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ABSTRACT
Objective: Obesity is associated with increased risk of
diabetes, hypertension and cardiovascular mortality.
Several studies have reported increased length of
hospital stay and complications; however, there are
also reports of obesity having a protective effect on
health, a phenomenon coined the ‘obesity paradox’.
We aimed to investigate the impact of overweight and
obesity on complications and mortality in hospitalized
patients with hyperglycemia and diabetes.
Research design and methods: This retrospective
analysis was conducted on 29 623 patients admitted to
two academic hospitals in Atlanta, Georgia, between
January 2012 and December 2013. Patients were
subdivided by body mass index into underweight
(body mass index <18.5 kg/m2), normal weight
(18.5–24.9 kg/m2), overweight (25–29.9 kg/m2) and
obese (>30 kg/m2). Hyperglycemia was defined as a
blood glucose >10 mmol/L during hospitalization.
Hospital complications included a composite of
pneumonia, acute myocardial infarction, respiratory
failure, acute kidney injury, bacteremia and death.
Results: A total of 4.2% were underweight, 29.6%
had normal weight, 30.2% were overweight, and 36%
were obese. 27.2% of patients had diabetes and 72.8%
did not have diabetes (of which 75% had
hyperglycemia and 25% had normoglycemia during
hospitalization). A J-shaped curve with higher rates of
complications was observed in underweight patients in
all glycemic groups; however, there was no significant
difference in the rate of complications among normal
weight, overweight, or obese patients, with and without
diabetes or hyperglycemia.
Conclusions: Underweight is an independent
predictor for hospital complications. In contrast,
increasing body mass index was not associated with
higher morbidity or mortality, regardless of glycemic
status. There was no evidence of an obesity paradox
among inpatients with diabetes and hyperglycemia.

INTRODUCTION
Obesity and diabetes mellitus are major
burdens on the US healthcare system.
Despite public health efforts, over two-thirds

of US adults were overweight or obese in
2011–2012.1 Similarly, the worldwide preva-
lence of obesity has more than doubled
since 1980 and according to the WHO, more
than 1.9 billion adults aged 18 years and
above (38% of men and 40% of women)
were overweight in 2014.2 Several studies
have reported on the negative impact of
obesity on health, including increased risk of
diabetes, hypertension, dyslipidemia, cardio-
vascular disease, osteoarthritis, cancer, and
overall mortality.3–6 Despite the known nega-
tive health effects of obesity, recent prospect-
ive studies have reported a U-shaped or
J-shaped relationship between body mass
index (BMI) and mortality, with lower mor-
tality rates observed in individuals with
higher BMI compared to lower BMI.7–12 This
phenomenon has been coined the ‘obesity
paradox’ and has been recognized in several
conditions, including cardiovascular8 11 12

and kidney disease.10

A large body of evidence suggests that the
presence of hyperglycemia in hospitalized
patients with and without diabetes is asso-
ciated with poor clinical outcomes.13–20

Inpatient hyperglycemia has been associated
with increased risk of complications, longer
hospital stay, higher admission rates to inten-
sive care and death.13–19 In general medicine

Key messages

▪ Underweight status was found to be an inde-
pendent predictor for inpatient complications.

▪ Obesity was not associated with a higher mor-
bidity or mortality in hospitalized patients when
compared to normal weight, regardless of
glycemic status.

▪ No ‘obesity paradox’ was observed in the hos-
pital setting among patients with diabetes and
hyperglycemia.
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and surgery patients, hyperglycemia has also been asso-
ciated with a higher risk of postoperative infection, pro-
longed hospital stay and a higher chance of requiring
nursing home care after discharge.14 17 21 22

Few studies have investigated the association between
BMI and clinical outcomes in hospitalized patients. In
the surgical population, mixed results have been
reported with some studies showing longer operation
times, increased length of stay, and worse perioperative
outcomes,23–26 while other studies have shown improved
operative outcomes and mortality.9 27 Numerous studies
in medicine patients have also reported a protective
effect against morbidity and mortality, suggesting the
presence of an obesity paradox.7 8 10–12 Despite the lack
of consensus on the association between obesity and hos-
pital complications, obese patients are generally consid-
ered to be at higher risk of complications compared to
their normal weight counterparts. Given the high preva-
lence of diabetes, hyperglycemia, and obesity in hospita-
lized patients and the inconsistencies in evidence
regarding their impact on hospital outcomes, we per-
formed an observational database analysis investigating
the interplay between obesity and hyperglycemia and its
impact on hospital outcomes.

