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Background: The obesity paradox phenomenon has been found in different populations, such as heart
failure and coronary heart disease, which suggest that patients with established cardiovascular disease (CVD)
and with normal weight had higher risk of mortality than those with overweight or obesity. However, the
obesity paradox is controversial among patients with diabetes which has been considered as the coronary
heart disease equivalent. The aim of our study was to summarize current findings on the relationship
between body mass index (BMI) and all-cause mortality in patients with diabetes and make a meta-analysis.
Methods: We searched previous studies from MEDLINE, EMBASE, and the Cochrane databases using
the keywords: BMI, mortality, diabetes, and obesity paradox or reverse epidemiology. Finally, sixteen studies
were identified and 385,925 patients were included. Patients were divided into five groups based on BMI (kg/m’)
levels: underweight (<18.5), normal weight (18.5-24.9), overweight (25-29.9), mild obesity (30-34.9), and
morbid obesity (>35). A random effect meta-analysis was performed by the inverse variance method.
Results: As compared with the normal weight, the underweight had higher risk of mortality [hazard ratio
(HR): 1.59, 95% confidence interval (CI): 1.32-1.91]. In contrast, the overweight and the mild obesity had
lower risk of mortality than the normal weight (HR: 0.86, 95% CI: 0.78-0.96, and 0.88, 95% CI: 0.78-1.00,
respectively), but the morbid obesity did not (HR: 0.99, 95% CI: 0.84-1.16). In addition, the subgroup
analysis by sex showed that the overweight had the lowest mortality as compared with the normal weight (HR:
0.82, 95% CI: 0.74-0.90) and the obesity in males, but the risk of mortality did not differ among groups in
females. Notably, the heterogeneity was significant in most of group comparisons.

Conclusions: Our meta-analysis showed a U-shaped relationship between BMI and all-cause mortality in
patients with diabetes. The significant heterogeneity among studies suggested that many confounders such as

sex difference may affect the association.
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Introduction

Overweight and obesity are clustered with many metabolic
abnormalities, and the prevalence of morbid obesity
is increasing in the general population worldwide (1).
Obesity is a well-known risk factor for the development
of cardiovascular disease (CVD) and adversely affects
cardiovascular hemodynamics, structure, and function.

However, overweight or obesity, as measured by
increased body mass index (BMI), which was defined as
body weight (kg)/height (m?), has been shown to improve
the survival in patients with established CVD such as
coronary heart disease (2), stroke (3), and heart failure (4).
This phenomenon was called as the obesity paradox.

Besides CVD, obesity paradox has been found in different
clinical situations, such as end stage renal disease (5),
advanced cancer (6), and also in patients with diabetes, which
has been regarded as the coronary heart disease equivalent.
The relationship between BMI and mortality in patients with
diabetes has revealed various results in previous prospective
studies, including a U-shaped or J-shaped association (7,8)
or no clear relationship (9,10). Despite the obesity paradox
in patients with CVD has been confirmed previously
(11,12), this phenomenon in diabetes remains controversy
since the etiology of diabetes development in different BMI
category is probably not the same. The diabetic patients
with lower BMI are more likely to be associated with B
cell dysfunction (13), but those with higher BMI are more
likely associated with insulin resistance due to adiposity.
So we conducted a systematic review to summarize current
evidence on the association between BMI and all-cause
mortality in patients with diabetes, and to explore potential
sources of heterogeneity among study results.

Method
Searching strategy

PubMed, Science Direct and Cochrane Library databases
were systematically searched for studies which reported total
mortality rates in relation to BMI in patients with diabetes
from 1990 to 2015. Medical subject heading (MeSH) and
keywords BMI, mortality, diabetes, and obesity paradox or
reverse epidemiology were used to identify English literature
of current studies investigating the association between BMI
and all-cause mortality in patients with diabetes. The study
selection process was performed according to the PRISMA
statement as Figure 1. Studies that did not meet these criteria
were excluded. Additional studies were identified from the
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references of articles retrieved and previous reviews on this
topic. Studies that did not provide either effect estimates
(e.g., odds ratio) for BMI and mortality or sufficient data for
us to calculate them were also excluded.

