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OBJECTIVE

Despite the benefits of weight loss on metabolic profiles in patients with type 2 
diabetes mellitus (T2DM), its association with myocardial infarction (MI), ische-
mic stroke (IS), atrial fibrillation (AF), heart failure (HF), and all-cause death 
remains elusive.

RESEARCH DESIGN AND METHODS

Using the National Health Insurance Service Database, we screened subjects who 
underwent general health checkups twice in a 2-year interval between 2009 and 
2012. After identifying 1,522,241 patients with T2DM without a previous history 
of MI, IS, AF, and HF, we followed them until December 2018. Patients were 
stratified according to the magnitude of weight changes between two general 
health checkups: # 210%, 210 to # 25%, 25 to  #5%, 5 to #10%, and >10%.

RESULTS:

During the follow-up (median 7.0 years), 32,106 cases of MI, 44,406 cases of IS, 
34,953 cases of AF, 68,745 cases of HF, and 84,635 all-cause deaths occurred. 
Patients with weight changes of 25 to  #5% showed the lowest risk of each car-
diovascular event. Both directions of weight change were associated with an 
increased cardiovascular risk. Stepwise increases in the risks of MI, IS, AF, HF, 
and all-cause death were noted with progressive weight gain (all P < 0.0001). 
Similarly, the more weight loss occurred, the higher the cardiovascular risks 
observed (all P < 0.0001). The U-shaped associations were consistently observed 
in both univariate and multivariate analyses. Explorative subgroup analyses also 
consistently showed a U-shaped association.

CONCLUSION

Both weight loss and gain >5% within a 2-year interval were associated with an 
increased risk of major cardiovascular events in patients with T2DM.

Type 2 diabetes mellitus (T2DM) is a prevalent disease worldwide, and its burden 
has progressively increased over the last decades (1). Numerous attempts have
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been made to improve the clinical out-
comes of patients with T2DM because of
its substantial contribution to cardiovas-
cular morbidity and mortality (2). Phar-
macologic and nonpharmacologic appr
oaches have both been investigated (3,4)
and have shown therapeutic benefits
mainly by improving metabolic profiles
and decreasing microvascular complica-
tions (5). Recently, sodium–glucose cotra
nsporter-2 (SGLT2) inhibitors and gluca-
gon-like peptide-1 (GLP1) agonists have
demonstrated their remarkable benefits
in reducing major cardiovascular events
in randomized controlled trials (6–8).
Obesity is a major risk factor for T2DM

(9). Previous studies reported that weight
loss in obese patients with T2DM can lead
to a reduction in blood glucose, HbA1c,
and triglyceride levels (10–14). They also
reported that weight loss is associated
with improvements in regulating blood
pressure and LDL and HDL cholesterol lev-
els. However, these reports were based
on a relatively small number of subjects
and short-term follow-up duration and
only showed improvements in metabolic
profiles, but not in major cardiovascular
events (10–14). In this regard, a paucity of
data exists on whether weight loss could
reduce major adverse cardiovascular out-
comes in patients with T2DM. By contrast,
recent studies have demonstrated that
weight variability is associated with an
increased risk of cardiovascular outcomes
in patients with diabetes (15,16). Taken
together, whether weight loss could
improve major cardiovascular outcomes is
unclear among overweight or obese pa
tients with T2DM in the long-term follow-
up. In addition, data regarding how under-
weight or normal-weight patients with
T2DM should be managed in terms of
their body weight are scarce (17).
Therefore, we aimed to investigate the

association between weight changes and
major cardiovascular outcomes, including
myocardial infarction (MI), ischemic stroke
(IS), atrial fibrillation (AF), heart failure
(HF), and all-cause death in patients with
T2DM by using a nationwide database.

RESEARCH DESIGN AND METHODS

Ethical Statement
The study was conducted in accordance
with the Declaration of Helsinki. It was
approved by our Institutional Review
Board (IRB No. E-2107-013-1232). The

need for informed consent was waived
because anonymized data were used.

Data Source and Study Population
This nationwide population-based cohort
study used data from the Korean National
Health Insurance Service (NHIS) database. A
summary of the NHIS database has been
previously reported (18,19). In brief, the
NHIS is a single public insurer that covers
the entire Korean population and encour-
ages eligible Korean adults to receive gen-
eral health checkups provided by the NHIS
biannually. Therefore, the NHIS database
includes individual demographic informa-
tion, history of diagnoses, and results of
health checkups. Individuals’ history of diag-
noses was coded according to the ICD-10-
CM. We also obtained mortality data from
Statistics Korea, as described previously
(20).
The study design and flowchart of the

selection of study subjects are shown in
Fig. 1A and B. We identified 2,746,988
patients diagnosed with T2DM in general
health checkups between 1 January 2009
and 31 December 2012. Patients who
were newly diagnosed at health check-
ups and those who had been previously
diagnosed with T2DM were included.
This study included adult patients (age
$20 years) who underwent both first
and second general health checkups
before 31 December 2012. We excluded
subjects who had a previous history of
MI, IS, AF, and/or HF before their second
general health checkup. Patients with
missing data during the general health
checkups were also excluded. A total of
1,522,241 patients with T2DM were
finally included and followed up until
December 2018. The index date was the
date of the second general health check-
ups, and data on baseline characteristics
were collected from the index date.

