Journal of Obesity & Metabolic Syndrome 2018;27:61-70
https://doi.org/10.7570/jomes.2018.27.1.61

CROSSMARK_logo_3_Test

1/1

pISSN 2508-6235
eISSN 2508-7576

Original Article
https://crossmark-cdn.crossref.org/widget/v2.0/logos/CROSSMARK_Color_square.svg 2017-03-16

Association of Body Mass Index with Risk of Major
Adverse Cardiovascular Events and Mortality in People
with Diabetes
Dong Hun Lee1, Kyoung Hwa Ha2,3, Hyeon Chang Kim4,5, Dae Jung Kim2,3,*
Ajou University School of Medicine, Suwon; 2Department of Endocrinology and Metabolism and 3Cardiovascular and Metabolic Disease Etiology Research Center,
Ajou University School of Medicine, Suwon; 4Department of Preventive Medicine and 5Cardiovascular and Metabolic Diseases Etiology Research Center, Yonsei
University College of Medicine, Seoul, Korea
1

Background: The relationship between cardiovascular and all-cause mortality and obesity in people with diabetes is still controversial. We investigated the association of body mass index (BMI) with the risk of major adverse cardiovascular events (MACE) and all-cause mortality in people with diabetes.
Methods: In total, 48,438 people with diabetes were enrolled in the Korean National Health Insurance ServiceNational Health Screening Cohort from 2002 to 2003 and were followed until 2013. Baseline BMI was categorized as underweight (<18.5 kg/m2), normal-weight (18.5–22.9 kg/m2), overweight (23.0–24.9 kg/m2), obese
class I (25.0–29.9 kg/m2), and obese class II (≥30.0 kg/m2).
Results: During a median of 10.7 years of follow-up (interquartile range, 10.2–11.2 years), there were 7,360
MACE and 5,766 deaths. Compared to those in the normal-weight group, the fully adjusted hazard ratios (HRs)
for MACE were 1.09 (95% confidence interval [CI], 0.92−1.29), 0.91 (95% CI, 0.85−0.97), 0.93 (95% CI, 0.88−0.98),
and 0.95 (95% CI, 0.84−1.06) for underweight, overweight, obese class I, and obese class II groups, respectively.
The HRs for all-cause mortality were 1.75 (95% CI, 1.54−1.99), 0.74 (95% CI, 0.69−0.79), 0.67 (95% CI, 0.63−0.71),
and 0.73 (95% CI, 0.63−0.85) for underweight, overweight, obese class I, and obese class II groups, respectively.
Conclusion: In people with diabetes, underweight people had a higher risk for all-cause mortality, whereas
overweight or obese people had a lower risk for MACE and all-cause mortality than those with a normal weight.
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INTRODUCTION

BMI and mortality in people with diabetes. Many observational
studies have reported an “obesity paradox” in diabetics, indicating

Cardiovascular complications occur more commonly in people

that people with diabetes and an elevated BMI have lower mortali-

with diabetes. The association between obesity and an increased

ty rates than those with BMIs that are considered to reflect normal

risk of cardiovascular disease (CVD) is well established in the gen-

weight.8-11 On the other hand, a recent large cohort study suggested

eral population.2,3 Although major adverse cardiovascular events

a J-shaped association between BMI at the time of diabetes diagno-

(MACE) are critical health endpoints among people with diabetes,

sis and all-cause mortality, with the lowest risk observed among

little is known about the relationship between body mass index

participants of normal weight.12

1

(BMI) and MACE in people with diabetes.4-7
There has been an ongoing debate over the relationship between

We investigated the association of BMI with MACE and allcause mortality in people with diabetes using the Korean National
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Health Insurance Service-National Health Screening Cohort
(NHIS-HEALS).

Exposure and covariates
Demographic and anthropometric data collected at baseline in
2002 or 2003 included age, sex, height, weight, and blood pressure.

