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IMPORTANCE Previous studies have shown a U- or J-shaped association of body mass index
(BMI) or change in BMI with coronary heart disease (CHD) among middle-aged and elderly
adults. However, whether a similar association exists among young adults is unclear.

OBJECTIVE To determine whether an association exists between BMI or BMI change with
CHD among young adults.

DESIGN, SETTING, AND PARTICIPANTS This population-based longitudinal study used data
obtained by the Korean National Health Insurance Service from 2002 to 2015. The study
population comprised 2 611450 men and women aged between 20 and 39 years who
underwent 2 health examinations, the first between 2002 and 2003 and the second
between 2004 and 2005.

EXPOSURES World Health Organization Western Pacific Region guideline BMI categories of
underweight, normal weight, overweight, obese grade 1, and obese grade 2 derived during
the first health examination and change in BMI calculated during the second health
examination.

MAIN OUTCOMES AND MEASURES Body mass index (calculated as weight in kilograms divided
by height in meters squared). Absolute risks (ARs), adjusted hazard ratios (aHRs), and 95%
Cls for acute myocardial infarction or CHD during follow-up from 2006 to 2015.

RESULTS Data from 1802 408 men with a mean (SD) age of 35.1 (4.8) years and 809 042
women with a mean (SD) age of 32.5 (6.3) years were included. The mean (SD) BMI was 23.2
(3.2) for the total population, 24.0 (3.0) for men, and 21.4 (2.9) for women. Compared with
normal weight men, overweight (AR, 1.38%; aHR, 1.18 [95% Cl, 1.14-1.22]), obese grade 1 (AR,
1.86%; aHR, 1.45 [95% Cl, 1.41-1.50]), and obese grade 2 (AR, 2.69%; aHR, 1.97 [95% Cl,
1.86-2.08]) men had an increased risk of CHD (P < .001 for trend). Similarly, compared with
normal weight women, overweight (AR, 0.77%; aHR, 1.34 [95% Cl, 1.24-1.46]), obese grade 1
(AR, 0.95%; aHR, 1.52 [95% Cl, 1.39-1.66]), and obese grade 2 (AR, 1.01%; aHR, 1.64 [95% ClI,
1.34-2.01]) women had an increased risk of CHD (P < .001 for trend). Compared with
participants who maintained their weight at normal levels, those who became obese had
elevated CHD risk among men (0.35% increase in AR; aHR, 1.35 [95% Cl, 1.17-1.55]) and
women (0.13% increase in AR; aHR, 1.31[95% Cl, 0.95-1.82]). Weight loss to normal levels
among obese participants was associated with reduced CHD risk for men (0.58% decrease in
AR; aHR, 0.77 [95% Cl, 0.64-0.94]) and women (0.57% decrease in AR; aHR, 0.66 [95% ClI,
0.45-0.98]).

CONCLUSIONS AND RELEVANCE Obesity and weight gain were associated with elevated risk of
CHD among young adults in this study. Studies that prospectively determine the association
between weight change and CHD risk are needed to validate these findings.
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oronary heart disease (CHD) is the leading cause of death

globally, with 8.1 million deaths in 2013 being due to

CHD.! Furthermore, CHD-associated mortality is ex-
pected to increase by 100% among men and 80% among
women from 1990 to 2020,2 highlighting the importance of
identifying and controlling risk factors for CHD. Despite pre-
vious implications of obesity being a risk factor for CHD, the
association between obesity and CHD has been controversial.
Recent studies have shown that being overweight or obese is
associated with lower risk of cardiovascular disease (CVD) or
CVD-associated death, whereas being underweight is associ-
ated with increased risk of CVD, a phenomenon called the obe-
sity paradox.>* Moreover, numerous previous studies inves-
tigating the association between weight change and CVD and
CVD-related mortality have shown a U- or J-shaped associa-
tion, in which weight gain or loss leads to increased risk of CVD-
related death.>®

One plausible explanation for the obesity paradox may be
that being slightly overweight or obese is associated with
greater lean mass.” Older adults who lose weight lose mostly
lean mass,® which could contribute to the increased risk of CVD
events after weight loss. Because the body composition of fat
and muscle mass is altered with age, the contributions of body
mass index (BMI; calculated as weight in kilograms divided by
height in meters squared) and change in BMI on CHD among
middle-aged and elderly adults may differ from those among
young adults. However, few studies have investigated the as-
sociation between BMI or change in BMI with CHD among
young adults.