Definitions of Diabetes and Body
Weight Change
Patients with T2DM were defined as fol-
lows: 1) having at least one claim per year
for a prescription of antidiabetes medica-
tion under ICD-10-CM codes (i.e., E11–14)
from the insurance claims data or 2) having
a fasting blood glucose (FBG) $126 mg/dL
in the general health checkups without a
prescription of oral hypoglycemic agents or
insulin (21,22). Antidiabetes medications
included metformin, sulfonylureas, megliti-
nides, dipeptidyl peptidase 4 inhibitors,
thiazolidinediones, a-glucosidase inhibitors,

and insulin. Care was taken to exclude
patients with type 1 diabetes (ICD-10-CM
code E10). Medications were assessed at
the index year, and T2DM duration was
measured from the first diagnosis of T2DM
up to the index date.
Body weight change was calculated as

the difference in body weight between
the first and second general health check-
ups (Fig. 1A). Patients were categorized
into five groups according to body weight
change between first and second general
health checkups: severe weight loss group
(weight change of # �10%), moderate
weight loss group (weight change of �10
to # �5%), stable weight group (weight
change of �5 to #5%), moderate weight
gain group (weight change of 5 to
#10%), and severe weight gain group
(weight change of >10%) (Fig. 1B).

Definitions of Covariates and Clinical
End Points
The date of the second general health
checkup in each subject was designated as
an index date. Demographic data, anthro-
pometric data, and a previous history of
hypertension, dyslipidemia, chronic kidney
disease, peripheral artery disease, chronic
obstructive pulmonary disease, cancer, and
hyperthyroidism were obtained. In addition,
data on lifestyle behaviors, T2DM duration,
and use of insulin and/or oral hypoglycemic
agents were collected. Data on alcohol con-
sumption and physical activity were col-
lected via a self-reported questionnaire.
Specifically, average alcohol intake per day
(g/day) was analyzed to evaluate alcohol
consumption, and patients were subse-
quently categorized into non, mild (<30 g/
day), and heavy ($30 g/day) drinkers. Reg-
ular physical activity was defined as moder-
ate intensity exercise taken for >30 min
and $5 days/week or vigorous intensity
exercise taken for >20 min and $3 days/
week. Examples of moderate or vigorous
intensity exercise type were previously
reported (20). Low income level was
defined as the composite of the lowest
quartile of yearly income in addition to
Medicare beneficiaries.

We defined newly diagnosed cardiovas-
cular events of MI, IS, AF, HF, and all-
cause death as the study end points (Fig.
1A). These end points were defined based
on the ICD-10-CM codes with additional
conditions. Detailed definitions of comor-
bidities and study end points are provided
in Supplementary Table 1. The date of
death was also obtained from the NHIS
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database and Statistics Korea. Follow-up
duration was defined as the interval between
the index date and the first occurrence of
the aforementioned study end points.

Statistical Analysis
Data are presented as numbers and fre-
quencies for categorical variables and as
means ± SDs or medians with interquartile
ranges for continuous variables. For cate-
gorical variables, the x2 test or Fisher exact
test was used, as appropriate. One-way
ANOVA was used to analyze continuous
variables between more than two groups.
The annual event incidence rates (aIR)
were calculated as the number of events
per 1,000 person-years (PY). Multivariate
Cox proportional hazard regression models

were used to estimate hazard ratios (HRs)
and corresponding 95% CIs for the associa-
tions between weight changes and cardio-
vascular outcomes. Patients with body
weight changes of �5 to #5% were
adopted as a reference group in multivari-
ate analyses. The multivariable models
were adjusted for covariates including age,
sex, previous history of hypertension, dysli-
pidemia, cancer, hyperthyroidism, chronic
kidney disease, peripheral artery disease,
chronic obstructive pulmonary disease,
income level, smoking status, drinking
habit, regular physical activity, insulin med-
ication, use of oral hypoglycemic agents,
and obesity defined by BMI $25 kg/m2.
Subgroup analyses were separately conducted
according to age, sex, obesity, T2DM duration,

and T2DM medication using Cox models. A
two-sided P value of <0.05 was considered
statistically significant. All statistical analyses
were performed using SAS 9.4 software (SAS
Institute, Cary, NC).