METHODS

BMI was calculated as weight (kg) divided by height squared (m2)
and classified according to Asian-specific criteria14 as: underweight

Study participants

(<18.5 kg/m2), normal-weight (18.5–22.9 kg/m2), overweight

The Korean NHIS, a compulsory single-payer national health

(23.0–24.9 kg/m2), obese class I (25.0–29.9 kg/m2), and obese

care insurance system, covers 98% of the population residing with-

class II ( ≥ 30.0 kg/m2). Baseline fasting blood samples were taken

in the territory of Korea, and it administers all databases on health

to measure total cholesterol and glucose levels. Smoking status

service utilization. The NHIS provides free regular health screen-

(smoker, former smoker, or nonsmoker), alcohol consumption

ing tests to insured employees of all ages and to self-employed per-

(drinker or nondrinker), and physical activity (low or medium-

sons or dependents aged ≥ 40 years. The NHIS-HEALS was de-

high) were obtained from self-report questionnaires. Household

veloped in 2002 as a random sample of 10% of the population be-

income was categorized into three groups (lowest 30%, middle

tween the ages of 40 and 79 years who completed a National Health

40%, and highest 30%). Prescribed drugs were classified using the

Screening test in 2002 or 2003. The resulting NHIS-HEALS study

following ATC criteria: anti-hypertensive drugs (ATC codes C02–

enrolled 514,795 participants, and the database contains informa-

C03 or C07–C09), statin drugs (ATC code C10AA), anti-platelet

tion regarding demographic characteristics, medical claims (includ-

drugs (ATC code B01), and glucose-lowering drugs (ATC code

ing diagnostic and treatment codes), health surveys, physical exam-

A10). Glucose-lowering drugs included metformin, sulfonylurea,

inations, and biochemical tests.

insulin, or other glucose-lowering drugs.

13

For this study, we selected people with diabetes between 2002
and 2003. Diabetes was defined by the following criteria: diag-

Outcomes

nosed with diabetes (10th revision of the International Classifica-

The outcomes of the analysis were incidence of MACE and all-

tion of Diseases [ICD-10] codes E10−E14) more than twice, re-

cause mortality. We defined MACE as a composite of hospitaliza-

ceiving a prescription for oral glucose-lowering medications (Ana-

tion for myocardial infarction (ICD-10 codes I21−I22), stroke

tomical Therapeutic Chemical [ATC] Classification System code

(ICD-10 codes I60−I69 or G45.9), and cardiovascular death

A10B) for more than 30 days, receiving a prescription for insulin

(ICD-10 codes I00−I99). All-cause mortality and cardiovascular

(ATC code A10A) as an outpatient, or fasting blood glucose level

death were defined by death status in the NHIS database, which

of ≥ 126 mg/dL. A total of 68,447 people with diabetes were se-

was linked to the National Death Registry using unique resident

lected. We excluded 14,138 people who had prior history of CVD

registration numbers.

or cancer and 5,871 people without variables used in the analysis.
Ultimately, 48,438 people were selected for statistical analysis. Fol-

Statistical analyses

low-up was defined as the period of time from the date of the

Normally distributed data are presented as mean ± standard de-

health screening test to the first outcome event, date of death, or

viation (SD), whereas nonparametric data are presented as median

end of the study period (December 31, 2013), whichever came

and interquartile range by BMI. Categorical data are expressed as

first. The study protocol was reviewed and approved by the Institu-

number and frequency (%). We used Kaplan-Meier analyses with

tional Review Board of Ajou University Hospital (IRB No. AJIRB-

log-rank tests to compare survival outcomes by BMI category. Cox

MED-EXP-17-253). Review board requirements for written in-

proportional hazards models were used to evaluate the association

formed consent were waived because all personal identifying infor-

of BMI at baseline with MACE and mortality, calculating hazard

mation was removed from the dataset prior to analysis.

ratio (HR) and 95% confidence interval (CI) and adjusting for the
following potential confounders: sex, age, systolic blood pressure,
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fasting glucose, total cholesterol, drinking status, smoking status,

nondrinkers, users of metformin and sulfonylurea, and the lowest

physical exercise, household income, use of anti-hypertensive

proportion of current smokers. The baseline characteristics of male

drugs, use of statin drugs, use of anti-platelet drugs, and use of glu-

and female with diabetes are summarized in the supplementary

cose-lowering drugs. All analyses were conducted using SAS ver-

data according to baseline BMI (Supplementary Tables 1 and 2).

sion 9.4 (SAS Institute Inc., Cary, NC, USA).