In this large population-based longitudinal study, we used
the Korean National Health Insurance Service (NHIS) data-
base to assess whether an association exists between BMI or
a change in BMI and the risk of developing acute myocardial
infarction (AMI) or CHD among young adults.

Methods

Study Population

The NHIS provides mandatory health insurance for all South
Korean citizens, covering nearly all forms of health care, in-
cluding health screening examinations for all employed and
self-employed insured individuals aged 20 years or more as
well as all dependents aged 40 years or older.® The NHIS da-
tabase includes data on sociodemographic characteristics, hos-
pital admissions, outpatient department visits, pharmaceuti-
cal visits, and health screening examinations. Health screening
examinations include information on health behavior ob-
tained from a questionnaire, physical examinations, and blood
tests. In total, 74.8% of those who were eligible participated
in the health screening examinations in 2014.° Several stud-
ies have used the NHIS database for epidemiologic studies, and
its validity has been described in detail elsewhere.°!! The Seoul
National University Hospital (Seoul, South Korea) institu-
tional review board approved this study and waived the re-
quirement for informed patient consent because data in the
NHIS database are anonymized in adherence with strict con-
fidentiality guidelines.
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Key Points
Question Does an association exist between body mass index or a

change in body mass index and coronary heart disease among
young adults?

Findings In this population-based longitudinal study of 2 611450
men and women aged 20 to 39 years, high body mass index and
body mass index gain were significantly associated with elevated
risk of coronary heart disease, whereas body mass index loss was
associated with reduced risk of coronary heart disease.

Meaning Obesity and weight gain were associated with increased
risk of coronary heart disease among young adults although
prospective studies are needed to validate these findings.

Data were obtained from the NHIS database between 2002
and 2015 for all individuals aged between 20 and 39 years in
2002. Among the 2 692 643 participants who underwent health
examinations during the first (2002 and 2003) and second
(2004 and 2005) health screening periods, 1721 individuals
with missing BMI values were excluded. In addition, 90 indi-
viduals who died as well as 6168 individuals who had re-
ceived a diagnosis of CHD before the index date of January 1,
2006, were excluded. The 73 214 individuals with missing co-
variate values were also excluded. The final study population
consisted of 2 611450 men and women.

Key Variables

The BMIwas determined during each health examination pe-
riod. When evaluating the association of BMI with AMI or CHD,
BMI values from the second (2004 and 2005) health screen-
ing period were used. Participants were categorized by BMI
using the World Health Organization Western Pacific Region
guideline strata of underweight (<18.5), normal weight (18.5-
22.9), overweight (23.0-24.9), obese grade 1 (25.0-29.9), or
obese grade 2 (=30.0).!2 The change in BMI was calculated by
subtracting BMI values obtained during the second health ex-
amination from those of the first health examination, and the
resulting change was categorized as normal (<23.0), over-
weight (23.0-24.9), or obese (=25.0).

Hospital admission records and death certificates were
used to identify AMI and CHD events. All diagnoses on hos-
pital discharge or death are recorded in the NHIS database using
International Classification of Diseases, 10th Revision (ICD-10)
codes from the World Health Organization. Causes of death
were determined by physicians at the time of death. Because
hospital admission records must be submitted to the NHIS for
hospitals to receive payment, the follow-up for CHD events is
likely to be complete. Consistent with the American Heart As-
sociation, the ICD-10 codes for AMI of 121 and for CHD of 120
to 125 were used.'® We defined an event of CHD as 2 or more
days of hospital admission or death with causes listed as ICD-10
codes for AMI or CHD. Multiple previous studies have used hos-
pital admission records and death certificates to identify car-
diovascular events using the NHIS data.!*!>

Statistical Analysis
All participants were followed up starting January 1, 2006, and
ending at a CHD event, date of death, or December 31, 2015,
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whichever came first. The following were considered covari-
ates: age (continuous variable; years), household income (cat-
egorical variable; first, second, third, or fourth quartiles), physi-
cal activity (categorical variable; none, 1-2, 3-4, 5-6, or 7 times
per week), alcohol consumption (categorical variable; none,
0-1, 1-2, 3-4, or 5 or more times per week), tobacco consump-
tion (categorical variable; never, past, quit, light, moderate, or
heavy), systolic blood pressure (continuous variable), fasting
serum glucose level (continuous variable), total cholesterol
(continuous variable), or Charlson comorbidity index (CCI; con-
tinuous variable).

