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Original Article

Aim: We investigated the influence of weight change on concurrent changes in predicted cardiovascular disease 
(CVD) risk and individual CVD risk factors over time. 

Methods: A total of 2,140 community-dwellers aged 40–74 years participated in both 2002 and 2007 health 
examinations. Obesity was defined as body mass index ≥ 25 kg/m2. Weight trajectories were classified as: “stable 
obese” (obese at both examinations), “obese to nonobese” (obese in 2002 but nonobese in 2007), “nonobese to 
obese” (nonobese in 2002 but obese in 2007), or “stable nonobese” (nonobese at both examinations). We 
compared changes in the model-predicted risk for CVD and individual CVD risk factors across weight-change 
categories. 

Results: The predicted risk for CVD increased during 5 years in all groups; the increment in the predicted risk 
for CVD was smallest in the obese to nonobese participants and steepest in the nonobese to obese subjects. 
Compared with the stable obese participants, the obese to nonobese participants had greater favorable changes in 
waist circumferences, blood pressure, fasting plasma glucose, serum high-density lipoprotein cholesterol, serum 
triglycerides, and liver enzymes. For all these parameters, opposite trends were observed when comparing the 
nonobese to obese participants with the stable nonobese group.  

Conclusions: We demonstrated the favorable association of losing weight in obese people and avoiding 
excessive weight gain in nonobese people with global risk of future CVD and individual CVD risk factors in a 
real-world setting. The findings could improve behavioral lifestyle interventions that provide information on the 
health consequences of weight change at health checkups.

diseases including CVD 1-4). Behavioral lifestyle 
interventions have been widely used in clinical 
practice for modifying unhealthy lifestyles and 
managing body weight to halt the progression to 
CVD5). As a part of the behavioral modification 
strategy, providing individuals with information about 

Introduction

Cardiovascular disease (CVD) is one of the 
leading causes of death worldwide. To date, there has 
been clear evidence that weight management is a key 
factor in the primary prevention of non-communicable 

Copyright©2022 Japan Atherosclerosis Society
This article is distributed under the terms of the latest version of CC BY-NC-SA defined by the Creative Commons Attribution License.

Address for correspondence: Toshiharu Ninomiya, Department of Epidemiology and Public Health, Graduate School of Medical Sciences, Kyushu University, 
Maidashi 3-1-1, Higashi-ku, Fukuoka, 812-8582, Japan.      E-mail: t.ninomiya.a47@m.kyushu-u.ac.jp

Received: July 21, 2020      Accepted for publication: November 20, 2020

Key words: Longitudinal study, Cardiometabolic risk factors, Weight change

Changes in Body Weight and Concurrent Changes in Cardiovascular 
Risk Profiles in Community Residents in Japan: the Hisayama Study

Takanori Honda1, Yuki Ishida1, Masaaki Oda2, Kenichi Noguchi2, Sanmei Chen1, Satoko Sakata1, 3, 4, 
Emi Oishi1, 4, Yoshihiko Furuta1, 4, 5, Daigo Yoshida1, Yoichiro Hirakawa1, 4, Jun Hata1, 3, 4, Takanari Kitazono3, 4 
and Toshiharu Ninomiya1, 3

1Department of Epidemiology and Public Health, Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan.
2Clinical Science Division, R&D Janssen Pharmaceutical K. K. 3-5-2 Nishi-kanda, Chiyoda, Tokyo, Japan.
3Center for Cohort Studies, Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan.
4Department of Medicine and Clinical Science, Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan.
5  Department of Medical-Engineering Collaboration for Healthy Longevity, Graduate School of Medical Sciences, Kyushu 
University, Fukuoka, Japan.



Change in Weight Status and CVD Risk

253

Method

Participants
This longitudinal study was conducted using the 

data of the Hisayama Study. The Hisayama Study is a 
population-based cohort study of CVD and its risk 
factors that has been ongoing in the town of 
Hisayama, a suburb of Fukuoka City in southwestern 
Japan. Details of the Hisayama Study have been 
described elsewhere14). We conducted the present 
analysis using data from the examination in 2002 as a 
baseline. A total of 2,735 community residents aged 
between 40 and 74 participated in health checkups 
and consented to participate in the study in 2002 
(participation rate, 77.1%).

We excluded 27 subjects who did not consent to 
participate in the study, 125 subjects who had a 
history of cancer, 32 subjects who were not fasting, 
and 47 subjects who had no valid low density 
lipoprotein (LDL) cholesterol value by the Friedewald 
formula15) (i.e., serum triglycerides of ＞400 mg/dL or 
a negative value of calculated LDL cholesterol) at the 
baseline examination in 2002. Among those 2,504 
subjects, 2,213 were re-examined in 2007. We further 
excluded 73 subjects with invalid data on blood 
profiles (nonfasting or invalid LDL cholesterol value) 
at the 2007 examination. As a result, 2,140 
participants were included in the present study 
(follow-up rate 85.5% of the initial sample). The 
participants had not undergone any experimental 
treatment or intervention from the study team beyond 
the health checkups provided by the town during the 
study period of 2002 to 2007. 

The study protocol was approved by the Kyushu 
University Institutional Review Boards for Clinical 
Research. All participants provided written informed 
consent.

Exposure
Body height and weight were measured in light 

clothing without shoes at both the 2002 and 2007 
health examinations. Body mass index (BMI) was 
calculated as weight in kilograms divided by squared 
height in meters (kg/m2). Obesity was defined as BMI 
≥ 25 kg/m2. We classified weight change status during 
the 5-year follow-up period into four categories as 
follows: “stable obese” (obese at both examinations), 
“obese to nonobese” (obese in 2002 and nonobese in 
2007), “nonobese to obese” (nonobese in 2002 and 
obese in 2007), and “stable nonobese” (nonobese at 
both examinations). For a sensitivity analysis, we also 
calculated the percent weight change from 2002 to 
2007 using the following formula: ([weight in 2007] 
– [weight in 2002]) / [weight in 2002]×100. The 

their estimated global risk for future CVD or 
asymptomatic atherosclerotic status could promote 
understanding of the importance of lowering 
cardiovascular risk and could enhance their motivation 
to pursue lifestyle modification or therapy6, 7). In 
addition, the provision of information about the 
health consequences of CVD could guide shared 
decision-making between individuals and their care 
providers to slow the development of CVD 8). 
Therefore, in order to enhance weight management 
programs with lifestyle modification for the 
prevention of CVD in practice, it is crucial that 
practitioners have specific information about how 
weight change would increase or decrease future CVD 
risk in their patients. 