Data and Resource Availability
All raw data were accessible from designated
terminals approved by the NHIS. For reason-
able request, data are available through
approval and oversight by the Korean NHIS.

RESULTS

Baseline Characteristics of the Study
Population
In total, 1,522,241 patients with T2DM,
but without a previous history of MI, IS,
AF, and HF (mean age, 56.3 ± 12.0 years;

Figure 1—Study population. Study design (A) and flowchart of the selection of subjects (B).
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men, 969,118 [63.7%]), were analyzed.
Hypertension was present in 787,078
patients (51.7%), dyslipidemia in 606,618
patients (39.9%), and chronic kidney dis-
ease in 122,128 patients (8.0%). With
regard to medication for T2DM, 667,582
(43.9%) patients were free of antidiabetes
medication, 839,513 (55.2%) patients
took oral antihypoglycemic agents, and
100,238 (6.6%) patients were on insulin
therapy.
Patients were categorized into five

groups according to body weight change,
and the baseline characteristics of each
group are shown in Table 1. The weight
gain groups were younger, had a higher
BMI, and had a lower prescription rate of
oral hypoglycemic agents than the weight
loss groups. The weight loss groups
showed better metabolic profile changes
(i.e., decrease of blood pressure and
improvement of lipid profiles).

U-Shaped Association Between
Cardiovascular Events and Body
Weight Change
During the median follow-up of 7.03
years (interquartile range 6.13–7.53),
32,106 cases of MI, 44,406 cases of IS,
34,953 cases of AF, 68,745 cases of HF,
and 84,635 cases of all-cause death
occurred. The aIRs of MI were 4.29, 3.62,
3.06, 3.19, and 3.59 per 1,000 PY for
severe weight loss, moderate weight loss,
stable weight, moderate weight gain, and
severe weight gain groups, respectively.
After adjusting for covariates, both weight
loss (HR 1.24, 95% CI 1.17–1.32 for the
severe weight loss group; HR 1.11, 95%
CI 1.08–1.15 for the moderate weight
loss group) and weight gain (HR 1.08,
95% CI 1.04–1.12 for the moderate
weight gain group; HR 1.17, 95% CI
1.09–1.25 for the severe weight gain
group) were significantly associated with
an increased risk of MI compared with
the stable weight group (Fig. 2A and
Supplementary Table 2). With regard to
IS, the aIRs were 6.21, 5.07, 4.23, 4.44,
and 5.25 per 1,000 PY in groups of weight
change of # �10%, �10 to # �5%, �5
to #5% , 5 to #10%, and >10%, respec-
tively. Multivariate Cox regression analy-
ses demonstrated a higher risk of IS in
the weight loss groups (HR 1.20, 95% CI
1.14–1.26 for the severe weight loss
group; HR 1.09, 95% CI 1.06–1.12 for the
moderate weight loss group) and weight
gain groups (HR 1.10, 95% CI 1.06–1.14
for the moderate weight gain group;

HR 1.24, 95% CI 1.07–1.31 for the
severe weight gain group) (Fig. 2B and
Supplementary Table 2).
Similar associations with body weight

changes were observed in AF and HF.
The aIRs of AF were 4.53, 3.81, 3.38,
3.35, and 3.86 per 1,000 PY for the
severe weight loss, moderate weight
loss, stable weight, moderate weight
gain, and severe weight gain groups,
respectively. As body weight changed,
either increasing or decreasing, the risk
of AF progressively increased and
showed a U-shaped association (HR
1.24, 95% CI 1.17–1.31 for the severe
weight loss group; HR 1.09, 95% CI
1.06–1.13 for the moderate weight loss
group; HR 1.03, 95% CI 0.99–1.08 for
the moderate weight gain group; and
HR 1.15, 95% CI 1.08–1.23 for the
severe weight gain group) (Fig. 2C and
Supplementary Table 2). HF also
showed a U-shaped association with
body weight changes (aIR 10.73, 7.95,
6.44, 7.00, and 8.77 per 1,000 PY across
groups from severe weight loss to
severe weight gain). The risks for HF
were as follows: HR 1.41, 95% CI 1.36–
1.47; HR 1.14, 95% CI 1.11–1.16; HR
1.13, 95% CI 1.10–1.16; and HR 1.35,
95% CI 1.30–1.42 in the severe weight
loss, moderate weight loss, moderate
weight gain, and severe weight gain
groups, respectively, when the stable
weight group was set as the reference
(Fig. 2D and Supplementary Table 2).
Weight loss and gain were associated

with higher risks of all-cause death. The
aIRs of mortality were 19.04, 10.80,
7.35, 8.62, and 12.09 per 1,000 PY for
severe weight loss, moderate weight
loss, stable weight, moderate weight
gain, and severe weight gain groups,
respectively. Mortality risk was signifi-
cantly increased in both weight loss (HR
1.87, 95% CI 1.82–1.92 and HR 1.26,
95% CI 1.24–1.29 for the severe weight
loss and moderate weight loss groups,
respectively) and weight gain groups
(HR 1.23, 95% CI 1.20–1.27 and HR
1.63, 95% CI 1.57–1.70 for the severe
weight gain and moderate weight gain
groups, respectively) (Fig. 2E and
Supplementary Table 2).

