79) 0.73 (0.65, 0.81)
>85 7548 152 (124, 1.87) 1.0 (ref)  0.82 (0.74,0.91) 0.74 (0.67, 0.82)
SBP (mmHg) 0.0074
<114 7585 1.22(0.98,1.51) 1.0 (ref)  0.81 (0.74,0.90) 0.78 (0.71, 0.86)
>114 7551 1.56 (1.25, 1.95) 1.0 (ref) 0.70 (0.62,0.78) 0.67 (0.60, 0.75)
DBP (mmHg) 0.2996
<58 7595 127 (102, 1.58) 1.0 (ref)  0.82 (0.74, 0.90) 0.79 (0.71, 0.87)
>58 7540 148 (1.19, 1.84) 1.0 (ref)  0.70 (0.62,0.78)  0.67 (0.60, 0.74)
MBP (mmHg) 0.0019
<75 7591 127 (102, 1.58) 1.0 (ref)  0.82 (0.74, 0.90) 0.78 (0.71, 0.87)
>75 7557 1.49 (1.19,1.85) 1.0 (ref)  0.70 (0.63, 0.78)  0.67 (0.60, 0.75)
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BMI (kg/m?)

No. of patients P for interaction

<18.5 >18.5, <25 >25, <30 >30

Respiratory rate (beats/minute) 0.0546
<18 7607 1.41 (1.10, 1.80) 1.0 (ref) 0.71 (0.63,0.79) 0.73 (0.65, 0.82)
>19 7531 1.32 (1.08, 1.61) 1.0 (ref) 0.80 (0.73,0.88) 0.69 (0.63, 0.76)

Temperature ("C) 0.0173
<36.8 7315 127 (1.04, 1.54) 1.0 (ref)  0.76 (0.69, 0.84) 0.77 (0.70, 0.85)
>36.8 7326 1.56 (1.20,2.02) 1.0 (ref)  0.78 (0.70,0.88) 0.71 (0.63, 0.80)

SPO, 0.1292
<98 7547 1.24 (0.98, 1.56) 1.0 (ref) 0.71 (0.64, 0.78)  0.63 (0.57, 0.69)
>98 7599 1.54 (1.25, 1.90) 1.0 (ref) 0.80 (0.72,0.89) 0.80 (0.71, 0.90)

Anion gap (mmol/L) 0.2197
<13 7128 1.62 (1.28,2.04) 1.0 (ref)  0.68 (0.61,0.77) 0.69 (0.61, 0.79)
>13 7551 127 (1.02,1.57) 1.0 (ref)  0.81 (0.74,0.89) 0.72 (0.66, 0.79)

Bicarbonate (mg/dL) 0.0121
<22 6609 120 (0.97, 1.49) 1.0 (ref)  0.82 (0.74, 0.90) 0.82 (0.74, 0.91)
>22 8470 1.58 (1.26, 1.98) 1.0 (ref) 0.71 (0.64, 0.79) 0.67 (0.60, 0.74)

Creatinine (mEq/L) 0.4265
<1.0 6950 1.68 (1.32, 2.14) 1.0 (ref) 0.72 (0.64, 0.82)  0.65 (0.56, 0.74)
>1.0 8188 1.21 (0.99, 1.48) 1.0 (ref)  0.74 (0.68,0.81) 0.67 (0.61, 0.73)

BUN (mg/dL) 0.6121
<20 7467 1.83 (1.41,2.36) 1.0 (ref)  0.71 (0.62, 0.81) 0.64 (0.56, 0.74)
>20 7669 1.13 (0.93, 1.38) 1.0 (ref) 0.78 (0.71, 0.85)  0.70 (0.64, 0.76)

WBC (10°/L) 0.8296
<9.6 7477 1.35 (1.09, 1.68) 1.0 (ref) 0.74 (0.67,0.82) 0.74 (0.66, 0.82)
>9.6 7587 143 (1.14, 1.79) 1.0 (ref)  0.77 (0.70, 0.86)  0.71 (0.65, 0.79)

Hematocrit 0.1928
<2738 7577 157 (1.26,1.94) 1.0 (ref)  0.79 (0.71, 0.87) 0.79 (0.71, 0.88)
>27.8 7562 1.19 (0.95,1.49) 1.0 (ref)  0.74 (0.66, 0.81) 0.67 (0.61, 0.74)

Hemoglobin (g/dL) 0.1746
<94 7558 1.51 (1.23, 1.86) 1.0 (ref) 0.78 (0.70, 0.86)  0.77 (0.69, 0.85)
>9.4 7565 1.21 (0.95, 1.52) 1.0 (ref) 0.75 (0.67,0.83) 0.69 (0.62, 0.77)