Randomized controlled trials have shown that 
lifestyle interventions for weight reduction have 
efficacy for preventing cardiovascular outcomes, 
especially in at-risk subjects4, 9-10). However, findings 
from randomized controlled trials of lifestyle-based 
weight loss intervention in clinical settings often do 
not reflect exposure-outcome relationships in real-
world settings11). The translation of these trials to 
lifestyle modification programs for real-world 
populations, especially in community settings, might 
result in more modest effects compared with those 
seen in the original randomized controlled trials12, 13). 
Therefore, the investigation of weight change in 
population-based studies is needed in order to directly 
evaluate the influence of body weight trajectory on 
cardiovascular risks in community settings. However, 
there have been few population-based studies 
examining changes in the CVD risk factors or global 
CVD-risk of individuals in relation to changes in their 
body weight.

Aim

In the present study, we aimed to examine the 
influence of body weight change on the concurrent 
changes in the model-predicted global risk of CVD 
and in individual cardiovascular risk factors using 
observational longitudinal data on health checkup 
examinations in a Japanese community. The findings 
of our study will help practitioners to make a more 
realistic appraisal of the influence of weight change 
and simultaneous changes in global risks of 
cardiovascular disease and to enhance effective 
communication with their patients to realize the 
appropriate behavioral modifications. 
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aged between 40 and 74, which have been performed 
since fiscal year 2008.

Waist circumference was measured at the 
umbilical level in a standing position by a trained staff 
member. Blood pressure was measured three times 
using an automated sphygmomanometer with subjects 
in the sitting position after at least 5 minutes of rest. 
The average of the three measurements was used for 
the present analysis. Blood samples were collected 
from an antecubital vein after an overnight fast. 
Plasma glucose levels were measured by using the 
hexokinase method. Hemoglobin A1c was measured 
by a latex aggregation immunoassay using a 
Determiner HbA1c kit (Kyowa Medex, Tokyo). The 
value for hemoglobin A1c was converted into the 
National Glycohemoglobin Standardization Program 
equivalent value using the following formula: 
hemoglobin A1c (%)=1.02×hemoglobin A1c (Japan 
Diabetes Society) (%)＋0.25%. Serum total cholesterol, 
HDL cholesterol, and triglycerides were measured 
using the enzymatic method, and LDL cholesterol was 
calculated based on the Friedewald formula15). Serum 
ALT, AST, and GGT levels were enzymatically 
measured in accordance with the consensus method of 
the Japan Society of Clinical Chemistry. Serum 
creatinine concentrations were measured using the 
enzymatic method. The eGFR values were calculated 
using the Chronic Kidney Disease Epidemiology 
Collaboration equation multiplied by the coefficient 
0.813 for the Japanese population19).

Covariates
Each subject completed a self-administered 

questionnaire covering medical history, current use of 
antihypertensive agents, glucose-lowering agents, and 
lipid-modifying agents, smoking habits, alcohol 
intake, and regular exercise habits. Smoking and 
drinking habits were categorized as either current use 
or not. Regular exercise was defined as being engaged 
in leisure-time exercise at least 3 times a week. 

Statistical Analysis
The predicted risk for CVD was log-transformed 

prior to the analyses and back-transformed for data 
presentation because the variable was right-skewed 
(Supplementary Fig.1). In addition, the serum levels 
of triglycerides, ALT, AST, and GGT were log-
transformed due to their skewed distributions. 
Participants’ characteristics at baseline were 
summarized according to the weight change status, 
and Dunnett’s test was used for pairwise comparison. 
A repeated measures analysis of covariance was used to 
examine the adjusted mean values (95% confidence 
interval [CI]) of the predicted risk for CVD at the 

percent weight change was divided into six categories 
at a 3% interval (≤ -6%, -6＜ to ≤ -3%, -3＜ to ≤ 0%, 
0＜ to ≤ +3%, +3＜ to ≤ +6%, and ＞+6%), in accordance 
with the recommendation of ≥ 3% body weight loss 
for patients with obesity by the Guidelines for the 
Management of Obesity Disease 2016 issued by the 
Japan Society for the Study of Obesity16). 

Outcome 
To estimate the global risk of CVD in each 

individual, we calculated the predicted cumulative risk 
for CVD using a risk prediction model that we 
developed previously in the Hisayama Study17). The 
original prediction formula was developed based on 
the Cox proportional hazards model for the 
development of CVD in the Hisayama study cohort 
established in 1988. The predictors of the prediction 
model include age, sex, systolic blood pressure, the 
presence of diabetes, serum high density lipoprotein 
(HDL) cholesterol, serum LDL cholesterol, smoking 
status, and regular exercise habits. The formula used 
for the present study was as follows: 

predicted cumulative risk for CVD (%)=1－ 
0.936 exp(Σβx－5.867),

where Σβx was calculated as:
(0.067×age in years)＋(0.559 if male sex)＋ 

(0.013×systolic blood pressure in mmHg) + (0.412 if 
diabetes)＋(-0.009×serum HDL cholesterol in mg/
dL)＋(0.003×serum LDL cholesterol in mg/dL)＋ 
(0.338 if current smoker)＋(-0.420 if having regular 
exercise). We set a baseline survival function as 0.936 
for 10-year CVD cumulative incidence and an average 
sum of products of the coefficients and the value of 
each risk factor as 5.867 from our previous 
observation of the Hisayama population examined in 
1988. To confirm the validity of this risk prediction 
model, we applied the model to the 10-year follow-up 
of the study participants who were free from 
cardiovascular disease at baseline examination in 2002. 
The risk prediction model performed well (Harrell’s 
concordance statistics C =0.776, 95% confidence 
interval 0.745–0.808) in the study participants.