METHODS
We reviewed the medical records of 29 623 patients
admitted to Emory University Hospital and Emory
Midtown Hospital between January 2012 and December
2013. Patients were subdivided by BMI into categories of
underweight (BMI <18.5 kg/m2), normal weight (BMI
18.5–24.9 kg/m2), overweight (BMI 25–29.9 kg/m2),
obesity grade 1 (BMI 30–34.9 kg/m2), obesity grade 2
(BMI 35–39.9 kg/m2), and obesity grade 3 (BMI
>40 kg/m2). Patients were categorized according to gly-
cemic status into diabetes, no diabetes with hypergly-
cemia, and no diabetes with normoglycemia.
Hyperglycemia was defined as a maximum blood
glucose (BG) >10 mmol/L. We excluded patients who
were undergoing outpatient procedures, had an admis-
sion glucose >22 mmol/L, ICD-9 diagnoses for diabetic
ketoacidosis, hyperosmolar hyperglycemic state and end-
stage renal disease. Patients with an estimated glomeru-
lar filtration rate <15 mL/min were also excluded.
Patient information was obtained from the Clinical

Data Warehouse infrastructure programme from the
Emory University Hospital electronic health record and
billing systems. The following variables were extracted
for each patient: age at admission, gender, race, BMI,
history of diabetes, admission service (medicine vs
surgery), intensive care unit (ICU) treatment, comorbid-
ities, hospital complications, insulin usage and glucose
measures on admission and during hospitalization.
Admission diagnoses were extracted using ICD-9 codes
and were categorized into the following groups: cardio-
vascular, gastrointestinal, endocrinology, rheumatology,
hematology/oncology, infectious, neurology, pulmonary,

renal and miscellaneous disorders. Diagnosis of diabetes
mellitus, complications, and comorbidities were identi-
fied based on ICD-9 codes except for acute kidney
injury (AKI). AKI was determined by a rise in serum cre-
atinine of 50% during hospitalization, above the admis-
sion value. ICD-9 codes necessary to calculate Charlson
comorbidity index28 were evaluated in order to take into
account severity of illness.28 Hospital complications
included a composite of mortality, pneumonia, acute
myocardial infarction, respiratory failure, AKI and bac-
teremia. Comorbidities were determined using ICD-9
codes for the following chronic conditions: coronary
artery disease, hypertension, chronic kidney disease,
malignancy, chronic obstructive pulmonary disease and
dyslipidemia. Since some patients had multiple hospitali-
zations, only the first hospitalization during the study
time period was included in the analyses.

Statistical analysis
The primary objective of the study was to determine the
association between BMI and in-hospital composite of
complications and mortality by diabetes/glycemic status.
We examined the association via logistic regression
models. In unadjusted and adjusted analyses, BMI was
included as a categorical variable (<18.5, 18.5–24.9 (ref-
erence group) compared to 25–29.9, 30–34.9, 35–39.9,
and ≥40 kg/m2). In the adjusted analysis, we sequen-
tially added demographics including age, gender, and
race, and then clinical characteristics including
comorbidities, hospital setting (ICU vs non-ICU), admis-
sion service (medicine vs surgery), admission diagnosis,
Charlson comorbidity index and admission glucose into
the models.
Inpatient complications, demographics and comorbid-

ities were compared across different BMI and glycemic
groups. Continuous variables were compared using ana-
lysis of variance or Kruskal-Wallis test and expressed as
mean±SD or median (IQR). Categorical variables were
compared by χ2 test and expressed as frequency and
proportion. All the analyses were also performed in
patients with diabetes and in patients without diabetes
with normoglycemia and hyperglycemia.
Hosmer-Lemeshow test was applied to examine the fit of
all the models. A two-tailed p<0.05 was considered to be
statistically significant. Statistical analyses were per-
formed with the Statistical Analysis System, V.9.4 (SAS
Institute, Cary, North Carolina, USA).