During a median of 10.7 years of follow-up (interquartile range,
10.2–11.2 years), there were 7,360 MACE and 5,766 deaths. Ka-

RESULTS

plan-Meier survival curves differed by BMI classification. In particular, people with an underweight BMI had an overt risk of MACE

In total, 48,438 people (male, 58.1%; median age, 56.1 years)
were included in the analysis. Table 1 summarizes the baseline

incidence and all-cause mortality compared with people with a
normal-weight BMI (Fig. 1).

characteristics of people with diabetes stratified by baseline BMI.

Table 2 shows MACE risk by BMI group. In an unadjusted mod-

People with a higher BMI at baseline had higher systolic blood

el, underweight BMI was associated with a significantly higher risk

pressure, diastolic blood pressure, and total cholesterol, whereas

of MACE (HR, 1.32; 95% CI, 1.11−1.56) compared to normal-

they had lower fasting glucose. However, people with BMIs in the

weight BMI. The association was not statistically significant after

underweight range were the oldest (mean ± SD, 60.3 ± 11.0 years),

additional adjustments for confounders (HR, 1.09; 95% CI, 0.92−

and this group had the highest proportions of males, current smok-

1.29). An overweight and obese BMI were associated with a signifi-

ers, those engaged in low levels of physical activity, and insulin users.

cantly lower risk of MACE (overweight: HR, 0.87; 95% CI, 0.81−

People classified as obese class II were the youngest (mean ± SD,

0.92; obese class I: HR, 0.87; 95% CI, 0.82−0.92; obese class II:

54.9± 9.2 years); this group had the highest proportions of females,

HR, 0.86; 95% CI, 0.77−0.97). This lower MACE risk remained

Table 1. Baseline characteristics of the study participants by body mass index categories
Variable
Age (yr)
Male sex
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Total cholesterol (mg/dL)
Fasting glucose (mg/dL)
Current smoker
Alcohol drinker
Low physical activity
Household income
Upper 30%
Mid 40%
Lower 30%
Use of anti-hypertensive drugs
Use of statin drugs
Use of anti-platelet drugs
Use of glucose-lowering drugs
Metformin
Sulfonylurea
Insulin
Other glucose-lowering drugs

Body mass index (kg/m2)

P

< 18.5 (n= 778)

18.5–22.9 (n= 13,258)

23.0–24.9 (n= 12,990)

25.0–29.9 (n= 19,089)

≥ 30.0 (n= 2,323)

60.3± 11.0
483 (62.1)
126.1± 19.6
77.7± 12.5
185.0± 42.8
135.0 (104.0–172.0)
320 (41.1)
316 (40.6)
549 (70.6)

56.9± 10.1
7,945 (59.9)
129.8± 19.1
79.9± 11.8
199.6± 47.1
135.0 (105.0–170.0)
3,982 (30.0)
5,616 (42.4)
7,831 (59.1)

56.0± 9.5
7,890 (60.7)
132.5± 18.6
81.8± 11.5
206.8± 46.8
133.0 (105.0–165.0)
3,499 (26.9)
5,635 (43.4)
7,013 (54.0)

55.6± 9.3
10,906 (57.1)
135.1± 18.5
83.6± 11.6
210.0± 43.9
133.0 (107.0–162.0)
4,587 (24.0)
8,157 (42.7)
10,749 (56.3)