We also studied individual cardiovascular risk 
factors including waist circumference, systolic and 
diastolic blood pressure, fasting plasma glucose, 
hemoglobin A1c, serum lipids (HDL cholesterol, 
LDL cholesterol, and serum triglycerides), estimated 
glomerular filtration rate (eGFR), serum liver enzymes 
(aspartate aminotransferase [AST], serum alanine 
aminotransferase [ALT], and serum gamma-glutamyl 
transferase [GGT]) in both 2002 and 2007 health 
examinations. All these indices are measured at the 
Specific Health Checkups18), Japan’s mandatory health 
check-ups for all insured persons and their dependents 



Change in Weight Status and CVD Risk

255

sets of cardiovascular risk factors: blood pressure 
( sys to l ic  and b lood pres sure  and use  of 
antihypertensive medication), glucose (fasting plasma 
glucose, hemoglobin A1c, and use of glucose-lowering 
medication), lipids (serum triglycerides, HDL and 
LDL cholesterol, and use of lipid-modifying 
medication), liver enzymes (serum ALT, AST, and 
GGT), and renal function (eGFR). We added the 
changes (Δ) in these cardiovascular risk factors from 
baseline (2002) to follow-up (2007) to the model 
including age and sex, and computed the R squared 
(R2) value for each model. A larger R2 indicates better 
fitness: that is, the model with larger R2 explained 
more variance in the change in predicted risk of 
cardiovascular disease. A two-sided value of p＜0.05 
was considered statistically significant in all analyses. 
Statistical analyses were performed using SAS software 
ver. 9.4 (SAS Institute, Cary, NC).

Results 

On average, participants (n=2,140) lost 1.6% of 
their body weight (standard deviation ±5.4) over the 
5-year study period (mean body weight change -0.9±
3.2 kg). In the study participants, 496 subjects 
(23.2%) were classified as stable obese and 103 
subjects (4.8%) were classified as obese to nonobese. 
Also, 1462 subjects (68.3%) and 78 subjects (3.6%) 
were classified as stable nonobese and nonobese to 
obese. The obese to nonobese group had about a 5 
kg-greater decrease in body weight compared with the 
stable obese group (adjusted value of Δbody weight: 
-0.7 kg [95% CI, -0.9 to -0.4] in the stable obese 
group, -5.7kg [95% CI, -6.4 to -5.1] in the obese to 
nonobese group). The mean weight changes in the 
nonobese to obese group and the stable nonobese 
group were +3.9 kg (95% CI +3.2 to +4.5) and -0.1 
kg (95% CI -1.1 to -0.8), respectively. Table 1 shows 
the cardiovascular risk profiles and covariates of 
participants at baseline according to the weight change 
status. We found no group differences in age and sex 
when comparing to the stable nonobese group or to 
the stable obese group. The anthropometry measures 
varied significantly across the weight status categories. 
All indices of blood pressure, blood glucose and lipids, 
liver enzymes, and kidney function significantly 
differed between the stable nonobese and the stable 
obese groups. The proportions of current smokers 
were lower in the nonobese to obese and the stable 
obese group compared with the stable nonobese 
group. No significant group differences in drinking or 
exercise habits were observed. 

Fig.1 illustrates the changes in the predicted 
risks for CVD according to the weight change status. 

2002 and 2007 examinations according to weight 
change categories. The differences in the 5-year change 
rate (2002-2007) in the predicted risk for CVD across 
the weight change status were tested based on the 
interaction term of the time and the weight change 
status. The model was adjusted for age and sex in 
order to illustrate their naïve change over time. 

To assess the influence of weight loss over 5 years 
on each cardiovascular risk factor in subjects who were 
initially obese, the changes in cardiovascular risk 
factors were compared between the obese to nonobese 
group and the stable obese group using analyses of 
covariance. For this analysis, the average changes in 
each cardiovascular risk factor, calculated by 
subtracting each value in 2007 from the value in 
2002, were used as dependent variables. The models 
were adjusted for the baseline value of each outcome 
variable of interest and other baseline covariates, 
including age, sex, BMI, smoking habits, drinking 
status, exercise habits, and medication use for 
hypertension, diabetes, or dyslipidemia. The results 
are presented as the adjusted mean differences (95% 
CI) for variables that were normally distributed, and 
the adjusted geometric mean ratios (95% CI) for log-
transformed variables. The standardized mean 
differences, as effect size measures, were presented in 
order to directly compare the magnitudes of influence 
of weight loss on each cardiovascular risk factor. The 
same analyses were performed for the comparison 
between the nonobese to obese group and the stable 
nonobese group—that is, those who were initially 
nonobese—to assess the influence of weight gain over 
time. We found no evidence of sex- or age-interaction 
in the aforementioned analyses. The sensitivity 
analysis after excluding 880 subjects who took any 
medications for hypertension, diabetes, and/or 
dyslipidemia at either examination was performed in a 
similar manner. Another analysis using the six 
categories of percent weight change was performed to 
examine the dose-response relationships between 
changes in body weight and cardiovascular risk factors 
in the whole study sample. The standardized mean 
differences between the groups with weight change of 
≤ -6% and ＞6% were calculated to compare the 
influence of weight change on outcomes. 