RESULTS
The study population included 29 623 patients. Of
them, 1235 patients were underweight (4.2%), 8743
normal (29.6%), 8960 overweight (30.2%), 5665 obesity
grade 1 (19.1%), 2734 obesity grade 2 (9.2%) and 2276
obesity grade 3 (7.7%). There were 8046 (27.2%)
patients with diabetes and 21 577 (72.8%) without dia-
betes. Of the patients without diabetes, 5368 (25%)
were hyperglycemic and 16 209 (75%) were
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Table 1 Patient demographics by BMI and glycemic status

Patients with diabetes

(n=8046)

Underweight

(n=227)

Normal BMI

(n=1697)

Overweight

(n=2137)

Obese grade 1

(n=1900)

Obese grade 2

(n=1105)

Obese grade 3

(n=980) p Value

Age, years 62.1±17.8 66.2±16.1 66.1±13.1 63.9±12.6 61.3±12.1 56.4±13.4 <0.0001

Male, n (%) 112 (49.3) 918 (54.1) 1242 (58.1) 1002 (52.7) 483 (43.7) 317 (32.3) <0.0001

African-American, n (%) 134 (59.0) 842 (49.6) 947 (44.3) 872 (45.9) 550 (49.8) 550 (56.1) <0.0001

BMI, kg/m2 16.8±1.5 22.3±1.8 27.5±1.4 32.4±1.5 37.3±1.4 45.6±4.7 <0.0001

BG at admission, mmol/L 8.8±3.8 9.0±3.6 9.1±3.3 9.4±3.4 9.7±3.4 9.9±3.6 <0.0001

Mean in-hospital BG, mmol/L 8.1±2.4 8.5±2.4 8.6±2.2 9.0±2.4 9.1±2.3 9.2±2.6 <0.0001

Maximum hospital BG, mmol/L 15.1±7.5 15.1±7.3 14.9±6.7 15.1±6.4 15.2±5.8 15.1±6.1 0.82

Insulin treatment, n (%) 138 (60.8) 1152 (67.9) 1550 (72.5) 1476 (77.7) 901 (81.5) 767 (78.3) <0.0001

Length of stay, median, days 5.0 (3.0–9.0) 5.0 (3.0–8.0) 4.0 (2.0–8.0) 4.0 (2.0–7.0) 4.0 (2.0–7.0) 4.0 (2.0–8.0) <0.0001

Patients without diabetes

(n=21 577)

Underweight

(n=1008)

Normal BMI

(n=7056)

Overweight

(n=6823)

Obese grade 1

(n=3765)

Obese grade 2

(n=1629)

Obese grade 3

(n=1296) p Value

Age at admission, years 58.4±19.5 59.6±18.4 60.2±15.3 58.0±14.8 55.2±14.0 50.7±14.0 <0.0001

Male, n (%) 417 (41.4) 3481 (49.3) 3844 (56.3) 1876 (49.8) 654 (40.1) 382 (29.5) <0.0001

African-American, n (%) 428 (42.5) 2244 (31.8) 2045 (30.0) 1313 (34.9) 699 (42.9) 701 (54.1) <0.0001

BMI, kg/m2 16.7±1.6 22.3±1.8 27.4±1.4 32.2±1.4 37.2±1.4 45.2±4.6 <0.0001

BG at admission, mmol/L 6.5±1.9 6.7±1.8 6.9±1.9 7.1±2.0 7.2±2.1 7.1±2.0 <0.0001

Mean in-hospital BG, mmol/L 6.3±1.2 6.4±1.2 6.7±1.3 6.8±1.4 6.9±1.4 6.8±1.4 <0.0001

Maximum hospital BG, mmol/L 9.3±4.9 8.8±4.2 8.9±3.9 9.1±4.4 9.3±4.4 9.1±3.9 <0.0001

Insulin treatment, n (%) 205 (20.3) 1339 (19.0) 1449 (21.2) 832 (22.1) 387 (23.8) 304 (23.5) <0.0001

Length of stay, median days 5.0 (3.0–10.0) 4.0 (2.0–7.0) 4.0 (2.0–7.0) 4.0 (2.0–7.0) 3.0 (2.0–6.0) 3.5 (2.0–7.0) <0.0001

BG, blood glucose; BMI, body mass index.
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normoglycemic during their hospital stay. Patient demo-
graphics and clinical characteristics by glycemic status
and BMI are shown in table 1. Patients with diabetes
tended to be older than patients without diabetes, but
patients with obesity grade 3 were younger than those of
other BMI categories (see table 1). There was a relatively
even ratio of male to female patients, except for those
with obesity grade 3 who were more likely to be women.
There were also more African-American patients with
diabetes when compared to those without diabetes, par-
ticularly among normal BMI, overweight and obesity
grade 1 patients. Among patients with diabetes, admis-
sion and mean BG were lower in underweight patients
than in higher BMI groups; however, there was no sig-
nificant difference in the maximum in-hospital BG
across all BMI groups.
Patient comorbidities by BMI are shown in table 2.