Individuals who quit were defined as those who reported
having smoked tobacco during the first health examination but
having quit during the second health examination, whereas
past tobacco smokers were those who reported having quit in
both the first and second health examinations. Light, moder-
ate, and heavy smokers were those who reported having
smoked 1to 9, 10 to 19, or 20 or more cigarettes per day, re-
spectively. Household income was derived from each pa-
tient’s insurance premium, and the CCI was calculated using
the ICD-10 codes for major comorbidities between 2002 and
2005. The algorithm for the calculation of CCI using ICD-10
codes was adapted from another study.'®

Absolute risk (AR) was calculated by determining the per-
centage of events per number of people based on BMI or BMI
change. Cox proportional hazards regression analysis was con-
ducted to obtain the adjusted hazard ratios (aHRs) and 95%
CIs of AMI and CHD based on BMI and change in BMI. The risk
of AMI and CHD were calculated after adjustments for all co-
variates. Restricted cubic splines!” of BMI or BMI change were
used to graphically assess the association between BMI or a
change in BMIwith AMI or CHD. The lowest value of the Akaike
information criteria was used to determine the number of
knots, using a range of 3 to 7 knots. Stratified subgroup analy-
ses were conducted by dividing the participants into sub-
groups for age, physical activity, smoking, and CCI. The aHRs
of CHD for the covariates as well as per unit of BMI or change
in BMI were determined. The aHRs of CHD were determined
based on BMI after adjustments for metabolic mediators.

Statistical significance was defined as 2-sided Pvalues <.05.
All analyses were conducted with SAS, version 9.4 (SAS Insti-
tute Inc) and Stata, version 14 (Stata Corp).

. |
Results

In total, 30 372 CHD events were detected during 25 868 244
person-years of follow-up. The mean (SD) BMI was 23.2 (3.2)
for the total population, 24.0 (3.0) for men, and 21.4 (2.9) for
women (Table 1). The aHRs of the covariates for CHD are pro-
vided in eTable 1 in the Supplement. Older age, lower house-
hold income, and tobacco or alcohol consumption as well as
higher blood pressure, fasting serum glucose level, total cho-
lesterol level, and CCI were associated with increased risk of
CHD.

Higher BMI was associated with increased risk of AMIand
CHD among both men and women (Figure 1). A BMI gain was
associated with greater risk of AMI and CHD among men and
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women, whereas a BMI loss was associated with decreased risk
of AMIand CHD for both sexes (Figure 2). Compared with nor-
mal weight individuals, men who were in the overweight (AR,
1.38%; aHR, 1.18 [95% CI, 1.14-1.22]), obese grade 1 (AR, 1.86%;
aHR, 1.45[95% CI, 1.41-1.50]), or obese grade 2 (AR, 2.69%; aHR,
1.97 [95% CI, 1.86-2.08]) strata and women who were in the
overweight (AR, 0.77%; aHR, 1.34 [95% CI, 1.24-1.46]), obese
grade 1 (AR, 0.95%; aHR, 1.52 [95% CI, 1.39-1.66]), or obese
grade 2 (AR, 1.01%; aHR, 1.64 [95% CI, 1.34-2.01]) strata had
increased risk of CHD (P < .001 for trend for each sex) (Table 2).
The risks of AMI and CHD were significantly elevated for ev-
ery unit increase in BMI and change in BMI for both sexes
(eTable 2 in the Supplement). The increased risks of CHD for
overweight and obese participants were preserved when the
study population was grouped by age, physical activity, smok-
ing status, or CCI (eTable 3 in the Supplement). The associa-
tion of high BMI with CHD appeared to be stronger among
women with a history of smoking compared with that for men
who had ever smoked.