Finally, we assessed which component of the 
cardiovascular risk factors could best explain the 
association between the weight change status and the 
predicted risk of cardiovascular disease. We compared 
the model fitness by adding sets of cardiovascular risk 
factor changes to a linear regression model regressing 
the changes in the predicted cardiovascular disease 
(log-transformed value in 2007 minus that in 2002) 
on the weight change status. We assessed the following 
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Table 1. Age- and sex-adjusted characteristics of subjects according to weight change categories (2002-2007)

Weight change status over 5 years

Variables at baseline 
(2002)

Stable nonobese  
(n =1462)

Nonobese to obese 
(n =78)

Obese to nonobese 
(n =103)

Stable obese 
(n =497)

Age, year 57.6 (0.2) 58.1 (1.0) 59.7 (0.9) 58.6 (0.4)
Sex, female, % 60.5 (1.3) 53.9 (5.6) 54.6 (4.9) 57.0 (2.2)
Weight, kg 54.1 (0.2)$ 60.7 (0.7)＊$ 64.0 (0.6)＊$ 68.9 (0.3)＊

Waist circumference, cm 78.3 (0.2)$ 84.4 (0.8)＊$ 87.7 (0.7)＊$ 92.0 (0.3)＊

BMI, kg/m2 21.7 (0.1)$ 24.1 (0.2)＊$ 25.8 (0.2)＊$ 27.8 (0.1)＊

Systolic blood pressure, mmHg 126.9 (0.5)$ 131.8 (2.1)$ 135.3 (1.8)＊ 137.7 (0.8)＊

Diastolic blood pressure, mmHg 76.6 (0.3)$ 79.3 (1.2)$ 81.7 (1.1)＊ 83.0 (0.5)＊

Use of antihypertensive agents, % 14.6 (1.0)$ 20.8 (4.6) 17.2 (3.6) 27.2 (2.1)＊

Fasting plasma glucose, mg/dL 106.7 (0.6)$ 110.4 (2.4) 110.5 (2.1) 115.5 (1.0)＊

Hemoglobin A1c, % 5.3 (0.0)$ 5.4 (0.1)$ 5.5 (0.1) 5.6 (0.0)＊

Use of glucose-lowering agents, % 2.9 (0.5)$ 7.8 (2.8)＊ 2.5 (1.3) 5.0 (0.9)＊

Serum HDL cholesterol, mg/dL 65.5 (0.4)$ 62.8 (1.7)$ 58.6 (1.5)＊ 58.2 (0.7)＊

Serum LDL cholesterol, mg/dL 116.9 (0.8)$ 126.1 (3.5)＊ 128.4 (3.1)＊ 125.6 (1.4)＊

Serum triglycerides, mg/dL1) 91.9 (89.7 - 94.2)$ 97.8 (87.9 - 108.9)$ 114.2 (104.0 - 125.3)＊ 114.5 (109.8 - 119.5)＊

Use of lipid-modifying agents, % 6.0 (0.6)$ 9.0 (3.0) 6.3 (2.1) 11.7 (1.5)＊

Serum AST, U/L1) 24.5 (24.1 - 24.8)$ 24.7 (23.2 - 26.3)＊ 27.1 (25.7 - 28.6)＊ 25.8 (25.2 - 26.4)＊

Serum ALT, U/L1) 18.1 (17.7 - 18.6)$ 21.1 (19.0 - 23.4)＊ 25.1 (22.8 - 27.5)＊ 23.9 (22.9 - 24.9)＊

Serum GGT, U/L1) 26.1 (25.2 - 27.0)$ 27.3 (23.7 - 31.5)$ 33.4 (29.5 - 37.8)＊ 35.3 (33.4 - 37.4)＊

eGFR, mL/min/1.73 m2 81.0 (0.2)$ 80.1 (1.0) 79.5 (0.8) 79.9 (0.4)＊

Current smoking, % 16.1 (1.1)$ 18.3 (4.5) 6.2 (2.0)＊ 11.8 (1.5)＊

Current drinking, % 47.5 (1.5) 42.9 (6.4) 37.8 (5.3) 46.5 (2.5)
Regular exercise, % 10.7 (0.8) 7.3 (2.9) 8.0 (2.6) 10.0 (1.3)

Abbreviations: BMI, body mass index; HDL cholesterol, high-density lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein cholesterol; 
AST, aspartate aminotransferase; ALT, alanine transaminase; GGT, gamma-glutamyl transferase; eGFR, estimated glomerular filtration rate
Values are expressed as adjusted means or frequencies with standard errors except where noted. 
1) Data are shown as geometric means (95% confidence intervals).
＊p＜0.05 vs. stable nonobese, $p＜0.05 vs. stable obese.
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Fig.1.  Change in the age- and sex-adjusted predicted risk for cardiovascular disease according to weight change status

Solid circles and vertical bars indicated the age- and sex-adjusted, back-transformed means and 95% confidence intervals of the predicted 
10-year cumulative risk for cardiovascular disease. The predicted risks were presented according to weight status groups: stable nonobese 
(n=1,462), nonobese to obese (n=78), obese to nonobese (n=103), and stable obese (n=497). Data were log-transformed for analysis and 
back-transformed for presentation. The asterisk indicates a significant difference (p＜0.05) in the estimates at each time point. The detailed 
data are shown in supplementary Table 1.
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in each cardiovascular risk factor over 5 years between 
the stable nonobese and the nonobese to obese 
groups—that is, in subjects without obesity at baseline 
(Table 3). There were significant group differences in 
waist circumference, blood pressure, blood lipids 
except for serum LDL cholesterol, and serum liver 
enzymes. In addition to Δhemoglobin A1c, Δserum 
LDL cholesterol, and ΔeGFR, we found no difference 
in the Δfasting plasma glucose between the stable 
nonobese and the nonobese to obese groups. The 
observed associations of weight change status with 
cardiovascular risk factors were mostly similar to those 
found in Table 2, while the magnitudes of the 
associations in blood pressure and in serum HDL 
cholesterol were relatively greater among the outcomes 
of interest. The sensitivity analysis after excluding 
subjects who took antihypertensive agents, glucose-
lowering agents, or lipid-modifying agents did not 
make any material difference in the above-mentioned 
findings (Supplementary Tables 2, 3, 4). In the 
additional analysis of the associations of the percent 
weight change with the changes in cardiovascular risk 
factors, increasing weight was significantly associated 
with the increasing trends in Δwaist circumference, 
Δsystolic and diastolic blood pressure, Δfasting 
plasma glucose, Δhemoglobin A1c, Δserum LDL 
cholesterol, Δserum triglycerides, Δserum AST, Δ
serum ALT, and Δserum GGT, and the decreasing 

The predicted risks for CVD increased with aging in 
all weight change groups over the study period (p＜
0.05 for all compared with baseline). The obese to 
nonobese group had a milder slope than the other 
three groups (predicted risk for CVD of 5.9% in 2002 
to 6.9% in 2007, p＜0.01 for all comparisons), 
whereas the steepest increment in the predicted risk 
for CVD was observed in the nonobese to obese group 
(predicted risk for CVD of 5.7% in 2002 to 8.2% in 
2007, p＜0.08 for all comparisons). No significant 
difference in incremental rate was observed between 
the stable nonobese and the stable obese groups 
(p=0.12) (Supplementary Table 1).  