Obese patients had significantly higher rates of pre-
existing coronary artery disease, hypertension, and
hyperlipidemia. However, chronic obstructive coronary
disease and malignancy were more frequently seen in
the lower BMI groups, in patients with and without
diabetes.
Figure 1 shows the rate of in-hospital complications

and mortality across BMI and glycemic groups.
Hyperglycemic patients with and without diabetes had
higher rates of hospital complications compared to
normoglycemic patients without diabetes. In unadjusted
analysis, a J-shaped curve was observed with higher rates
of hospital complications and mortality in underweight
patients. In multivariate analyses adjusted for patient
demographics and clinical characteristics including
comorbidities, severity of illness, admission diagnosis,
hospital setting (ICU vs no ICU), and service (medicine
vs surgery), we found that being underweight was inde-
pendently associated with higher rates of composite
complications among all patients (table 3). When strati-
fying by glycemic status, only patients without diabetes

Table 2 Prevalence of comorbidities by BMI and diabetes status

Underweight Normal BMI Overweight

Obese

grade 1

Obese

grade 2

Obese

grade 3 p Value

Patients with diabetes (n=8046)

CAD, n (%) 41 (18.1) 417 (24.6) 689 (32.2) 588 (30.9) 308 (27.9) 208 (21.2) <0.0001

Hypertension, n (%) 95 (41.9) 866 (51.0) 1147 (53.7) 1116 (58.7) 641 (58.0) 592 (60.4) <0.0001

CKD, n (%) 61 (26.9) 428 (25.2) 589 (27.6) 483 (25.4) 275 (24.9) 201 (20.5) 0.0028

COPD, n (%) 39 (17.2) 250 (14.7) 235 (11.0) 258 (13.6) 122 (11.0) 123 (12.6) 0.0013

Malignancy, n (%) 33 (14.5) 221 (13.0) 247 (11.6) 158 (8.3) 82 (7.4) 45 (4.6) <0.0001

Hyperlipidemia, n (%) 59 (26.0) 662 (39.0) 1065 (49.8) 959 (50.5) 547 (49.5) 389 (39.7) <0.0001

Patients without diabetes (n=21 577)

CAD, n (%) 123 (12.2) 1088 (15.4) 1261 (18.5) 615 (16.3) 254 (15.6) 145 (11.2) <0.0001

Hypertension, n (%) 362 (35.9) 2682 (38.0) 3254 (47.7) 1927 (51.2) 902 (55.4) 705 (54.4) <0.0001

CKD, n (%) 111 (11.0) 749 (10.6) 641 (9.4) 379 (10.1) 154 (9.5) 135 (10.4) 0.18

COPD, n (%) 211 (20.9) 817 (11.6) 604 (8.9) 314 (8.3) 108 (6.6) 111 (8.6) <0.0001

Malignancy, n (%) 186 (18.5) 1026 (14.5) 863 (12.6) 407 (10.8) 119 (7.3) 78 (6.0) <0.0001

Hyperlipidemia, n (%) 166 (16.5) 1671 (23.7) 2149 (31.5) 1203 (32.0) 514 (31.6) 324 (25.0) <0.0001

BMI, body mass index; CAD, coronary artery disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease.

Figure 1 (A) Inpatient complications by BMI and glycemic

status. (B) In-hospital mortality by BMI and glycemic status.

BMI, body mass index; DM, diabetes mellitus.
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with hyperglycemia had significantly increased complica-
tions in underweight compared to normal weight
(adjusted OR 1.66 (1.15 to 2.38)) (table 4). Otherwise,
across all glycemic groups, BMI was not associated with
higher rates of complications or in-hospital mortality.