Platelet (10°/L) 0.0041
<169 7599 135 (106, 1.71) 1.0 (ref)  0.73 (0.66, 0.81) 0.80 (0.72, 0.88)
>169 7497 141 (1.14, 1.73) 1.0 (ref)  0.80 (0.72, 0.89)  0.67 (0.60, 0.75)

Potassium (mmol/L) 0.0005
<3.7 6825 1.45 (1.15, 1.84) 1.0 (ref) 0.79 (0.70, 0.88)  0.85 (0.76, 0.95)
>3.7 8322 132 (1.07,1.63) 1.0 (ref)  0.74 (0.67,0.81) 0.64 (0.58, 0.70)

Sodium (mmol/L) 0.0100
<136 6723 132 (1.04, 1.67) 1.0 (ref)  0.82 (0.74, 0.91) 0.78 (0.70, 0.88)
>136 8422 140 (1.14, 1.72) 1.0 (ref)  0.72 (0.65,0.79)  0.69 (0.62, 0.76)

Chloride (mmol/L) 0.2410
<103 7245 1.29 (1.05, 1.59) 1.0 (ref) 0.80 (0.73,0.88) 0.70 (0.64, 0.78)
>103 7857 143 (1.13,1.81) 1.0 (ref)  0.75 (0.67, 0.83) 0.76 (0.68, 0.85)

PT (seconds) 0.3228
<13.9 6958 141 (111, 1.80) 1.0 (ref)  0.71 (0.64, 0.80) 0.62 (0.55, 0.71)
>13.9 7255 130 (1.04, 1.63) 1.0 (ref)  0.79 (0.71,0.87) 0.79 (0.72, 0.87)

APTT (seconds) 0.2013
<30 7046 1.35 (1.04, 1.74) 1.0 (ref) 0.76 (0.68,0.85) 0.67 (0.60, 0.76)
>30 7144 1.36 (1.10, 1.68) 1.0 (ref) 0.76 (0.69, 0.84) 0.83 (0.75, 0.92)
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No. of patients

BMI (kg/m?)

P for interaction

<18.5 >18.5, <25 >25, <30 >30

INR 0.1598
<1.2 4638 1.36 (1.03, 1.81) 1.0 (ref) 0.67 (0.58,0.77) 0.58 (0.49, 0.67)
>1.2 9576 1.36 (1.12,1.67) 1.0 (ref)  0.79 (0.73,0.86) 0.78 (0.72, 0.86)

Lactate (mmol/L) 0.0008
<14 4791 158 (1.19,2.11) 1.0 (ref)  0.71 (0.62, 0.81) 0.62 (0.53, 0.71)
>14 5768 1.26 (1.00, 1.58) 1.0 (ref)  0.87 (0.78, 0.97) 0.84 (0.75, 0.93)

Glucose (mg/dL) 0.4116
<132 7567 1.49 (1.22, 1.84) 1.0 (ref) 0.68 (0.61, 0.76)  0.70 (0.62, 0.78)
>132 7553 1.25(0.99,1.59) 1.0 (ref)  0.81 (0.74, 0.90) 0.72 (0.65, 0.79)

SOFA score 0.5211
<5 6918 1.49 (1.18,1.89) 1.0 (ref)  0.78 (0.69, 0.88) 0.61 (0.54, 0.70)
>5 8256 134 (1.09, 1.64) 1.0 (ref)  0.74 (0.68, 0.81)  0.75 (0.69, 0.82)

SAPSII score 0.0768
<37 7070 1.75(1.30,2.35) 1.0 (ref)  0.72 (0.62, 0.83) 0.67 (0.58, 0.77)
>37 8104 1.22 (1.02,1.47) 1.0 (ref)  0.79 (0.73,0.86) 0.77 (0.70, 0.84)

CHEF: congestive heart failure; SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood pressure; BUN: blood urea nitrogen; WBC: white
blood cell; PT: prothrombin time; APTT: activated partial thromboplastin time; INR: international normalized ratio; SOFA: sequential organ failure assessment;
SAPSIL: simplified acute physiology score II. HRs (95 Cls) were derived from the Cox proportional hazards regression models.

5. Conclusions

In this large cohort, we found that BMI was independently
associated with severity and all-cause mortality of critically
ill patients with AKIL. Overweight and obesity were associated
with increased risk of AKI stage III; however, they were pre-
dictive of a relatively lower mortality risk in these patients.
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