Next, we investigated the changes in each 
cardiovascular risk factor during the 5-year follow-up 
in obese subjects at baseline—that is, in the stable 
obese and the obese to nonobese groups (Table 2). 
The obese to nonobese group showed generally more 
favorable changes in each risk factor than the stable 
obese group. In particular, we observed a relatively 
greater influence of the shift from obese to nonobese 
on changes in waist circumference, serum HDL 
cholesterol, and serum levels of liver enzymes, 
followed by blood pressure and serum triglycerides, 
across the cardiovascular risk factors. No significant 
group differences were observed for Δhemoglobin 
A1c, Δserum LDL cholesterol, and ΔeGFR. In 
addition, we examined the differences in the change 

Table 2.  Multivariable-adjusted mean changes in cardiovascular risk factors by weight change status in the stable obese and the 
obese to nonobese subjects (2002-2007)

Variables Stable obese1)

(n =497)
Obese to nonobese1)

(n =103)
Differences in Δ 

parameter 
p for group 
difference

Magnitude of 
difference in change2)

ΔWaist circumference, cm 3.9 (3.4 to 4.3) -1.7 (-2.7 to -0.8) -5.6 (-6.7 to -4.5) ＜0.001 0.98
ΔSystolic blood pressure, mmHg 0.4 (-1.0 to 1.7) -3.3 (-6.3 to -0.2) -3.6 (-7.0 to -0.2) 0.04 0.21
ΔDiastolic blood pressure, mmHg 0.3 (-0.4 to 1.0) -1.8 (-3.4 to -0.2) -2.1 (-3.9 to -0.3) 0.02 0.22
ΔFasting plasma glucose, mg/dL -1.6 (-3.4 to 0.3) -6.5 (-10.7 to -2.2) -4.9 (-9.6 to -0.2) 0.04 0.21
ΔHemoglobin A1c, % 0.16 (0.10 to 0.22) 0.08 (-0.06 to 0.22) -0.08 (-0.23 to 0.08) 0.33 0.10
ΔSerum HDL cholesterol, mg/dL 3.7 (2.8 to 4.5) 6.5 (4.7 to 8.3) 2.8 (0.8 to 4.9) 0.006 0.31
ΔSerum LDL cholesterol, mg/dL -2.0 (-4.5 to 0.5) -6.8 (-12.5 to -1.2) -4.8 (-11.1 to 1.44) 0.13 0.15
ΔLog serum triglycerides, mg/dL 0.01 (-0.02 to 0.04) -0.11 (-0.18 to -0.04) -0.1 (-0.2 to -0.05) 0.003 0.29
ΔLog serum AST, U/L -0.12 (-0.14 to -0.10) -0.20 (-0.25 to -0.15) -0.1 (-0.2 to -0.03) 0.004 0.31
ΔLog serum ALT, U/L -0.07 (-0.10 to -0.03) -0.27 (-0.32 to -0.20) -0.2 (-0.3 to -0.1) ＜0.001 0.50
ΔLog serum GGT, U/L -0.03 (-0.06 to 0.01) -0.22 (-0.28 to -0.15) -0.2 (-0.3 to -0.1) ＜0.001 0.48
ΔeGFR, mL/min/1.73 m2 -6.1 (-6.7 to -5.5) -4.9 (-6.2 to -3.6) 1.3 (-0.2 to 2.7) 0.09 0.17

Abbreviations: HDL cholesterol, high-density lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein cholesterol; AST, aspartate amino-
transferase; ALT, alanine transaminase; GGT, gamma-glutamyl transferase; eGFR, estimated glomerular filtration rate
Delta (Δ) indicates absolute changes in each parameter between 2002 and 2007.
Values are expressed as adjusted mean (95% confidence intervals [CI]). The model was adjusted for age, sex, body mass index, use of hypertension, 
diabetes, and/or dyslipidemia medications, current smoking, current drinking, regular exercise in 2002.
1) ΔWeight values in the stable obese group and the obese to nonobese group were -0.7 (95% CI -0.9 to -0.4) kg and -5.7 (-6.4 to -5.1) kg, respec-
tively.
2) Values are shown as the absolute value of the standardized mean difference in Δparameter between the obese to nonobese and the stable obese 
groups.
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levels of liver enzymes were more likely to be affected 
by changing weight. Changes in the predicted risk for 
CVD as well as in cardiovascular risk factors were also 
observed in nonobese subjects who gained weight (the 
nonobese to obese group) as compared with those 
who remained nonobese (the stable nonobese group), 
but in the opposite direction. Moreover, the 
differential associations of the weight change status 
with the predicted risk of cardiovascular disease were 
likely to be driven by the changes in blood pressure 
and lipids. The findings of our study will help 
practitioners to make a more realistic appraisal of the 
influence of weight change and simultaneous changes 
in global risks of CVD and will assist research aimed 
at developing a more effective behavioral intervention 
strategy through the visualization of risk reduction. 

The present study provided real-world evidence 
based on health check-ups that the rising trend in 
predicted CVD risk was significantly slowed in those 
who switched from obese to nonobese over a 5-year 
period (i.e., from 6.4% to 8.3% in the stable obese 
group vs. from 6.0% to 6.9% in the obese to 
nonobese group). In Japan, all health insurers are 
obliged to provide a health checkup program, the 
so-called Specific Health Checkups and Specific 
Health Guidance program, for all enrollees and their 
dependents, and implement lifestyle modification 
counseling for people who have or are at risk of 

trends in Δserum HDL cholesterol over the study 
period (Supplementary Table 5). The patterns of the 
magnitudes of the associations with the cardiovascular 
risk factors were similar to those found in Tables 2 
and 3. 