DISCUSSION
This study aimed to determine the combined impact of
obesity and hyperglycemia on inpatient complications and
mortality rates. In agreement with previous studies,13–17 we
observed that inpatient hyperglycemia is common and is
associated with poor outcomes, with the highest rates of
complications seen in hyperglycemic patients without dia-
betes, even compared to patients with diabetes. Also con-
sistent with the literature was our finding that being
underweight conferred a worse prognosis compared to
normal, overweight, or obesity.29 30 After adjusting for
patient demographics and clinical characteristics, no sig-
nificant improvement in clinical outcomes was observed in
patients who were obese compared to those with normal
BMI.
Several studies have investigated the relationship

between obesity, diabetes and clinical outcomes in ambula-
tory populations.29–34 Emerging evidence suggests that
obesity may have a protective effect against morbidity and
mortality, a phenomenon referred to as the ‘obesity
paradox’.7–12 31 Despite a plethora of data, the effect of
diabetes and glycemic status on the perceived obesity
paradox remains unclear. Carnethon et al34 prospectively
analyzed a population of 2625 at the time of diabetes diag-
nosis and observed much higher mortality rates in patients
with normal BMI when compared to overweight or obese
patients (categorized as BMI >25). There are multiple
studies that have found similar results, with a J-shaped or
U-shaped association between BMI and mortality among
patients with diabetes.31–33 35 However, some limitations of
these studies included broad BMI categories,33 34 small
number of deaths,29 33 34 and lack of analyses of patient
comorbidities.31–34 Our results were more consistent with
those of Tobias et al,30 who analyzed data from two large,
prospective cohort studies and found no evidence of an
obesity paradox in 11 427 patients with diabetes.
Conflicting data regarding the obesity paradox extends
beyond the population with diabetes, and whether a
paradox truly exists is an ongoing topic of debate.
To the best of our knowledge, this is the first study to

explore the interplay between BMI and glycemic status
and its impact on mortality and complications in hospi-
talized patients. Our results did not show the presence
of an obesity paradox among patients with diabetes.
In-hospital mortality, bacteremia, and acute myocardial
infarction were complications that did not appear to be
affected by BMI or glycemic status in our study. The lit-
erature remains mixed regarding the link between
obesity and coronary atherosclerosis.36–40 In a recent
prospective cohort study by Costanzo et al,37 clinic
patients with type 2 diabetes who were overweight and
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Table 4 Adjusted ORs for complications and mortality by BMI and glycemic status

Composite complications In-hospital mortality

Unadjusted OR* Model 1† Model 2‡ Unadjusted OR* Model 1† Model 2‡

Patients with diabetes

Underweight 1.58 (1.18 to 2.12) 1.58 (1.18 to 2.12) 1.25 (0.87 to 1.79) 1.62 (0.66 to 3.95) 1.74 (0.71 to 4.26) 1.33 (0.43 to 4.09)

Normal 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

Overweight 0.87 (0.75 to 1.01) 0.87 (0.75 to 1.01) 0.94 (0.79 to 1.12) 1.02 (0.62 to 1.68) 1.03 (0.73 to 1.70) 1.08 (0.60 to 1.93)

Obesity grade 1 0.82 (0.70 to 0.95) 0.82 (0.71 to 0.96) 0.92 (0.77 to 1.10) 1.25 (0.77 to 2.04) 1.34 (0.82 to 2.20) 1.58 (0.88 to 2.84)

Obesity grade 2 0.74 (0.62 to 0.89) 0.76 (0.63 to 0.91) 0.87 (0.70 to 1.08) 0.88 (0.47 to 1.63) 1.02 (0.54 to 1.90) 1.34 (0.66 to 2.73)

Obesity grade 3 0.88 (0.74 to 1.06) 0.91 (0.76 to 1.10) 1.06 (0.85 to 1.33) 0.93 (0.49 to 1.74) 1.21 (0.63 to 2.33) 1.58 (0.73 to 3.44)

Patients without diabetes with hyperglycemia

Underweight 1.61 (1.25 to 2.07) 1.63 (1.26 to 2.10) 1.66 (1.15 to 2.38) 0.84 (0.44 to 1.59) 0.84 (0.44 to 1.61) 0.73 (0.34 to 1.55)

Normal 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

Overweight 0.75 (0.65 to 0.86) 0.74 (0.65 to 0.86) 0.91 (0.75 to 1.11) 0.96 (0.69 to 1.33) 0.96 (0.69 to 1.33) 1.02 (0.67 to 1.56)

Obesity grade 1 0.78 (0.66 to 0.92) 0.79 (0.67 to 0.93) 1.00 (0.80 to 1.25) 0.95 (0.65 to 1.40) 0.97 (0.66 to 1.44) 0.87 (0.52 to 1.46)