Table 3 and eTable 4 in the Supplement indicate the asso-
ciation of change in the BMI strata with AMI or CHD. Weight
gain among normal weight individuals to obese levels was as-
sociated with greater risk of CHD among men (0.35% in-
creasein AR; aHR, 1.35[95% CI, 1.17-1.55]) and women (0.13%
increase in AR; aHR, 1.31[95% CI, 0.95-1.82]). Compared with
obese individuals who maintained their weight, those who re-
duced their weight to normal levels had reduced risk of CHD
for men (0.58% decrease in AR; aHR, 0.77 [95% CI, 0.64-
0.94]) and women (0.57% decrease in AR; aHR, 0.66 [95% CI,
0.45-0.98]). Compared with those who maintained normal
weight, those who were overweight at baseline but became nor-
mal weight had elevated risk of CHD among both men (aHR,
1.13[95% CI, 1.05-1.21]) and women (aHR, 1.24 [95% CI, 1.07-
1.42]).

The contribution of metabolic mediators to the risk of BMI
on CHD are given in eTable 5 in the Supplement. Before ad-
justments for the metabolic mediators, the aHRs (95% CI) for
individuals in the obese grade 2 stratum were 2.51 (2.38-2.65)
for men and 1.95 (1.59-2.37) for women. After adjustments for
all 3 metabolic mediators, the aHRs (95% CI) for individuals
in the obese grade 2 stratum were 1.97 (1.86-2.08) for men and
1.64 (1.34-2.01) for women, corresponding to an excess risk of
obesity to CHD of 35.8% (34.5%-37.7%) for men and 32.6%
(26.3%-42.4%) for women.

|
Discussion

In this large-scale, population-based, longitudinal study, we
showed that high BMI was associated with increased risk of
AMI and CHD among young adults. Furthermore, BMI gain was
associated with increased risk, whereas BMI loss was associ-
ated with reduced risk of AMI and CHD. To our knowledge, this
is the first study to show that losing weight and maintaining
normal BMI is associated with decreased risk of CHD among
young adults.

The results from previous prospective studies with simi-
lar age groups are in accordance with the increased risk of CHD
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Table 1. Descriptive Characteristics of Study Participants

Participants, No. (%)

Characteristic Total Men Women

Total No. 2611450 1802408 809 042

Age, mean (SD), y 34.3 (5.5) 35.1(4.8) 32.5(6.3)
20-24 104416 (4.0) 30126 (1.7) 74290 (9.2)
25-29 458525 (17.6) 211055 (11.7) 247470 (30.6)
30-34 751357 (28.8) 569014 (31.6) 182343 (22.5)
235 1297152 (49.7) 992213 (55.1) 304939 (37.7)

BMI, mean (SD) 23.2(3.2) 24.0 (3.0) 21.4(2.9)
<18.5 139029 (5.3) 37717 (2.1) 101312 (12.5)
18.5-22.9 1150812 (44.1) 637079 (35.4) 513733 (63.5)
23.0-24.9 590128 (22.6) 480852 (26.7) 109276 (13.5)
25.0-29.9 660134 (25.3) 585534 (32.5) 74600 (9.2)
230.0 71347 (2.7) 61226 (3.4) 10121 (1.3)

Household income, quartile

First (lowest)

Second

Third

Fourth (highest)
Physical activity, sessions per week

0

1-2

3-4

5-6

7
Alcohol consumption, drinks per week

0

<1

1-2

3-4

25
Tobacco consumption

Never

Past

Quit

Light (1-9 cigarettes per day)

Moderate (10-19 cigarettes per day)

Heavy (=20 cigarettes per day)
Systolic blood pressure, mean (SD), mm Hg
Fasting serum glucose, mean (SD), mg/dL
Total cholesterol, mean (SD), mg/dL
Charlson comorbidity index

310440 (11.9)
570296 (21.8)
943564 (36.1)
787150 (30.1)

1309836 (50.2)
877972 (33.6)
298420 (11.4)

56510 (2.2)
68712 (2.6)

980413 (37.5)
730575 (28.0)
708256 (27.1)
163284 (6.3)
28922 (1.1)