Subgroup Analyses for
Cardiovascular Events
To determine whether the prognostic
effect of body weight changes is modified
by baseline BMI status, we stratified the

subjects into two groups: patients with
BMI <25 kg/m2 and those with BMI $25
kg/m2 (Supplementary Fig. 1). Regardless
of baseline BMI status, both weight loss
and weight gain were consistently associ-
ated with higher risks of MI, IS, AF, HF,
and all-cause death; even weight gain in
patients with BMI <25 kg/m2 and weight
loss in those with BMI $25 kg/m2 were
associated with increased risks compared
with the stable weight group. In addition
to BMI, we performed explorative sub-
group analyses, and the results for each
of MI, IS, AF, HF, and all-cause death are
provided in Supplementary Tables 3–7.
Briefly, a U-shaped association between
weight change and major cardiovascular
events was again observed in all sub-
groups stratified by age, sex, T2DM dura-
tion, and use of antidiabetes medication.

CONCLUSIONS

In this study, we investigated the associa-
tion between body weight changes and
major cardiovascular events in patients
with T2DM, but without a previous history
of major cardiovascular events, including
MI, IS, AF, and HF. The main findings are
summarized as follows. First, approxi-
mately one-fourth of the patients experi-
enced weight loss or weight gain of >5%
at 2 years of follow-up in a large nation-
wide population-based T2DM cohort. Sec-
ond, U-shaped associations between body
weight change and major cardiovascular
events (i.e., MI, IS, AF, and HF), and all-
cause death were observed (Fig. 3). Third,
these U-shaped associations were consis-
tently observed in explorative subgroup
analyses according to age, sex, obesity,
T2DM duration, and T2DM medication.
Several studies have shown metabolic

profile improvement in patients with
T2DM who experienced weight loss dur-
ing follow-up. In particular, the United
Kingdom Prospective Diabetes Study
included 3,044 patients with T2DM and
showed an association between weight
loss and decreased HbA1c and FBG levels
after a 3-month follow-up (13). Franz
et al. (23) reported that in 179 patients
with T2DM with only 6 months of follow-
up, patients who experienced proper
nutrition treatment could receive benefits,
including weight loss and improvement in
FBG, HbA1c, and serum lipid levels. Several
meta-analyses also showed that weight loss
in patients with T2DM is associated with met-
abolic profile improvement (24,25). Based on

4 Weight Change and Cardiovascular Events in T2DM Diabetes Care 
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these reports, the current guidelines rec-
ommend weight loss in patients with
T2DM who are overweight or obese (17).
However, no data are available directly
showing associations between weight loss
in patients with T2DM and reduction in
cardiovascular morbidities and mortality.
This issue is of clinical value, because
improvement in surrogate markers, such
as FBG, HbA1c, and serum lipid profiles, is
not always translated into improvement
in hard clinical end points. To deal with
this important issue, a long-term follow-
up period may be required. Proving the
benefits of hyperglycemia control on
major cardiovascular events requires a
prolonged follow-up period compared

with those on microvascular complica-
tions (5,26). In this regard, the aforemen-
tioned studies had insufficient follow-up
duration to evaluate the association
between body weight loss and major car-
diovascular events. Moreover, as the clini-
cal implication of weight changes in
underweight patients with T2DM has
rarely been investigated (27), this issue
remains unclear in the current practice
guidelines (17). The Korean nationwide
database provides a good opportunity to
unveil the association between body
weight changes and cardiovascular events
because of the large number of unse-
lected participants with T2DM and long-
term follow-up period.

Increasing risks of cardiovascular events
in association with weight gain are in line
with previous reports (28,29), but increas-
ing risks of cardiovascular events in rela-
tion to weight loss, even with blood
pressure reduction and lipid profiles
improvement, could be counterintuitive
and surprising. These observations have
several plausible explanations. Weight
loss is associated with a reduction in fat
mass and lean mass (30). Caloric restric-
tion and weight loss could lead to inci-
dent hypoglycemic events and frailty in
patients with T2DM (31). Body weight
variability, regardless of weight gain or
loss, has been reported to have an
effect on increased risks of various

Table 1—Clinical characteristics according to body weight change in patients with diabetes

Body weight change

# �10% �10 to # �5% �5 to # 5% 5 to #10% >10%

n 5 47,992 n 5 187,891 n 5 1,123,639 n 5 126,343 n 5 36,376 P value

Demographics
Age, years 58.4 ± 13.5 57.6 ± 12.0 56.3 ± 11.7 54.4 ± 12.9 53.9 ± 14.3 <0.0001
Sex <0.0001