Data extraction

Two reviewers (HWC and GML) independently extracted
data on study design, sample size, country, year of
publication, patient characteristics (e.g., sex, age), BMI
categories, cause of mortality, and crude and adjusted effect
measures of BMI on all-cause mortality. Effects of BMI
on mortality by sex were identified if available. Specific
subgroups, such as with heart failure that already had the
obesity-mortality paradox were also extracted from the
identified studies. Studies comparing obese and non-obese
were excluded unless outcomes in the normal BMI category
alone were available. To avoid eliminating studies with
important data, we considered BMI levels within 2 kg/m’
of standard categories to be acceptable. We did not contact
original authors for additional information. We utilized a
9-star system by Newcastle-Ottawa Scale for assessing the
quality of studies (14). The meta-analysis collected publicly
available data and the information was recorded in a manner
in which the subjects cannot be identified, which was
exempt from full review by the Institutional Review Board.

Statistical analyses

The meta-analysis was conducted using RevMan version 5.2
to perform random effect analysis by the inverse variance
method. Hazard ratios (HRs) and 95% confidence intervals
(ClIs) (the abnormal BMI groups versus the normal weight
group) were calculated and risk factor-adjusted to measure
the association between abnormal BMI and the risk of all-
cause mortality among patients with diabetes. Heterogeneity
was examined using the Higgins I’ test. Roughly, Higgins I’
values of 25, 50, and 75% can be interpreted as indicating
low, moderate, and high heterogeneity (15). For the
purpose of our meta-analysis, patients were further divided
into 5 groups: underweight (BMI: <18.5), normal weight
(BMI: 18.5-24.9), overweight (BMI: 25-29.9), mild obesity
(BMI: 30-34.9) and morbid obesity (BMI: >35).

Result
Study characteristics

Of the 636 articles identified, 44 articles met the inclusion
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Figure 1 Preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement flow diagram.

criteria. Overall, 16 cohort studies with a total number of
385,925 patients were included in the analysis (6-10,16-26).
Study design, patients’ characteristics, mean follow-up years,
BMI category and its effect on mortality are summarized in
Table 1. Among these selected studies, one enrolled Asian
patients (6), and the others were White patients. Three
studies enrolled only female patients (7,18,21). The mean
follow-up period was from 2.7 years (23) to 16 years (22). In
all studies, the HRs were obtained by the adjustments for
traditional vascular risk factors, and in some studies, the HRs
were additionally controlled for other confounding factors,
such as duration of diabetes (6,16,17,21,22,24,25), diabetic
complications (9,21), menopause status (7,18), comorbid
condition (16,18), and glomerular filtration rate (10).

The association of BMI with all-cause mortality in the
overall cobort

Figure 2 shows the association of each BMI category with
all-cause mortality in the overall cohort. As compared to the
normal weight, the underweight had higher risk of all-cause
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mortality (HR: 1.59, 95% CI: 1.32-1.91). In contrast, both
the overweight and the mild obesity were associated with
lower risk of mortality (HR: 0.86, 95% CI: 0.78-0.96, and
0.88, 95% CI: 0.78-1.00, respectively). However, the morbid
obesity was not associated with all cause-mortality (HR: 0.99,
95% CI: 0.84-1.16). Notably, the heterogeneity for all of the
analyses was significant (all I’ >75%; P values <0.05).

The sex specific association of BMI with all-cause mortality

Figure 3 shows the sex-specific association between BMI and
all-cause mortality. There were only three papers included in
the sex specific analyses (24-26). In reference to the normal
weight, the overweight was associated with lower risk of all-
cause mortality in males (HR: 0.82, 95% CI: 0.74-0.90), but
not in females (HR: 0.92, 95% CI: 0.75-1.13). The BMI
associations were consistent between men and women. In
men, both mild and morbid obesity were not associated
with all-cause mortality (HR: 0.90, 95% CI: 0.71-1.14, and
1.02 95% CI: 0.94-1.10, respectively). Similarly in females,
mild and morbid obesity were not associated with all-cause
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Table 1 Characteristics of previous studies for the association between BMI and all-cause mortality in patients with type 2 diabetes