1420679 (54.4)
172870 (6.6)
108717 (4.2)
174210 (6.7)
541060 (20.7)
193914 (7.4)

119.7 (13.8)
90.4 (18.9)
187.0 (38.7)

1326181 (50.8)
896511 (34.3)
388758 (14.9)

164583 (9.1)

328567 (18.2)
676666 (37.5)
632592 (35.1)

776031 (43.1)

699 264 (38.8)

229953 (12.8)
43143 (2.4)
54017 (3.0)

485045 (26.9)
518142 (28.8)
618401 (34.3)
153768 (8.5)
27052 (1.5)

641885 (35.6)
161517 (9.0)
106 151 (5.9)
162849 (9.0)
536526 (29.8)
193480 (10.7)
122.9 (13.2)
92.0 (20.3)
191.2 (39.5)

947982 (52.6)
597197 (33.1)
257229 (14.3)

145 857 (18.0)
241729 (29.9)
266898 (33.0)
154558 (19.1)

533805 (66.0)
178708 (22.1)
68467 (8.5)
13367 (1.7)
14695 (1.8)

495368 (61.2)

212433 (26.3)

89855 (11.1)
9516 (1.2)
1870 (0.2)

778794 (96.3)
11353 (1.4)
2566 (0.3)
11361 (1.4)
4534 (0.6)
434 (0.1)
112.4 (12.2)
87.0 (14.9)
177.5 (35.2)

378199 (46.8)
299314 (37.0)
131529 (16.3)

Abbreviation: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared).

Sl conversion factors: To convert
serum glucose and total cholesterol
to millimoles per liter, multiply by
0.0555 and 0.0259, respectively.

with high BMI observed in our study. For example, in a study
investigating the association of BMI with CVD-related mortal-
ity, Selmer and Tverdal'® found that the risk of dying of CHD
increased for every 5-unit BMI increase among persons aged
between 30 and 59 years (HR, 1.30; 95% CI, 1.21-1.39). Simi-
larly, Seidell and colleagues'® showed that the risk of dying of
CHD increased among overweight and obese individuals aged
between 30 and 54 years. In a large cohort study investigat-
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ing weight gain from early to middle adulthood among US
women in the Nurses’ Health Study and US men in the Health
Professionals Follow-Up Study cohorts, Zheng and colleagues?®
showed that weight gain from age 18 or 21 to 55 years was as-
sociated with elevated risk of CVD. Another previous study?
investigating weight change and CHD using the Honolulu Heart
Program cohort revealed that gaining 2.5 kg or more was as-
sociated with increased risk of CHD.
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Figure 1. Association of Body Mass Index With Acute Myocardial Infarction (AMI) or Coronary Heart Disease (CHD) Among Young Adults
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Solid lines indicate hazard ratios; dashed lines, 95% Cls from restricted cubic
spline regression. Restricted cubic splines were constructed with knots chosen
according to Akaike information criteria. Hazard ratios were calculated using
Cox proportional hazards regression analysis after adjustments for age,
household income, physical activity, alcohol and tobacco consumption, systolic

blood pressure, fasting serum glucose level, total cholesterol level, and Charlson
comorbidity index. Body mass index, calculated as weight in kilograms divided
by height in meters squared, was measured during the second health
examination (2004-2005).

Overweight and obesity increases the risk of CHD by el-
evating the risk of other cardiovascular risk factors, such as hy-
pertension, dyslipidemia, and type 2 diabetes.??23 Obesity is
associated with higher sympathetic nervous system activity,
leptin concentrations, and angiotensin-aldosterone activity,
which may lead to greater salt retention and higher blood
pressure.?* Obesity may also contribute to the development
of type 2 diabetes and dyslipidemia by elevating C-reactive pro-
tein levels, thereby promoting a systemic inflammatory state.?>
We showed in the present study that blood pressure, total cho-
lesterol levels, and fasting serum glucose levels may contrib-
ute to approximately one-third of the excess risk of CHD as-
sociated with obesity among young adults. These results are
consistent with those of the BMI Mediated Effects study,?®
which found that blood pressure, cholesterol levels, and blood
glucose levels accounted for 46% (95% CI, 42%-50%) of the
excess risk of CHD with elevated BMI.

jamainternalmedicine.com

Unlike our results, previous studies have indicated a sig-
nificantly increased risk of CHD among underweight individu-
als (HR, 1.70; 95% CI, 1.42-2.05) compared with those with nor-
mal BMI.27-28 In addition, other studies?"-2° have failed to show
that weight loss is associated with reduced risk of CHD, and a
study investigating weight loss strategies and the risk of CHD
using the Nurses’ Health Study cohort3° found that com-
pared with no intervention, for individuals with BMIs greater
than 25 and without chronic diseases, a 5% loss in BMI was as-
sociated with increased risk of CHD.