We examined the contribution of change in 
cardiovascular risk factors during the study period to 
the association between the weight change status and 
the predicted risk of cardiovascular disease 
(Supplementary Table 6). The model in which the 
measures of blood pressure were added showed the 
best goodness-of-fit (i.e., the largest R2), followed by 
the model that included the measures of blood lipids. 

Discussion

In this study, we examined the weight change 
status and the concurrent changes in the predicted risk 
for CVD and cardiovascular risk factors over a 5-year 
follow-up period in Japanese community residents. 
Among subjects with obesity at baseline, the upward 
trend in predicted CVD risk was suppressed and the 
cardiovascular risk factors generally moved towards 
more favorable profiles during the follow-up period in 
those who lost weight (the obese to nonobese group) 
as compared with those who were still obese (the 
stable obese group). In particular, anthropometry, 
blood pressure, serum HDL cholesterol, and serum 

Table 3.  Multivariable-adjusted mean change in cardiovascular risk factors by weight change status in the stable nonobese and the 
nonobese to obese subjects (2002-2007)

Variables Stable nonobese1)

(n =1462)
Nonobese to obese1)

(n =78)
Differences in Δ

parameter
p for group 
difference

Magnitude of 
difference in change2)

ΔWaist circumference, cm 3.2 (3.0 to 3.5) 8.4 (7.2 to 9.5) 5.1 (4.0 to 6.3) ＜0.001 0.91
ΔSystolic blood pressure, mmHg 1.7 (1.0 to 2.4) 6.3 (3.1 to 9.6) 4.6 (1.3 to 8.0) 0.01 0.29
ΔDiastolic blood pressure, mmHg 1.4 (1.0 to 1.8) 4.8 (2.9 to 6.7) 3.4 (1.4 to 5.4) 0.001 0.36
ΔFasting plasma glucose, mg/dL -4.8 (-5.5 to -4.1) -3.3 (-6.5 to -0.1) 1.5 (-1.8 to 4.8) 0.37 0.09
ΔHemoglobin A1c, % 0.1 (0.1 to 0.2) 0.2 (0.1 to 0.3) 0.1 (0.0 to 0.2) 0.17 0.15
ΔSerum HDL cholesterol, mg/dL 4.8 (4.2 to 5.3) 0.3 (-2.2 to 2.7) -4.5 (-7.1 to -2.0) 0.001 0.41
ΔSerum LDL cholesterol, mg/dL 2.4 (1.1 to 3.7) 7.5 (1.7 to 13.4) 5.1 (-0.9 to 11.1) 0.10 0.18
ΔSerum triglycerides, mg/dL 0.06 (0.04 to 0.08) 0.17 (0.08 to 0.28) 0.1 (0.0 to 0.2) 0.03 0.23
ΔSerum AST, U/L -0.12 (-0.13 to -0.11) -0.06 (-0.11 to 0.00) 0.1 (0.0 to 0.1) 0.02 0.26
ΔSerum ALT, U/L -0.03 (-0.05 to -0.01) 0.13 (0.04 to 0.22) 0.2 (0.1 to 0.2) ＜0.001 0.36
ΔSerum GGT, U/L 0.01 (-0.01 to 0.04) 0.24 (0.13 to 0.36) 0.2 (0.1 to 0.3) ＜0.001 0.47
ΔeGFR, mL/min/1.73 m2 -6.2 (-6.5 to -5.9) -6.3 (-7.8 to -4.8) -0.1 (-1.6 to 1.5) 0.94 0.01

Abbreviations: HDL cholesterol, high-density lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein cholesterol; AST, aspartate amino-
transferase; ALT, alanine transaminase; GGT, gamma-glutamyl transferase; eGFR, estimated glomerular filtration rate
Delta (Δ) indicates absolute changes in each parameter between 2002 and 2007.
Values are expressed as adjusted mean (95% confidence intervals [CI]). The model was adjusted for age, sex, body mass index, use of hypertension, 
diabetes, and/or dyslipidemia medications, current smoking, current drinking, regular exercise, and each value in 2002.
1) ΔWeight values in the stable nonobese group and the nonobese to obese group were -0.1 (95% CI -1.1 to -0.8) kg and +3.9 (+3.2 to +4.5) kg, 
respectively.
2) Values are shown as the absolute value of the standardized mean difference in Δparameter between the nonobese to obese and the stable non-
obese groups.fig 
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decline in SBP and DBP per 1-kg weight reduction 
expected28, 29). The magnitude of association observed 
in the current study was comparable to that found in 
a German population-based study with a 5-year 
follow-up 30). These findings and our current 
observations suggested that weight reduction through 
a lifestyle change could alter concurrent blood pressure 
levels, but the magnitude was not very large in the 
population-based studies. 

With regard to the lipid parameters, a 
significantly greater elevation in serum HDL 
cholesterol and a significantly greater reduction in 
serum triglycerides were found by losing weight 
among subjects who were obese subjects at baseline. 
The opposite changes were observed in nonobese 
subjects who gained weight compared with those who 
were stable nonobese. Conversely, there was no 
significant change of serum LDL cholesterol by the 
weight change. In support of these findings, a previous 
study showed that significant improvements in HDL 
cholesterol and triglycerides but not in LDL 
cholesterol were observed in subjects who achieved 
weight  reduct ion through 2-year  l i festy le 
interventions25). On the other hand, meta-analyses of 
observational and intervention studies found that the 
effects of non-surgical weight loss on HDL cholesterol 
levels varied among studies31, 32). In addition, a 
population-based study in the US22) and the above-
mentioned meta-analyses31, 32) consistently showed that 
weight loss had a greater effect on LDL cholesterol 
levels than on HDL cholesterol or triglyceride levels. 
The discrepancy between our findings and those 
reported in the literature may be attributable to the 
differences in study periods, populations, and phases 
of weight change (i.e., active vs. stabilized). 