Obesity grade 2 0.76 (0.61 to 0.94) 0.77 (0.62 to 0.96) 0.97 (0.73 to 1.31) 1.50 (0.97 to 1.59) 1.56 (1.01 to 2.41) 1.64 (0.92 to 2.92)

Obesity grade 3 0.74 (0.58 to 0.94) 0.75 (0.59 to 0.97) 0.95 (0.67 to 1.34) 0.81 (0.44 to 1.47) 0.85 (0.46 to 1.57) 0.85 (0.38 to 1.89)

Patients without diabetes with normoglycemia

Underweight 1.62 (1.34 to 1.97) 1.60 (1.32 to 1.95) 1.27 (0.96 to 1.69) 1.65 (0.80 to 3.42) 1.70 (0.82 to 3.51) 1.57 (0.66 to 3.74)

Normal 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

Overweight 0.71 (0.63 to 0.80) 0.70 (0.62 to 0.79) 0.96 (0.81 to 1.14) 0.61 (0.37 to 1.02) 0.62 (0.37 to 1.02) 0.58 (0.30 to 1.15)

Obesity grade 1 0.73 (0.64 to 0.84) 0.73 (0.63 to 0.84) 0.95 (0.77 to 1.17) 0.42 (0.20 to 0.87) 0.45 (0.22 to 0.92) 0.36 (0.12 to 1.07)

Obesity grade 2 0.76 (0.62 to 0.92) 0.76 (0.63 to 0.93) 1.10 (0.82 to 1.47) 0.56 (0.22 to 1.43) 0.64 (0.25 to 1.64) 0.95 (0.32 to 2.82)

Obesity grade 3 0.67 (0.53 to 0.83) 0.68 (0.54 to 0.85) 0.78 (0.56 to 1.10) 0.42 (0.13 to 1.35) 0.53 (0.16 to 1.73) 0.24 (0.03 to 1.86)

BMI categories: underweight (<18.5 kg/m2), normal (18.5–24.9 kg/m2), overweight (25–29.9 kg/m2), obesity 1 (30–34.9 kg/m2), obesity 2 (35–39.9 kg/m2), and obesity 3 (>40 kg/m2). Data are
reported as OR with 95% CIs.
*Crude OR.
†Model 1 adjusted for age, gender, race, and BMI.
‡Model 2: model 1+hospital setting (ICU vs non-ICU), admission team (medical vs surgical), admission diagnosis, BG on admission, medical comorbidities, and Charlson comorbidity index.
BG, blood glucose; BMI, body mass index; ICU, intensive care unit.
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obese had a higher risk of nonfatal cardiovascular events
but not mortality. We did not observe higher rates of
acute myocardial infarction with increasing BMI, but
perhaps these patients remained at higher risk of non-
fatal cardiovascular events beyond their hospital stay,
which was not accounted for in our retrospective study.
Additional prospective studies would be beneficial in
determining long-term risk of cardiovascular events in
patients across different glycemic and BMI groups.
There are a number of limitations in our study. This is

a retrospective analysis, which relied on ICD-9 codes. As
a result, we may have missed some diagnoses due to lack
of documentation. We also used BMI as the single
measure of obesity; however, fitness and waist circumfer-
ence have been shown to better predict mortality com-
pared to BMI.41–43 As with many observational studies,
selection bias is another potential limitation, seeing as
patients are selected based on a factor which is to be
analyzed (diabetes) that is affected by an exposure
(obesity), both of which share risk factors for the
outcome (mortality). The only sure way to avoid such
selection bias is to ensure that exposure and start of
follow-up coincide.44 One of the major strengths of our
study was its large sample size, which provided unique
insight into how obesity relates to hospitalized patients.
In addition, we adjusted for patient demographics and
key clinical characteristics that included comorbid condi-
tions, severity of illness, admission diagnosis, hospital
setting (ICU vs no ICU), and service (medicine vs
surgery). We did not, however, adjust for smoking or
alcohol consumption which may have confounded our
results, as smoking in particular has been linked to low
BMI status and increased risk of mortality.30 45

In summary, we found that underweight represents an
independent predictor for hospital complications;
however, there was no evidence of an obesity paradox in
hospitalized patients with hyperglycemia and diabetes.
We also found no association between increasing BMI
and mortality regardless of glycemic status.
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