This discrepancy regarding the association between being
underweight or losing weight and CHD may be due to the
younger age of our study population compared with that in pre-
vious studies. Because the prevalence of sarcopenia, the re-
duction of lean mass, increases with age,! young adults tend
to have greater lean mass and lower fat mass than their middle-
aged and elderly counterparts with similar BMI. Several pre-
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Figure 2. Association of the Change in Body Mass Index (BMI) With Acute Myocardial Infarction (AMI) or Coronary Heart Disease (CHD) Among Young

Adults
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Solid lines indicate hazard ratios, and dashed lines indicate 95% Cls from
restricted cubic spline regression. Restricted cubic splines were constructed
and hazard ratios were calculated as indicated in the legend to Figure 1 with the

additional adjustment for baseline BMI, calculated as weight in kilograms
divided by height in meters squared, measured during the first health
examination (2002-2003).

vious studies using computed tomography,*? dual-energy x-ray
absorptiometry, or other measures of body composition, such
as calf muscle area,® have shown that young adults tend to
have a higher muscle to fat massratio than older adults. Greater
muscle mass is associated with better exercise capacity and car-
diorespiratory fitness, which may in turn lead to decreased risk
of CHD.3%3*> Because increased levels of leptin, a hormone re-
leased by adipocytes, have been associated with increased risk
of CVD,*® the greater proportion of fat mass among elderly
adults who lose weight may elevate the risk of CHD.?2
Greater frequencies of comorbidities and chronic dis-
eases observed among middle-aged and elderly adults, in
whom weight loss may act as a surrogate marker for worsen-
ing health, compared with younger adults might also have con-
tributed to the increased risk of CHD among underweight in-
dividuals or to the lack of CHD risk-reducing benefit with
weight loss in previous studies. Despite our study population

JAMA Internal Medicine Published online June 18,2018

consisting of young adults, a population generally associated
with low rates of chronic diseases, we attempted to account
for the possibility of serious illnesses contributing to weight
loss. We conducted a sensitivity analysis by excluding pa-
tients who had received a diagnosis of CHD within the first 4
years of follow-up as well as by analyzing subgroups of indi-
viduals who had never smoked tobacco and had no chronic
conditions (CCI of 0). Although we do not present a figure of
this analysis, our results continued to indicate a reduced risk
of CHD with weight loss.

Strengths and Limitations

There are several limitations to consider when interpreting the
results of our study. First, owing to the observational nature
of our study and because the reasons for the weight changes
were unknown, we could not establish a cause-effect relation-
ship between obesity or weight change and CHD. Thus, fu-
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Table 2. Hazard Ratios for Acute Myocardial Infarction and Coronary Heart Disease by BMI Strata Among Young Adults