Male 24,075 (50.2) 107,484 (57.2) 735,633 (65.5) 79,974 (63.3) 21,952 (60.4)
Female 23,917 (49.8) 80,407 (42.8) 388,006 (34.5) 46,369 (36.7) 14,424 (39.7)

BMI, kg/m2 22.7 ± 3.4 23.9 ± 3.2 25.0 ± 3.2 25.7 ± 3.6 26.2 ± 4.0

Comorbidities

Hypertension 24,180 (50.4) 95,500 (50.8) 584,997 (52.1) 64,025 (50.7) 18,376 (50.5) <0.0001
Dyslipidemia 18,256 (38.0) 74,958 (39.9) 448,569 (39.9) 50,274 (39.8) 14,561 (40.0) <0.0001
Chronic kidney disease 4,807 (10.0) 15,812 (8.4) 87,559 (7.8) 10,460 (8.3) 3,490 (9.6) <0.0001
Peripheral artery disease 1,791 (3.7) 6,593 (3.5) 36,079 (3.2) 3,963 (3.1) 1,156 (3.2) <0.0001
COPD 4,816 (10.0) 16,164 (8.6) 84,196 (7.5) 9,901 (7.8) 3,020 (8.3) <0.0001
Cancer 4,568 (9.5) 11,787 (6.3) 53,764 (4.8) 6,165 (4.9) 1,905 (5.2) <0.0001
Hyperthyroidism 1,001 (2.1) 2,391 (1.3) 10,155 (0.9) 1,562 (1.2) 774 (2.1) <0.0001

Social history

Low income level 10,851 (22.6) 40,346 (21.5) 227,863 (20.3) 27,422 (21.7) 8,280 (22.8) <0.0001
Smoking <0.0001

Nonsmoker 29,714 (61.9) 107,436 (57.2) 581,722 (51.8) 65,299 (51.7) 19,521 (53.7)
Former smoker 7,169 (14.9) 31,838 (16.9) 235,819 (21.0) 26,501 (21.0) 7,129 (19.6)
Current smoker 11,109 (23.2) 48,617 (25.9) 306,098 (27.2) 34,543 (27.3) 9,726 (26.7)

Alcohol consumption <0.0001
Nondrinker 32,101 (66.9) 111,507 (59.4) 578,162 (51.5) 65,598 (51.9) 20,386 (56.0)
Mild drinker 12,651 (26.4) 60,254 (32.1) 429,860 (38.3) 48,142 (38.1) 12,719 (35.0)
Heavy drinker 3,240 (6.8) 16,130 (8.6) 115,617 (10.3) 12,603 (10.0) 3,271 (9.0)

Regular physical activity 10,501 (21.9) 43,237 (23.0) 256,253 (22.8) 25,205 (20.0) 6,628 (18.2) <0.0001

Antidiabetes medication

Medication-naïve 18,068 (37.7) 73,220 (39.0) 499,739 (44.5) 60,154 (47.6) 16,401 (45.1) <0.0001
Oral hypoglycemic agent 29,239 (60.9) 112,819 (60.0) 613,730 (54.6) 64,494 (51.1) 19,231 (52.9) <0.0001
Insulin 5,285 (11.0) 14,269 (7.6) 66,693 (5.9) 9,979 (7.9) 4,012 (11.0) <0.0001

Metabolic profile changes between 1st and 2nd
general health checkups

Blood pressure
Systolic, mmHg �4.6 ± 17.8 �3.0 ± 16.9 �0.3 ± 16.3 2.3 ± 16.7 3.1 ± 17.6 <0.0001
Diastolic, mmHg 2.9 ± 11.9 �2.0 ± 11.4 �0.5 ± 11.1 0.9 ± 11.3 1.3 ± 11.8 <0.0001

Total cholesterol, mg/dL �15.2 ± 53.5 �10.2 ± 47.6 �5.0 ± 44.5 �1.6 ± 45.9 �0.8 ± 52.6 <0.0001
Triglyceride, mg/dL �43.9 ± 146.7 �33.8 ± 136.7 �9.4 ± 135.2 12.4 ± 137.8 15.2 ± 148.0 <0.0001

Data are presented as mean ± SD or n (%). COPD, chronic obstructive pulmonary disease.

diabetesjournals.org/care Park and Associates 5

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/doi/10.2337/dc21-2299/670891/dc212299.pdf by SEO