54.9± 9.2
916 (39.4)
138.9± 18.9
85.7± 11.7
213.3± 44.7
132.0 (106.0–160.0)
423 (18.2)
793 (34.1)
1,424 (61.3)

241 (31.0)
279 (35.9)
258 (33.2)
230 (29.6)
40 (5.1)
67 (8.6)

5,145 (38.8)
4,617 (34.8)
3,496 (26.4)
4,541 (34.3)
1,131 (8.5)
1,414 (10.7)

5,494 (42.3)
4,292 (33.0)
3,204 (24.7)
5,299 (40.8)
1,590 (12.2)
1,631 (12.6)

8,012 (42.0)
6,394 (33.5)
4,683 (24.5)
8,950 (46.9)
2,671 (14.0)
2,722 (14.3)

860 (37.0)
835 (35.9)
628 (27.0)
1,362 (58.6)
373 (16.1)
399 (17.2)

< 0.001
< 0.001
< 0.001

143 (18.4)
234 (30.1)
75 (9.6)
109 (14.0)

3,148 (23.7)
5,006 (37.8)
931 (7.0)
2,045 (15.4)

3,256 (25.1)
5,286 (40.7)
781 (6.0)
1,950 (15.0)

4,750 (24.9)
7,725 (40.5)
1,015 (5.3)
2,712 (14.2)

615 (26.5)
972 (41.8)
103 (4.4)
338 (14.6)

< 0.001
< 0.001
< 0.001
0.035

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Values are presented as mean± standard deviation, number (%), or median (25th–75th percentile).
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Figure 1. Cumulative incidence of major adverse cardiovascular events (A) and all-cause mortality (B) in people with diabetes by body mass index (BMI) categories.
Table 2. HRs for major adverse cardiovascular events risk in people with diabetes by body mass index categories
Body mass index
(kg/m2)
Total
< 18.5
18.5–22.9
23.0–24.9
25.0–29.9
≥ 30.0
Male
< 18.5
18.5–22.9
23.0–24.9
25.0–29.9
≥ 30.0
Female
< 18.5
18.5–22.9
23.0–24.9
25.0–29.9
≥ 30.0

HR (95% CI)

PY

No. of events

Event rate
(per 1,000 PY)

Unadjusted

Adjusted 1*

Adjusted 2†

6,603
126,532
127,824
188,465
22,977

146
2,163
1,897
2,813
341

22.1
17.1
14.8
14.9
14.8

1.32 (1.11–1.56)
1.00 (Reference)
0.87 (0.81–0.92)
0.87 (0.82–0.92)
0.86 (0.77–0.97)

1.06 (0.90–1.25)
1.00 (Reference)
0.93 (0.87–0.99)
0.97 (0.92–1.02)
1.04 (0.93–1.17)

1.09 (0.92–1.29)
1.00 (Reference)
0.91 (0.85–0.97)
0.93 (0.88–0.98)
0.95 (0.84–1.06)

4,017
75,315
77,800
108,578
9,141

89
1,298
1,143
1,487
121

22.2
17.2
14.7
13.7
13.2

1.31 (1.06–1.63)
1.00 (Reference)
0.85 (0.78–0.92)
0.90 (0.84–0.97)
0.96 (0.80–1.15)

1.06 (0.85–1.31)
1.00 (Reference)
0.93 (0.86–1.01)
0.93 (0.86–1.00)
1.00 (0.83–1.20)

1.05 (0.84–1.30)
1.00 (Reference)
0.92 (0.85–1.00)
0.90 (0.84–0.97)
0.91 (0.75–1.10)

2,586
51,217
50,024
79,887
13,836

57
865
754
1,326
220

22.0
16.9
15.1
16.6
15.9

1.33 (1.01–1.73)
1.00 (Reference)
0.89 (0.81–0.98)
0.98 (0.90–1.07)
0.94 (0.81–1.09)

1.07 (0.82–1.40)
1.00 (Reference)
0.92 (0.83–1.01)
1.02 (0.94–1.11)
1.09 (0.94–1.26)