Chang et al. Obesity paradox in diabetes

Studies Population Sar.nple Mean follow- BMI category HR (95% CI) NOS score
size up years
Costanzo et al., National Health Service, 10,568 10.6 <18.5 2.84 (1.97-4.10) 9
2015 (16) England 18.5-24.9 Reference
25-29.9 0.87 (0.79-0.95)
30-34.9 0.97 (0.87-1.07)
>35 1.04 (0.92-1.19)
Tobias et al., Nurses’ Health Study and 2,457 15.8 18.5-22.4 1.29 (1.05-1.59) 7
2014 (7) Health Professionals Follow- 22.5-24.9 Reference
up Study 25.0-27.4 1.12 (0.98-1.29)
27.5-29.9 1.09 (0.94-1.26)
30.0-34.9 1.24 (1.08-1.42)
>35.0 1.33 (1.14-1.55)
Zhao et al., Louisiana State University 34,832 8.7 18.5-22.9 Black 8
2014 (10) Hospital Based Longitudinal 23-24.9 2.18 (1.84-2.59)
Study (LSUHLS) 25-29.9 2.02 (1.69-2.41)
30-34.9 1.35(1.18-1.55)
35-39.9 Reference
>40 1.17 (0.99-1.37)
1.35(1.15-1.58)
White
1.77 (1.47-2.14)
1.31 (1.09-1.58)
1.10 (0.97-1.24)
Reference
1.01 (0.88-1.17)
1.19 (1.03-1.37)
Lajous et al., E3N-European Prospective 2,421 16.7 18.5-22.4 0.95 (0.31-2.94) 8
2014 (18) Investigation 22.5-24.9 Reference
into Cancer and Nutrition 25.0-27.4 0.64 (0.23-1.79)
study 27.5-29.9 0.64 (0.19-2.12)
>30 0.55 (0.18-1.73)
Jackson et al., National Health Interview 74,710 9 15.02-22.83 1.09 (0.52-2.27) 9
2014 (17) Survey 22.84-25.09 Reference
25.1-27.46 0.6 (0.33-1.20)
27.47-31.02 0.58 (0.33-1.01)
31.03-54.92 0.52 (0.31-0.86)
Tseng, 2013 (6) National Death Certificate 89,056 12 <18.5 1.702 (1.610-1.799) 9
Database 18.5-22.9 Reference
23.0-24.9 0.759 (0.736-0.784)
25.0-29.9 0.683 (0.662-0.704)
>30.0 0.720 (0.682-0.761)

Table 1 (continued)
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Table 1 (continued)

Sample Mean follow-

Studies Population ) BMI category HR (95% CI) NOS score
size up years
Logue et al., the Privacy Advisory 106,640 4.7 Men 9
2013 (19) Committee of 20-25 1.22 (1.13-1.32)
National Health Service 25-30 Reference
National 30-35 0.97 (0.91-1.04)
Services Scotland 35-40 1.14 (1.03-1.27)
40-45 1.34 (1.12-1.61)
45-50 1.70 (1.24-2.34)
Women
1.32 (1.22-1.44)
Reference
1.04 (0.96-1.12)
1.10 (0.99-1.21)
1.34 (1.17-1.55)
1.81 (1.46-2.24)
Carnethon et al.,  ARIC study, CHS, CARDIA 2,625 10.3 18.5-24.9 2.01 (1.44-2.81) 8
2012 (20) study, FOS and MESA study 25-29.9/>30 Reference
McEwen et al., TRIAD study 8,334 8 <25 1.13 (0.95-1.36) 8
2012 (21) 25-30 Reference
30-35 1.06 (0.90-1.24)
>35 1.00 (0.84-1.20)
Lyerly et al., ACLS study 3,044 16 18.5-24.9 Reference 8
2009 (22) 25-29.9 0.91 (0.61-1.36)
>30 1.32 (0.30-2.18)
Khalangot et al.,  System of diabetes mellitus 89,443 2.7 <23.0 Men 9
2009 (23) care in Ukraine 23.0-24.9 1.54 (1.38-1.72)
25.0-29.9 1.09 (0.98-1.21)
30.0-34.9 Reference
>35.0 0.94 (0.83-1.06)

1.39 (1.13-1.71)

Women
1.35 (1.22-1.49)
0.99 (0.89-1.09)