U
L N

ATIO
N

AL U
N

IV M
ED

 LIB user on 04 April 2022



cardiovascular events (15,16,22). Taken
together, the longer-term association
between weight loss and cardiovascu-
lar events in patients with T2DM is
possibly more complicated than we
have expected based only on simple
metabolic profile improvement with
relatively limited follow-up duration.
Meticulous and intensive care with medi-

cal nutrient education is difficult to perform
in a real-world clinical setting; however, this
has been performed in previous randomized
controlled trials (10,11,13). In addition,
intentional versus unintentional weight loss
could not be easily distinguished in the cur-
rent study. Unintentional weight loss is prev-
alent and has been known to have harmful
effects on clinical prognosis (32–34). There-
fore, weight loss in patients with T2DM
observed in the clinic might not necessarily
reflect metabolic improvement.
Although weight loss was associated

with improvement in the metabolic profiles
in patients with T2DM (13,23–25), it has
been unclear whether weight loss could

also improve clinical outcomes in patients
with T2DM. To our knowledge, this study is
the first to show comprehensive relation-
ships between body weight change and
major cardiovascular events in a sizable
T2DM cohort with a long-term follow-up.
This study has two main strengths. First, it
was based on a nationwide prospective
database officially managed by the Korean
government. Although a randomized con-
trolled trial is the best to prove any
hypothesis, an ethical issue may arise in
a trial demanding weight gain or weight
loss. Therefore, a well-designed observa-
tional study including a large number of
subjects with a long-term follow-up period is
the best alternative and could provide valu-
able information. Second, we performed sev-
eral statistical analyses and showed that the
interaction between body weight change
and cardiovascular outcomes in patients with
T2DM was consistent in univariate and multi-
variate analyses to minimize bias. This was
also true in the multiple exploratory sub-
group analyses.

This study also has several limitations.
First, this was an observational study.
Despite a large and well-controlled study,
we could not exclude the possibility of
unmeasured confounding factors contrib-
uting to a U-shaped association between
body weight changes and major cardiovas-
cular events. In particular, information on
the family history of T2DM and/or cardio-
vascular events was not available in the
NHIS database.
Second, for the purpose of statistical

analysis, this study categorized all partici-
pants into five groups according to body
weight change based on general health
checkups between 2009 and 2012. This
time point was before the introduction of
SGLT2 inhibitors and GLP1 analogs in
Korea, both of which proved substantial
cardiovascular risk reduction. In addition,
as the use of SGLT2 inhibitors and GLP1
analogs resulted in significant weight loss,
extrapolating the study results to patients
taking these two classes of antidiabetes
medication is not reasonable.

Figure 2—Risks for each of MI (A), IS (B), AF (C), HF (D), and all-cause death (E) according to body weight change. HRs with 95% CIs are presented
as dot and whisker plots after adjusting for covariates (adjusted for age, sex, previous history of hypertension, dyslipidemia, cancer, hyperthyroid-
ism, chronic kidney disease, peripheral artery disease, chronic obstructive pulmonary disease, income level, smoking status, drinking habit, regular
physical activity, insulin medication, use of oral hypoglycemic agents, and obesity defined by BMI $25 kg/m2). The aIRs for each cardiovascular
event are denoted by bars.
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Third, apart from antidiabetes medi-
cation issues, body weight and meta-
bolic profiles might have changed
during the follow-up after the second
general health checkup, information of
which is not available. In addition, we
could not sophisticatedly identify the
reason of weight changes in each sub-
ject (35).
Fourth, we did not assess changes in

cardiorespiratory fitness and had only
crude assessment of physical activity. Car-
diorespiratory fitness is known to be sig-
nificantly reduced in T2DM and obesity
(9). Given the close association of greater
cardiorespiratory fitness with overall
improved clinical outcomes, some inter-
ventions, such as enhanced physical activ-
ity, exercise training, and healthy diet,
have been proposed as effective thera-
peutic strategies to prevent adipose tissue
remodeling and eventually modify prog-
nosis (36–38).
Lastly, the study results were derived

from patients with T2DM. Thus, the
results of the current study are not gen-
eralizable to other populations.
Despite all of the above limitations,

this nationwide cohort enabled us to
provide a notably large number of subjects

with long-term follow-up that effectively
reflected the phenomenon observed in
real-world practice.

Conclusion
In this large nationwide cohort study,
a U-shaped association was found
between body weight change and major
cardiovascular event risks such as MI, IS,
AF, HF, and all-cause death.

Duality of Interest. H.-K.K. reports research
grants from Johnson & Johnson, Handok Pharm,
GSK, Dae-Woong Pharm, Yuhan, Hanmi, ChongKun-
Dang Pharm, Boryung Pharm, and JW Pharm. No
other potential conflicts of interest relevant to this
article were reported.
Author Contributions. C.S.P contributed to
the conception and design of the work,
data interpretation and analysis, and draft-
ing of the manuscript. Y.-J.C., T.-M.R., H.J.L.,
H.-S.L., J.-B.P., and Y.-J.K. contributed to the
conception and design of the work and criti-
cally revised the manuscript. K.-D.H. con-
tributed to the conception, design, data
acquisition, and analysis and critical revision
of the manuscript. H.-K.K. contributed to
conception, design, data acquisition and
interpretation, and critical revision of the
manuscript. K.-D.H. and H.-K.K. and are
guarantors of this work and, as such, had
full access to all the data in the study and

take responsibility for the integrity of the
data and the accuracy of the data analysis.