jamanetwork/2018/imd/06_18_2018/i0i180032pap

Underweight Normal Overweight Obesity Grade 1 Obesity Grade 2
Outcome (BMI < 18.5) (BMI = 18.5-22.9) (BMI = 23.0-24.9) (BMI = 25.0-29.9) (BMI = 30.0)
Male participants
Total No. 37717 637079 480852 585534 61226
AMI events, No. 52 1498 1676 2955 479
Person-years 374420 6334620 4782171 5818395 607076
Absolute 0.14 0.24 0.35 0.50 0.78
risk, %°
aHIE (95% 0.65 (0.50-0.86)1 [Reference] 1.32 (1.23-1.42) 1.70 (1.59-1.81) 2.31 (2.08-2.57)
Cl)
CHD events, 339 6606 6634 10898 1644
No.
Person-years 373009 6308469 4756 846 5778032 600990
Absolute 0.90 1.04 1.38 1.86 2.69
risk, %°
aHE (95% 0.99 (0.89-1.10) [Reference] 1.18 (1.14-1.22) 1.45 (1.41-1.50) 1.97 (1.86-2.08)
Cl)
Female
participants
Total No. 101312 513733 109276 74600 10121
AMI events, No. 41 240 102 79 12
Person-years 1010725 5124987 1089714 743274 100863
Absolute 0.04 0.05 0.09 0.11 0.12
risk, %°
aHFé (95% 1.15 (0.82-1.61)X [Reference] 1.54 (1.21-1.95) 1.55 (1.19-2.02) 1.64 (0.91-2.96)
Cl)
CHD events, 321 2225 840 711 102
No.
Person-years 1009243 5114407 1086905 739993 100350
Absolute 0.32 0.43 0.77 0.95 1.01
risk, %°
aH§ (95% 1.02 (0.91-1.15) [Reference] 1.34 (1.24-1.46) 1.52 (1.39-1.66) 1.64 (1.34-2.01)
Cl)

Abbreviations: aHR, adjusted hazard ratio; BMI, body mass index (calculated as
weight in kilograms divided by height in meters squared and measured during
the second health examination [2004-2005]).

2 Calculated by the rate of events in percentage (number events per number of
participants) during 10 y' follow-up.

b Calculated by Cox proportional hazards regression analysis adjusted for age,
household income, physical activity, tobacco and alcohol consumption,
systolic blood pressure, fasting serum glucose level, total cholesterol level, and
Charlson comorbidity index.

ture prospective studies comparing intentional and uninten-
tional weight loss are needed. Although we attempted to
account for this by adjusting for and conducting subgroup
analyses for physical activity according to the number of times
per week (as determined in a self-reported questionnaire), this
measure may be insufficiently sensitive to accurately deter-
mine the contribution of physical activity to the association
between obesity and CHD. Therefore, studies investigating the
association of BMI with CHD using a more detailed measure
of physical activity, for example, with metabolic equivalent val-
ues, are needed.

Second, because waist circumference was not available,
obesity was defined solely by BMI, which may not ad-
equately reflect certain aspects of body composition, such as
fat distribution, particularly because young adults have a higher
proportion of muscle mass for the same BMI than do middle-
aged and elderly adults.** Thus, future studies are needed
that use other measures of adiposity, such as waist circumfer-
ence, waist to hip ratio, and waist to height ratio. Third, the
present study population comprised young adults who had
health insurance through their employers or were self-
insured, a group that may have certain sociodemographic ten-
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dencies, such as high income and healthy lifestyle behaviors.
Although we attempted to take this into account by adjusting
for household income, physical activity, and tobacco and al-
cohol consumption, future studies with a broader study popu-
lation are needed to validate the findings of our study. Fi-
nally, the results on whether becoming normal weight among
overweight or obese individuals eliminates the risk associ-
ated with having been overweight or obese are mixed. Al-
though the reasons for this are unclear, the duration of obe-
sity may play an important role, as longer duration obesity may
lead to longer exposure to the CHD risk-increasing contribu-
tions of obesity. Therefore, future studies investigating the as-
sociation between duration of obesity and CHD are also needed.

Despite these limitations, our study has a number of
strengths. To our knowledge, this is the first study to investi-
gate the association of BMIand change in BMI with CHD among
young adults. Unlike the results from previous studies with
study populations of middle-aged and elderly adults, our re-
sults show that weight reduction was associated with re-
duced risk of CHD among young adults. Furthermore, our large
study population enhances the generalizability of our re-
sults. We were also able to adjust for key metabolic media-
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tors, including blood glucose levels, blood pressure, and total
cholesterol levels. Finally, we attempted to take into account
the possibility of reverse causality by extensive subgroup and

Original Investigation Research

was associated with reduced risk of CHD. Future prospective
studies that investigate the association of intentional and un-
intentional weight change with CHD are needed to clarify the

sensitivity analyses, which enhanced the reliability of our find-

ings.

Conclusions

Obesity and weight gain were associated with greater CHD risk
among young adults. The loss of weight for obese individuals
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