1.18 (0.90–1.54)
1.00 (Reference)
0.89 (0.81–0.98)
0.96 (0.88–1.05)
0.99 (0.85–1.15)

*Adjusted for sex and age; †Adjusted for sex, age, systolic blood pressure, fasting glucose, total cholesterol, drinking status, smoking status, physical exercise, household income,
use of anti-hypertensive drugs, use of statin drugs, use of anti-platelet drugs, and use of glucose-lowering drugs (metformin, sulfonylurea, insulin, and other glucose-lowering drugs).
HR, hazard ratio; PY, person-years; CI, confidence interval.
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significant after additional adjustments for comorbidities, except in

ings remained (underweight: HR, 1.65; 95% CI, 1.43−1.90; over-

obese class II people. When MACE occurring less than 3 years af-

weight: HR, 0.75; 95% CI, 0.70−0.81; obese I: HR, 0.69; 95% CI,

ter the index date were excluded, similar findings remained (over-

0.65−0.75; obese II: HR, 0.77; 95% CI, 0.66−0.90) (data not

weight: HR, 0.91; 95% CI, 0.85−0.98; obese class I: HR, 0.93; 95%

shown). However, in the sex-specific analysis, the lower risk of all-

CI, 0.88−1.00) (data not shown). According to the sex-specific

cause mortality in people categorized as obese class II remained

analysis, overweight and obese class I men had a significantly lower

significant in men (HR, 0.60; 95% CI, 0.48−0.76) but not in wom-

risk of MACE (overweight: HR, 0.92; 95% CI, 0.85−1.00; obese

en (HR, 0.90; 95% CI, 0.74−1.09).

class I: HR, 0.90; 95% CI, 0.84−0.97). However, in women, only

According to the subgroup analyses by individual characteristics,

an overweight BMI was significantly associated with a lower risk of

the association of BMI with MACE and all-cause mortality did not

MACE (HR, 0.89; 95% CI, 0.81−0.98).

differ by age, smoking, or hypertensive status. However, in people

Table 3 shows all-cause mortality according to BMI group. In an

who use diabetes medication, underweight BMI was associated

unadjusted model, people with an underweight BMI had a signifi-

with a significantly higher risk of MACE (HR, 1.40; 95% CI,

cantly higher risk of all-cause mortality than did those with a nor-

1.10−1.78), whereas people not using diabetes medication had a

mal-weight BMI (HR, 2.56; 95% CI, 2.26–2.90). People with

lower, but not significant, risk of MACE (HR, 0.95; 95% CI,

overweight and obese BMIs had a significantly lower risk of all-

0.75−1.19) (Fig. 2).

cause mortality (overweight: HR, 0.64; 95% CI, 0.60−0.69; obese

When classified by MACE subtype, underweight people had a

class I: HR, 0.54; 95% CI, 0.51−0.58; obese class II: HR, 0.51;

higher risk of cardiovascular death (HR, 1.50; 95% CI, 1.09–2.06)

95% CI, 0.44−0.59). This association remained significant after ad-

and hospitalization for myocardial infarction (HR, 1.43; 95% CI,

ditional adjustments for confounders. In addition, when deaths oc-

1.06–1.94) than those classified as normal-weight. However, peo-

curring less than 3 years after the index date were excluded to mini-

ple classified as overweight and obese I had a lower risk of cardio-

mize any effects of pre-existing disease on mortality, similar find-

vascular death (overweight: HR, 0.80; 95% CI, 0.69–0.94; obese I:

Table 3. HRs for all-cause mortality in people with diabetes by body mass index categories
Body mass index
(kg/m2)
Total
< 18.5
18.5–22.9
23.0–24.9
25.0–29.9
≥ 30.0
Male
< 18.5
18.5–22.9
23.0–24.9
25.0–29.9
≥ 30.0
Female
< 18.5
18.5–22.9
23.0–24.9
25.0–29.9
≥ 30.0