References
1. Zheng Y, Ley SH, Hu FB. Global aetiology and
epidemiology of type 2 diabetes mellitus and its
complications. Nat Rev Endocrinol 2018;14:
88–98
2. Di Angelantonio E, Kaptoge S, Wormser D,
et al.; Emerging Risk Factors Collaboration.
Association of cardiometabolic multimorbidity
with mortality. JAMA 2015;314:52–60
3. American Diabetes Association. 5. Lifestyle
management: Standards of Medical Care in
Diabetes—2019. Diabetes Care 2019;42(Suppl.
1):S46–S60
4. American Diabetes Association. 9. Pharmacologic
approaches to glycemic treatment: Standards of
Medical Care in Diabetes—2019. Diabetes Care
2019;42(Suppl. 1):S90–S102
5. Tandon N, Ali MK, Narayan KM. Pharmacologic
prevention of microvascular and macrovascular
complications in diabetes mellitus: implications of
the results of recent clinical trials in type 2
diabetes. Am J Cardiovasc Drugs 2012;12:7–22
6. Zinman B,Wanner C, Lachin JM, et al.; EMPA-
REG OUTCOME Investigators. Empagliflozin,
cardiovascular outcomes, and mortality in type 2
diabetes. N Engl J Med 2015;373:2117–2128
7. Marso SP, Daniels GH, Brown-Frandsen K,
et al.; LEADER Steering Committee; LEADER Trial
Investigators. Liraglutide and cardiovascular
outcomes in type 2 diabetes. N Engl J Med
2016;375:311–322
8. Neal B, Perkovic V, Mahaffey KW, et al.;
CANVAS Program Collaborative Group. Cana

Figure 3—U-shaped associations between body weight change and major cardiovascular events were consistently observed.Weight gain and loss
were significantly associated with increased risks of MI, AF, IS, HF, and all-cause death.

diabetesjournals.org/care Park and Associates 7

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/doi/10.2337/dc21-2299/670891/dc212299.pdf by SEO

U
L N

ATIO
N

AL U
N

IV M
ED

 LIB user on 04 April 2022



gliflozin and cardiovascular and renal events in type
2 diabetes. N Engl JMed 2017;377:644–657
9. Bhupathiraju SN, Hu FB. Epidemiology of
obesity and diabetes and their cardiovascular
complications. Circ Res 2016;118:1723–1735
10. Rothberg AE, McEwen LN, Kraftson AT, et al.
Impact of weight loss on waist circumference and
the components of the metabolic syndrome. BMJ
Open Diabetes Res Care 2017;5:e000341
11. Pastors JG, Warshaw H, Daly A, Franz M,
Kulkarni K. The evidence for the effectiveness of
medical nutrition therapy in diabetesmanagement.
Diabetes Care 2002;25:608–613
12. Goldstein DJ. Beneficial health effects of
modest weight loss. Int J Obes Relat Metab
Disord 1992;16:397–415
13. UK Prospective Diabetes Study 7. UK
Prospective Diabetes Study 7: response of fasting
plasma glucose to diet therapy in newly
presenting type II diabetic patients. Metabolism
1990;39:905–912
14. Brown SA, Upchurch S, Anding R, Winter M,
Ram�ırez G. Promoting weight loss in type II
diabetes. Diabetes Care 1996;19:613–624
15. Bangalore S, Fayyad R, DeMicco DA,
Colhoun HM,Waters DD. Body weight variability
and cardiovascular outcomes in patients with
type 2 diabetes mellitus. Circ Cardiovasc Qual
Outcomes 2018;11:e004724
16. Nam GE, Kim W, Han K, et al. Body weight
variability and the risk of cardiovascular outcomes
and mortality in patients with type 2 diabetes: a
nationwide cohort study. Diabetes Care 2020;43:
2234–2241
17. American Diabetes Association. 8. Obesity
management for the treatment of type 2 diabetes:
Standards of Medical Care in Diabetes—2019.
Diabetes Care 2019;42(Suppl. 1):S81–S89
18. Cheol Seong S, Kim YY, Khang YH, et al. Data
resource profile: the National Health Information
Database of the National Health Insurance Service
in South Korea. Int J Epidemiol 2017;46:799–800
19. Seong SC, Kim YY, Park SK, et al. Cohort
profile: the National Health Insurance Service-
National Health Screening Cohort (NHIS-HEALS)
in Korea. BMJ Open 2017;7:e016640