Reference
0.97 (0.89-1.05)
1.15 (1.02-1.29)
Mulnier et al., General Practice Research 28,725 7 15-19 1.38 (1.18-1.61) 9
2006 (24) Database (GPRD) 20-24 Reference
25-29 0.97 (0.91-1.03)
30-34 1.13 (1.04-1.22)
35-54 1.43 (1.28-1.59)
Zoppini et al., Verona, ltaly 3,398 10 <30.9 Reference 8
2003 (25) >30.9 0.74 (0.62-0.90)

Table 1 (continued)
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Table 1 (continued)

Chang et al. Obesity paradox in diabetes

Sample

Mean follow-

Studies Population ) BMI category HR (95% CI) NOS score
size up years
Ross et al., National Health and Nutrition 373 14 Women 1.61 (1.00-2.62) 8
1997 (8) Examination Survey <21.2 Reference
21.2-27.3 1.87 (1.28-2.73)
27.3-32.2 1.50 (0.86-2.62)
>32.2
Men
<22.7
22.7-27.8
27.8-31.0
>31.0
Chaturvedi The WHO multinational study 2,960 13 Europeans Men 8
etal., 1995 (9) of vascular disease in diabetes <26 Europeans
2629 Reference
>29 0.99 (0.68-1.45)
Native 1.14 (0.77-1.67)
Americans Native Americans
;29 A Reference
2;3 0.75 (0.45-1.26)
> 1.22 (0.73-2.03)
East Asians East Asians
<22 Reference
22-25 0.61 (0.24-1.57)
>25 0.30 (0.08-1.10)
Women
Europeans
Reference
1.85 (1.08-3.17)
1.63 (0.99-2.67)
Native Americans
Reference
1.32 (0.82-2.14)
1.34 (0.80-2.24)
East Asians
Reference
1.89 (0.80-4.45)
0.56 (0.22-1.42)
Ford et al., Paris, France 602 10 Women Reference 8
1991 (26) <27.3 1.03 (0.74-1.42)
27.3-32.3 1.20 (0.82-1.75)
>32.3
Men
<27.8
27.8-31.1
>31.1

BMI, body mass index; HR, hazard ratio; Cl, confidence interval; ARIC, Atherosclerosis Risk in Communities Study; CHS, Cardiovascular
Health Study; CARDIA, Coronary Artery Risk Development in Young Adults Study; FOS, Framingham Offspring Study; MESA, Multi-Ethnic
Study of Atherosclerosis; TRIAD, Translating Research Into Action for Diabetes Study; ACLS, The Aerobics Center Longitudinal Study.
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Test for overall effect: Z = 4.94 (P < 0.00001)

1.1.2 BMI(kg/m2):25-29.9 vs. 18.5-24.9

Costanzo 2015
Tobias 2014
Zhao 2014 (black)
Zhao 2014 (white)
Lajous 2014
Jackson 2014
Tseng 2013
Logue 2013
Carnethon 2012
McEwen 2012
Khalangot 2009
Lyerly 2009
Mulnier 2006
Zoppini 2003
Ross 1997
Chaturvedi 1995
Ford 1991

Subtotal (95% CI)

7.7%
7.7%
7.2%
6.6%
1.4%
3.4%
8.2%
8.1%
2.5%
6.6%
7.9%
3.5%
8.0%
6.9%
3.9%
6.0%
4.5%

100.0%

0.87 [0.79, 0.95]
1.11 [1.00, 1.22]
0.64 [0.56, 0.74]
0.72[0.60, 0.87]
0.64 [0.29, 1.40]
0.59 [0.39, 0.90]
0.68 [0.66, 0.70]
0.79[0.75, 0.84]
0.69 [0.40, 1.19]
0.88 [0.74, 1.06]
0.82[0.76, 0.88]
0.86 [0.57, 1.30]
0.97 [0.91, 1.03]
0.89 [0.76, 1.04]
1.87 [1.28, 2.73]
1.12[0.90, 1.39]
1.03 [0.74, 1.43]
0.86 [0.78, 0.96]

Heterogeneity: Tau? = 0.03; Chi? = 222.27, df = 16 (P < 0.00001); I> = 93%
Test for overall effect: Z = 2.83 (P = 0.005)