HR (95% CI)

PY

No. of events

Event rate
(per 1,000 PY)

Unadjusted

Adjusted 1*

Adjusted 2†

6,964
133,873
134,816
199,439
24,279

277
2,146
1,402
1,741
200

39.8
16.0
10.4
8.7
8.2

2.56 (2.26–2.90)
1.00 (Reference)
0.64 (0.60–0.69)
0.54 (0.51–0.58)
0.51 (0.44–0.59)

1.89 (1.67–2.14)
1.00 (Reference)
0.72 (0.67–0.77)
0.65 (0.61–0.69)
0.74 (0.64–0.86)

1.75 (1.54–1.99)
1.00 (Reference)
0.74 (0.69–0.79)
0.67 (0.63–0.71)
0.73 (0.63–0.85)

4,220
79,570
81,844
114,309
9,614

192
1,496
943
1,039
74

45.5
18.8
11.5
9.1
7.7

2.50 (2.15–2.91)
1.00 (Reference)
0.61 (0.56–0.66)
0.48 (0.44–0.52)
0.41 (0.32–0.51)

1.88 (1.61–2.18)
1.00 (Reference)
0.69 (0.64–0.75)
0.60 (0.55–0.65)
0.59 (0.47–0.75)

1.67 (1.44–1.95)
1.00 (Reference)
0.72 (0.67–0.78)
0.63 (0.58–0.69)
0.60 (0.48–0.76)

2,744
54,303
52,972
85,130
14,665

85
650
459
702
126

31.0
12.0
8.7
8.2
8.6

2.67 (2.13–3.35)
1.00 (Reference)
0.72 (0.64–0.81)
0.69 (0.62–0.76)
0.71 (0.59–0.86)

1.93 (1.54–2.42)
1.00 (Reference)
0.78 (0.69–0.88)
0.75 (0.68–0.84)
0.93 (0.76–1.12)

2.00 (1.59–2.51)
1.00 (Reference)
0.77 (0.69–0.87)
0.74 (0.66–0.83)
0.90 (0.74–1.09)

*Adjusted for sex and age; †Adjusted for sex, age, systolic blood pressure, fasting glucose, total cholesterol, drinking status, smoking status, physical exercise, household income,
use of anti-hypertensive drugs, use of statin drugs, use of anti-platelet drugs, and use of glucose-lowering drugs (metformin, sulfonylurea, insulin, and other glucose-lowering drugs).
HR, hazard ratio; PY, person-years; CI, confidence interval.
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A

Major adverse cardiovascular events

Figure 2. Subgroup analyses of association of body mass index categories with major adverse cardiovascular events (A) and all-cause mortality (B). These analyses were
adjusted to address potential confounding by sex, age, systolic blood pressure, fasting glucose, total cholesterol, drinking status, smoking status, physical exercise, household income, use of anti-hypertensive drugs, use of statin drugs, use of anti-platelet drugs, and use of glucose-lowering drugs. PY, person-years; HR, hazard ratio; CI, confidence interval.
(Continued to the next page)
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B

All-cause mortality

Figure 2. Continued.
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HR, 0.77; 95% CI, 0.67–0.89) and hospitalization for stroke (over-

tive effect.17-19 It may act as a “metabolic sink,” removing dietary tri-

weight: HR, 0.92; 95% CI, 0.86–0.99; obese I: HR, 0.91; 95% CI,

glycerides.20,21 Second, muscle mass prevents insulin resistance and

0.85–0.97) (Supplementary Fig. 1).

therefore has a protective effect in CVD. However, underweight
people may have low muscle mass, as BMI is positively correlated

DISCUSSION

with muscle mass, particularly in the elderly.22 In this study, the underweight group was less physically active than the higher BMI

In this analysis of nationwide follow-up data on Korean adults,

groups. Third, genetic hypotheses can explain the advantages ob-

overweight and obese people had a lower risk for MACE and all-

served in the group categorized as obese. Underweight and normal-

cause mortality in people with diabetes. When classified by the

weight BMI people with diabetes may be genetically predisposed

specific subtype of MACE, underweight people had a higher risk

to a higher risk of cardiovascular events.8

for cardiovascular death and myocardial infarction than those with

We found that the groups with an overweight and obese BMI

the normal-weight classification. However, overweight and obese

had lower all-cause mortality than the normal-weight BMI group;

people had a lower risk for cardiovascular death and stroke.

however, the highest mortality was in the underweight BMI group.