20. Kwon S, Lee HJ, Han KD, et al. Association of
physical activity with all-cause and cardiovascular
mortality in 7666 adults with hypertrophic
cardiomyopathy (HCM): more physical activity is
better. Br J Sports Med 2021;55:1034–1040
21. Kim YG, Han KD, Choi JI, et al. The impact of
body weight and diabetes on new-onset atrial
fibrillation: a nationwide population based study.
Cardiovasc Diabetol 2019;18:128
22. Lee HJ, Choi EK, Han KD, et al. High
variability in bodyweight is associated with an
increased risk of atrial fibrillation in patients with
type 2 diabetes mellitus: a nationwide cohort
study. Cardiovasc Diabetol 2020;19:78
23. FranzMJ, Monk A, Barry B, et al. Effectiveness
of medical nutrition therapy provided by dietitians
in the management of non-insulin-dependent
diabetes mellitus: a randomized, controlled clinical
trial. J AmDiet Assoc 1995;95:1009–1017
24. Terranova CO, Brakenridge CL, Lawler SP,
Eakin EG, Reeves MM. Effectiveness of lifestyle-
based weight loss interventions for adults with
type 2 diabetes: a systematic review and meta-
analysis. Diabetes ObesMetab 2015;17:371–378
25. Zomer E, Gurusamy K, Leach R, et al.
Interventions that cause weight loss and the
impact on cardiovascular risk factors: a syst
ematic review and meta-analysis. Obes Rev
2016;17:1001–1011
26. Stratton IM, Adler AI, Neil HA, et al.
Association of glycaemia with macrovascular and
microvascular complications of type 2 diabetes
(UKPDS 35): prospective observational study.
BMJ 2000;321:405–412
27. Kwon H, Yun JM, Park JH, et al. Incidence of
cardiovascular disease and mortality in underweight
individuals. J Cachexia Sarcopenia Muscle 2021;12:
331–338
28. Wannamethee SG, Shaper AG, Walker M.
Overweight and obesity and weight change in
middle aged men: impact on cardiovascular
disease and diabetes. J Epidemiol Community
Health 2005;59:134–139
29. Rexrode KM, Hennekens CH, Willett WC,
et al. A prospective study of body mass index,

weight change, and risk of stroke in women.
JAMA 1997;277:1539–1545
30. Chaston TB, Dixon JB. Factors associated with
percent change in visceral versus subcutaneous
abdominal fat during weight loss: findings from a
systematic review. Int J Obes 2008;32:619–628
31. Abdelhafiz AH, McNicholas E, Sinclair AJ.
Hypoglycemia, frailty and dementia in older
people with diabetes: reciprocal relations and
clinical implications. J Diabetes Complications
2016;30:1548–1554
32. De Stefani FDC, Pietraroia PS, Fernandes-
Silva MM, Faria-Neto J, Baena CP. Observational
evidence for unintentional weight loss in all-
cause mortality and major cardiovascular events:
a systematic review and meta-analysis. Sci Rep
2018;8:15447
33. Bosch X, Moncl�us E, Escoda O, et al.
Unintentional weight loss: clinical characteristics
and outcomes in a prospective cohort of 2677
patients. PLoS One 2017;12:e0175125
34. Kehler DS, Ferguson T, Stammers AN, et al.
Prevalence of frailty in Canadians 18-79 years old
in the Canadian Health Measures Survey. BMC
Geriatr 2017;17:28
35. Hern�an MA, Taubman SL. Does obesity
shorten life? The importance of well-defined
interventions to answer causal questions. Int J
Obes 2008;32(Suppl. 3):S8–S14
36. Elagizi A, Kachur S, Carbone S, Lavie CJ,
Blair SN. A review of obesity, physical activity,
and cardiovascular disease. Curr Obes Rep
2020;9:571–581
37. Carbone S, Del Buono MG, Ozemek C, Lavie
CJ. Obesity, risk of diabetes and role of physical
activity, exercise training and cardiorespiratory
fitness. Prog Cardiovasc Dis 2019;62:327–333
38. Powell-Wiley TM, Poirier P, Burke LE, et al.;
American Heart Association Council on Lifestyle and
Cardiometabolic Health; Council on Cardiovascular
and Stroke Nursing; Council on Clinical Cardiology;
Council on Epidemiology and Prevention; and
Stroke Council. Obesity and cardiovascular disease:
a scientific statement from the American Heart
Association. Circulation 2021;143:e984–e1010

8 Weight Change and Cardiovascular Events in T2DM Diabetes Care 

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/doi/10.2337/dc21-2299/670891/dc212299.pdf by SEO

U
L N

ATIO
N

AL U
N

IV M
ED

 LIB user on 04 April 2022