We observed significant associations between 
changes in weight status and concurrent changes in 
the serum levels of liver enzymes. The present study 
revealed that both weight loss and weight gain were 
associated with relatively large changes in the serum 
levels of liver enzymes, suggesting that the serum 
indicators of liver damage were sensitive to the 
changes in body weight. In support of these 
observations, a prior 6-month dietary intervention 
study on women with obesity and non-alcoholic fatty 
liver disease found that weight reduction of 5%–6% 
was accompanied by a 20% to 40% reduction in AST 
and ALT33). The improvement in liver biomarkers in 
the weight loss group was possibly due to decreased 
liver fat and consequent improvement in nonalcoholic 
fatty liver disease34, 35). It is noteworthy that serum 
levels of liver enzyme were not included in the risk 
prediction model for CVD we used. Considering 
previous reports showing that GGT could increase 

metabolic syndrome18). Our findings provide further 
proof of the benefit of weight management on 
cardiovascular risk reduction, and this could improve 
behavioral lifestyle interventions that provide 
information on the health consequences of weight 
change. 

In the current study, the magnitude of the 
association between weight change and cardiovascular 
risk differed among the risk factors studied. It is not 
surprising that waist circumference, as an 
anthropometry measure, was the most affected factor. 
In addition, blood pressure, serum HDL cholesterol, 
and serum levels of liver enzymes were more sensitive 
to concurrent weight change than to the other 
cardiovascular risk factors. Some observational studies 
previously revealed that body weight change was 
associated with changes in cardiovascular risk factors 
including blood pressure, glucose, and lipid 
measures20, 21), although inconsistent findings were 
also reported in other observational studies22, 23). 

Previous clinical studies also reported inconsistent 
results regarding the influence of behavioral weight 
loss interventions on cardiovascular risk factors. A 
clinical study of a behavioral modification program 
found a significant favorable effect of weight loss on 
blood lipids but not on fasting plasma glucose levels 
in obese subjects 24). Another two-year lifestyle 
intervention also showed a significant dose-response 
association of the amount of weight loss with changes 
in serum triglycerides and HDL cholesterol but not in 
blood pressure, blood glucose, or serum LDL 
cholesterol levels25). On the other hand, a one-year 
follow-up of lifestyle intervention through national 
health checkups in Japan showed favorable changes in 
all ranges of cardiovascular risks26). The exact reasons 
for the discrepancy of the findings across the studies is 
not fully elucidated, but the population characteristics 
within the study (e.g., sex distributions) and/or their 
initial fat distributions may at least partly explain the 
inconsistent results across studies, considering the 
different influences of the changes in visceral and 
subcutaneous adipose tissue volumes on each 
cardiovascular risk factor27). Nevertheless, based on the 
present findings there can be no doubt that weight 
management to prevent obesity has an overall 
beneficial effect on cardiovascular risk profiles. 

In the present study, blood pressure was 
decreased by weight loss in subjects who were obese at 
baseline and was increased by weight gain in subjects 
who were nonobese at baseline. Previous randomized 
trials of non-surgical weight-reducing interventions 
showed a significant absolute decline in blood pressure 
in a linear fashion, but the impact of weight change 
varied in the range from 0.2 mmHg to 1 mmHg 
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enzymes made only a limited contribution was 
probably due to a weak association between serum 
liver enzymes and the estimated CVD risk, because 
the prediction model did not include liver enzymes as 
a predictor. However, abnormal liver function is likely 
to reflect fatty liver due to obesity, and fatty liver 
induces insulin resistance and consequently 
hypertension, diabetes and dyslipidemia40). Therefore, 
the importance of weight management for 
maintaining liver function should not be understated, 
given the general consequences of abnormal liver 
enzymes. Both controlled intervention and real-world 
data are needed to further evaluate the role of these 
risk factors in the prevention of CVD through weight 
management programs. 

The strengths of our study included its high 
participation rate and follow-up rate in spite of the 
community setting, and the use of the previously 
validated risk prediction model for CVD risk. Some 
limitations should also be noted. First, although we 
adjusted for lifestyle behaviors at baseline in the 
model, we did not have information on the means by 
which the participants achieved weight change. For 
example, quitting smoking is often accompanied by 
weight gain, and there has been discussion about 
whether the weight gain after smoking cessation could 
weaken the global CVD benefits of smoking 
cessation41, 42). In the present study, however, there 
were only 5 subjects who quit smoking during the 
study period in the nonobese to obese group, and only 
2 subjects in the obese to nonobese group. Therefore, 
weight change after smoking cessation was not likely 
to have influenced the present findings. Second, we 
could not differentiate between intentional and 
unintentional weight change (e.g. changing lifestyle or 
getting sick). It would be of value to examine whether 
the association between weight change and 
cardiovascular risk factors differs according to the 
causes of weight change. Especially in initially lean 
persons, weight loss is often caused by disorders that 
affect metabolism, such as malignant tumor and 
thyroid diseases, so the question of whether the weight 
loss was intentional should be carefully considered. 
Given the adverse consequences of weight loss, such as 
muscle atrophy and impaired function, the influence 
of weight change should be interpreted with caution. 
Third, we did not include a detailed analysis of the 
impact of medications that affect body weight, 
although the findings were not altered substantially in 
the sensitivity analyses after excluding subjects who 
took antihypertensive agents, glucose-lowering agents 
and/or lipid-modifying agents. Fourth, we could not 
address the influence of body weight change on the 
development of cardiovascular events, because there 

risk of development of atherosclerotic CVD by 
promoting LDL oxidation36, 37), further studies will be 
needed to evaluate the role of liver enzymes in the 
association between body weight change and changes 
in CVD risk. 