1.1.3 BMI(kg/m2): 30-34.9 vs. 18.5-24.9

Costanzo 2015
Tobias 2014
Zhao 2014 (black)
Zhao 2014 (white)
Lajous 2014
Jackson 2014
Tseng 2013
Logue 2013
McEwen 2012
Khalangot 2009
Lyerly 2009
Mulnier 2006
Zoppini 2003
Ross 1997
Chaturvedi 1995
Ford 1991

Subtotal (95% CI)
Heterogeneity: Tau? = 0.05; Chi* = 250.58, df = 15 (P < 0.00001);

7.9%
7.6%
7.7%
7.7%
1.1%
3.5%
8.2%
8.2%
7.4%
8.2%
3.4%
8.1%
7.4%
3.2%
5.6%
4.8%

100.0%

0.97 [0.87, 1.08]
1.24 [1.08, 1.42]
0.48 [0.42, 0.54]
0.66 [0.58, 0.75]
0.55[0.18, 1.71]
0.52 [0.31, 0.87]
0.72[0.68, 0.76]
0.79[0.75, 0.83]
1.06 [0.90, 1.24]
0.80 [0.75, 0.86]
1.19 [0.70, 2.03]
1.13[1.04, 1.22]
0.88[0.75, 1.04]
1.50 [0.86, 2.62]
1.31[0.96, 1.77]
1.20 [0.82, 1.75]
0.88 [0.78, 1.00]

Test for overall effect: Z = 1.89 (P = 0.06)

1.1.4 BMI(kg/m2): >35 vs. 18.5-24.9

Costanzo 2015
Tobias 2014
Zhao 2014 (black)
Zhao 2014 (white)
Logue 2013
McEwen 2012
Khalangot 2009
Mulnier 2006
Chaturvedi 1995

Subtotal (95% Cl)

11.7%
11.3%
11.1%
11.1%
12.4%
10.9%
11.8%
11.9%

7.7%

100.0%

1.04 [0.91, 1.18]
1.33[1.14, 1.55]
0.60 [0.51, 0.71]
0.72[0.61, 0.85]
0.97 [0.91, 1.02]
0.88 [0.74, 1.06]
1.01 [0.90, 1.14]
1.43 [1.28, 1.59]
1.28 [0.89, 1.84]
0.99 [0.84, 1.16]

A

17 =94%

—_—
R

=T

—
—

S —

>

Heterogeneity: Tau? = 0.05; Chi? = 111.20, df = 8 (P < 0.00001); 12 = 93%
Test for overall effect: Z=0.13 (P = 0.89)
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05 07
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Figure 2 Forest plot for all-cause mortality by body mass index (BMI) category.
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2.1.3 BMI(kg/m2): 30-34.9 vs. 18.5-24.9

Logue 2013

Khalangot 2009

Chaturvedi 1995 (Europeans)
Subtotal (95% Cl)

41.4%
38.5%
20.1%
100.0%

0.97[0.91, 1.04]
0.73[0.65, 0.83]
1141077, 1.68]
0.90 [0.71, 1.14]

Heterogeneity: Tau? = 0.03; Chi?=17.12, df = 2 (P = 0.0002); I> = 88%
Test for overall effect: Z = 0.88 (P = 0.38)

2.1.4 BMI(kg/m2): >35 vs. 18.5-24.9
Logue 2013
Khalangot 2009

Chaturvedi 1995 (Native Americans)
Subtotal (95% CI)

82.9%
14.7%
2.4%
100.0%

1.00[0.92, 1.09]
1.08[0.88, 1.33]
1.22[0.73, 2.03]
1.02 [0.94, 1.10]

Heterogeneity: Tau? = 0.00; Chi?=0.97, df =2 (P =0.62); I? = 0%
Test for overall effect: Z = 0.39 (P = 0.69)

r I

2.1.2 BMI(kg/m2):25-29.9 vs. 18.5-24.9

Logue 2013

Khalangot 2009

Chaturvedi 1995 (Europeans)
Chaturvedi 1995 (Native Americans)
Chaturvedi 1995 (Asians)

Subtotal (95% Cl)

Weigh

37.0%
35.9%
10.5%
12.3%
4.2%
100.0%

Hazard Ratio

1V, Random, 95% CI

0.76 [0.70, 0.82]
0.86[0.78, 0.96]
1.85[1.08, 3.17]
1.32[0.82, 2.13]
0.56 [0.22, 1.42]
0.92 [0.75, 1.13]