Previous studies reported that obesity had adverse effects on
CVD.

Conflicting results have been reported regarding obesity and all-

In China, underweight BMI ( < 18.5 kg/m ) and obese

cause mortality. In particular, a previous study reported improve-

BMI (≥ 25.0 kg/m ) were associated with a higher risk of CVD in

ments in the long-term outcomes of CVD in obese diabetic people

people with type 2 diabetes mellitus (T2DM). In England, people

after bariatric surgery.23 However, the causes underlying the benefi-

classified as overweight or obese (BMI ≥ 25.0 kg/m2) had a higher

cial effects of bariatric surgery are not limited to weight reduction.24

risk of cardiac events, including acute coronary syndrome and

Additionally, the Look Action for Health in Diabetes trial, a multi-

heart failure, than those of normal-weight (BMI 18.5−24.9 kg/m )

center randomized controlled trial, concluded that an intensive life-

in people with T2DM. Overweight and obese (BMI ≥ 25.0 kg/

style intervention focused on weight loss improved glycemic con-

m ) people had a higher risk of CVD compared with those classi-

trol but did not reduce the rate of cardiovascular events.25 Addition-

fied as normal-weight in the Swedish National Diabetes Register

ally, Tobias et al.12 suggested that the obesity paradox can be ex-

study.15 Although overweight and obesity have adverse effects on

plained by reverse causality or confounding factors; thus, restricting

CVDs, many studies suggest an obesity paradox in which over-

the analysis to people with incident diabetes and excluding people,

weight and obese people have a better prognosis for CVD than un-

such as smokers, those 65 years of age or older, and those with

derweight people. The mechanisms for this paradox are unclear.

known illnesses at baseline, are imperative for reducing bias. How-

However, some characteristics of obese people, such as younger

ever, previous studies attempted to remove bias and found that the

age, lower prevalence of smoking, and use of cardiac medications

obesity paradox still existed among people with diabetes.26,27 Al-

for high blood pressure, may explain a lower risk of CVD.16 Our

though we did not consider important factors, such as the duration

study also showed that obese people were younger-aged; had high-

of diabetes or glycated hemoglobin levels, we also observed the

er blood pressure; were more likely to use medication such as an

obesity paradox after adjusting for confounding factors, such as sex,

anti-hypertensive, statin, or anti-platelet; and were less likely to

age, hypertension, and use of glucose-lowering drugs, using a strati-

smoke. Thus, use of drugs and lifestyle modifications by obese

fication analysis.

7,9,15

2

2

7

2

9

2

16

people may affect the risk of MACE, although we controlled for
these factors.

This study had several limitations that should be addressed. First,
the outcomes in this study were based on diagnoses obtained from

Several mechanisms may explain the observed higher risk for

health insurance claims data. Although previous validation studies

MACE associated with underweight BMI. First, increased fat, if

for the identification of CVD events showed positive rates of 71.4%

properly distributed, can provide some benefits. Several studies

for myocardial infarction and 83.4% for ischemic stroke, there were

have suggested that subcutaneous peripheral fat has a cardioprotec-

potential disease misclassifications, biasing the observed difference-
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in-difference estimate toward the null.28,29 Additionally, due to inac-

They can be found via https://doi.org/10.7570/jomes.2018.27.1.61.

curacies in the diagnostic codes in the claims data, we included all
types of diabetes mellitus in this study without distinguishing be-
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