Heterogeneity: Tau? = 0.03; Chi?= 17.62, df = 4 (P = 0.001); I?=77%
Test for overall effect: Z=0.79 (P = 0.43)

2.1.3 BMI(kg/m2): 30-34.9 vs. 18.5-24.9

Logue 2013

Khalangot 2009

Chaturvedi 1995 (Europeans)
Subtotal (95% Cl)

43.4%
43.0%
13.6%
100.0%

1.04[0.96, 1.12]
0.841[0.77, 0.91]
1.63[0.99, 2.68]
1.01 [0.81, 1.25]

Heterogeneity: Tau? = 0.03; Chi? = 18.81, df = 2 (P < 0.0001); I> = 89%
Test for overall effect: Z = 0.06 (P = 0.95)

2.1.4 BMI(kg/m2): >35 vs. 18.5-24.9
Logue 2013

Khalangot 2009

Chaturvedi 1995 (Native Americans)
Subtotal (95% Cl)

2.2%
93.0%
4.8%
100.0%

0.94[0.44, 2.02]
0.99[0.88, 1.12]
1.34[0.80, 2.24]
1.01 [0.90, 1.13]

Heterogeneity: Tau? = 0.00; Chi?=1.27,df =2 (P = 0.53); I>= 0%
Test for overall effect: Z=0.10 (P = 0.92)

Chang et al. Obesity paradox in diabetes
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Figure 3 (A) Forest plot for all-cause mortality in males by body mass index (BMI) category; (B) forest plot for all-cause mortality in females

by BMI category.
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mortality as well (1.01, 95% CI: 0.81-1.25, and 1.01, 95%
CI: 0.90-1.13, respectively). Notably, the heterogeneity for
all of the analyses was significant in the overweight and mild
obesity groups (all I >75%; P values <0.05). For the morbid
obesity group, the results among studies were homogeneous
(I* =0; P values >0.1).

Discussion

In our meta-analysis, being overweight or mild obesity
in patients with diabetes was associated with lower risk of
mortality during long-term follow-up among these sixteen
studies. Overweight and mild obesity may reduce 14%
and 12% relative risk of all-cause mortality respectively. In
contrast, diabetic patients with underweight had the highest
risk of all-cause mortality and increased up to 59% relative
risk in comparison to those with normal weight. In addition,
there was no difference with regard to the risk of mortality
between the morbid obesity and the normal weight. These
findings suggested a U-shaped relationship between BMI
and total mortality in patients with diabetes.

In previous sixteen cohort studies we included, the
associations between BMI and overall mortality in patients
with type 2 diabetes were inconsistent. In summary, the
U-shaped relationship was reported in eleven studies
(6-8,10,16,19,21-24,26). The lowest risk of mortality was
found in patients with overweight in eight out of eleven
studies (6-8,16,21,22,24,26), and in those with obesity in
other three studies (10,19,23). In contrast, three studies
found that an inverse rather than a U-shaped relationship
between BMI and all-cause mortality (17,18,20). One study
found that an inverse BMI association was only present
in the elderly populations whereas a positive association
was observed in the younger patients with diabetes (25).
Moreover, one study showed that the sex difference
regarding the BMI association might be affected by race/
ethnicity where the overweight was associated with higher
risk of all-cause mortality in Asian male patients, but
inversely in Asian female patients (9).

The heterogeneity among studies in our meta-analysis
suggested that the BMI associations may vary by different
conditions and we should interpret the data with caution. In
our analysis, several confounders may explain a considerable
proportion of the heterogeneity to influence the BMI
effect on overall mortality in patients with diabetes. For
instance, smoking status was a notable factor to mortality,
which had been mentioned in five studies with inconsistent
results (7,17,23,24,26). A higher risk of mortality in current
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smokers or ex-smoker with comparison to non-smokers has
been found in Mulnier’s and Ford’s studies (24,26). In the
Tobias’s study, the U-shaped association between BMI and
all-cause mortality was present in those who ever smoked,
and the inverse relationship was found in those who never
smoked (7). The U-shaped or inverse relationship remained
unchanged in patients with diabetes after controlling for
the smoking status in Khalangot’s study and Jackson’s
study, respectively (17,23). Therefore, the impact of current
smoking on the mortality was still inconclusive now and it
needs further studies. Age, sex, and race/ethnicity may also
affect the BMI association. The White population had lower
mortality than other race/ethnicities which was found in
Ford’s study (26). In Chaturvedi’s and Zhao’s studies (9,10),
the U-shaped association existed both in Black and White
patients and in Europeans and Native Americans, but not
in East Asians. The age difference has been described above
in Jackson’s study (17). With regard to the sex difference,
males had higher risk of all-cause mortality than females in
Mulnier’s study (24). In Logue’s and Khalangot’s studies,
the U-shaped association existed both in males and females,
but the lowest risk of mortality was found in females with
overweight and males with obesity (19,23). In contrast,
the Chaturvedi’s study found no significant relationship
between BMI and mortality in females of different ethnic
populations (11). The other possible confounders had been
observed among these studies, such as diabetes duration, co-
morbidities, and physical activity. The longer duration of
diabetes with higher risk of mortality was demonstrated in
Mulnier’s study (24). Among patients with diabetes duration
less than 10 years, the nadir of U-shaped association was
observed in obese patients in Khalangot’s study (23), but the
inverse association rather than the U-shaped relationship
between BMI and mortality was found in Jackson’s study (17).
Among patients with diabetes duration more than 10 years,
the nadir of U-shaped association was observed in those
with overweight in Khalangot’s study (23); but in contrast,
no significant relationship between BMI and mortality was
present in Jackson’s study (17). Higher serum cholesterol
levels, longer follow-up duration for hypertension, and
lesser physical activity were found to increase all-cause
mortality in patients with diabetes in Ford’s study (26).
These potential confounders may affect the BMI association
in diabetes and cause the heterogeneity among studies.

The mechanism of the U-shaped association in patients
with diabetes was unclear. There were several possible
explanations for higher risk of mortality in patients with
underweight. First, being underweight in patients with
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diabetes may have genetic influence on B cell dysfunction,
possibly leading to poor glycemic control and the related
serious diabetic complications as compared with those
with overweight or mild obesity. Second, patients with
underweight were usually accompanied with greater
burden of chronic disease and multiple comorbidities as
compared with non-diabetic counterparts, which may be
aggravated and caused higher risk of mortality. Third,
higher prevalence of smoking and alcohol consumption
in diabetic patients with underweight may contribute
to adverse effects and lead to higher risk of all-cause
mortality (27,28). In addition, patients with underweight
may reflect a malnutrition status and thus have higher risk
of mortality. For diabetic patients with morbid obesity,
numerous adipokines and inflammatory mediators may
be released from adiposity and play important roles in the
pathogenesis of many obesity-related CVD (29). On the
other hand, overweight or mild obesity was protective
to mortality, and the mechanism was unknown. Possible
explanations were listed as below: first, diabetic patients
with overweight may have early screening of metabolic
disorder and accept early treatment for the prevention for
serious CVD complications, which may decrease the risk of
all-cause mortality. Second, excess body mass may provide
a metabolic reserve in older patients, protecting against
frailty, malnutrition, and age-related sarcopenia (30,31).

There were several strengths and limitations of our
study. The main strength of this meta-analysis was the
comprehensive inclusion of current studies to show the
relationship between BMI and all-cause mortality in patients
with diabetes. And the limitations in our meta-analysis
were as below. First, BMI data were collected from various
methods, such as self-report or medical record in different
studies, which may influence our results by misclassification
of BMI. Second, most of the studies included the older
population which may affect our findings by survivor bias
and result in underestimation of relationship between
BMI and mortality. Finally, since the heterogeneity was
significant among studies, our findings were suggested to be
interpreted in appropriate situations such as by age, sex, and
race/ethnicity.

Conclusions

Our meta-analysis of patients with diabetes in current
studies showed a U-shaped relationship between BMI and
all-cause mortality. Overweight and mild obesity may be
protective to the mortality in patients with diabetes. The
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sex-specific association showed a consistent U-shaped
relationship in males but not in females. Since there was
a significant heterogeneity among studies and substantial
evidence regarding the confounders such as sex difference
in our subgroup analysis may affect the BMI association,
our findings should be interpreted according to the clinical
situations.
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