A large body of evidence supports the notion 
that obesity has a hazardous effect on glycemic control 
via its deterioration of insulin resistance in the liver 
and skeletal muscle, while weight reduction exerts a 
beneficial effect on glucose measures in individuals 
with prediabetes or diabetes38, 39). On the other hand, 
the present study did not find consistent associations 
between changes in the weight status and glycemic 
measures. Thus, we observed a significant difference 
in the change in fasting plasma glucose only between 
the stable obese group and the obese to nonobese 
group, and not between the stable nonobese group 
and the nonobese to obese group. The magnitude of 
the influence of weight loss on fasting plasma glucose 
levels was relatively small among cardiovascular risk 
factors, which is in accordance with the findings of a 
previous behavioral weight loss intervention for 
overweight and obese adults24). The reason for the 
modest influence of weight change on glycemic 
measures is unclear, but the follow-up period may 
have been insufficient to definitively elucidate the 
influence of weight change on plasma glucose levels. 
The difference in the baseline glucose levels across the 
studies may also explain the inconsistency, because 
most of the study participants had glucose measures 
within the normal range. 

Our present results showed that the lipid 
parameters exhibited the greatest magnitude of 
changes in association with weight alteration, followed 
by the liver enzymes. We also found that both blood 
pressure and lipid parameters strongly explained the 
associations between weight change and the predicted 
risk of cardiovascular disease even though the 
influence of the weight change on blood pressure was 
relatively small. This may be primarily because of the 
greater contribution of blood pressure to the 
prediction of cardiovascular disease, since the 
contribution of the risk factors is determined not only 
by the associations between weight change and the 
risk factors, but also by the association between the 
change of risk factors due to weight change and the 
predicted risk for CVD. Taken together, our findings 
highlight the importance of weight reduction in those 
with lipid abnormalities and with elevated blood 
pressure accompanied with obesity. On the other 
hand, our finding that liver enzymes were less likely to 
explain the association between the weight change 
status and the predicted risk of CVD should be 
interpreted with caution. The finding that the liver 
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Conclusion

The present study demonstrated changes in the 
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Supplementary Fig.1.  Distribution of the predicted risk for cardiovascular disease in 2002 and 2007 

IQR, interquartile range. CVD, cardiovascular disease. The predicted risk for CVD was calculated based on a 
previously published risk prediction model for 10-year cumulative risk for the development of CVD. 

Supplementary Table 1.  Change in the age- and sex-adjusted predicted risk for cardiovascular disease according to weight change 
status over 5-years (2002-2007)

Weight change status over 5 years

Variables Stable nonobese (n =1462) Nonobese to obese (n =78) Obese to nonobese (n =103) Stable obese (n =497)

2002
examination

2007
examination

2002
examination

2007
examination

2002
examination

2007
examination

2002
examination

2007
examination

Predicted risk for CVD 1) 4.9 (4.8-5.0) 6.5 (6.4-6.7) 5.7(5.3-6.3) 8.2 (7.6-8.9) 6.0 (5.5-6.4) 6.9 (6.4-7.4) 6.4 (6.2-6.6) 8.3 (8.0-8.6)

5-year change rate for the predicted 
risk for CVD (2002 to 2007) 1, 2)

1.34 (1.32-1.36), p＜0.001 1.43 (1.33-1.54), p＜0.001 1.16 (1.09-1.23), p＜0.001 1.30 (1.27-1.34), p＜0.001

Ratio for the change in predicted 
risk for CVD compared with that 
in the stable obese 1, 3)

1.03 (0.99-1.06), p=0.12 1.10 (1.02-1.19), p=0.02 0.89 (0.83-0.95), p＜0.001 reference

Abbreviations: BMI, body mass index; CVD, cardiovascular disease
1) The values indicated the age- and sex-adjusted, back-transformed means and 95% confidence intervals of the predicted 10-year cumulative risk 
for cardiovascular disease. Data were log-transformed for analysis and back-transformed for presentation.
2) The values were presented as ratios (95% confidence intervals) comparing the risk estimates at 2007 to that at 2002 examination.
3) The values were presented as ratios (95% confidence intervals) comparing the change rates of the risk estimates (regression slope) from 2002 to 
2007 in each group to that in the stable obese group.
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Supplementary Table 2.  Age- and sex-adjusted characteristics of participants at baseline (2002) according to weight change over 5 
years (2002-2007) after excluding subjects who were taking medication for hypertension, diabetes, and/
or dyslipidemia

Weight change status over 5 years

Variables at baseline (2002) Stable nonobese
(n =958)

Weight gain
(n =41)

Weight loss
(n =49)

Stable obese
(n =212)

Age, year 55.0 (0.3) 54.2 (1.4) 56.3 (1.3) 55.3 (0.6)
Sex, female, % 61.1 (1.6) 53.5 (7.8) 51.4 (7.2) 56.7 (3.4)
Weight, kg 54.3 (0.2)$ 60.7 (1.0)＊$ 64.8 (0.9)＊$ 68.9 (0.4)＊

Waist circumference, cm 77.3 (0.2)$ 82.2 (1.1)＊$ 87.4 (1.0)＊$ 90.8 (0.5)＊

BMI, kg/m2 21.5 (0.1)$ 24.0 (0.3)＊$ 25.8 (0.3)＊$ 27.5 (0.1)＊

Systolic blood pressure, mmHg 120.5 (0.5)$ 122.5 (2.4)$ 125.1 (2.2) 129.3 (1.0)＊

Diastolic blood pressure, mmHg 73.6 (0.3)$ 75.1 (1.5) 76.9 (1.4)＊ 78.8 (0.7)＊

Fasting plasma glucose, mg/dL 102.6 (0.4)$ 103.4 (1.7) 108.0 (1.6)＊ 106.5 (0.8)＊

Hemoglobin A1c, % 5.2 (0.0)$ 5.1 (0.1)$ 5.4 (0.1)＊ 5.3 (0.0)＊

Serum HDL cholesterol, mg/dL 66.2 (0.5)$ 62.6 (2.5) 58.4 (2.2)＊ 59.7 (1.1)＊

Serum LDL cholesterol, mg/dL 116.4 (1.0)$ 129.3 (4.7)＊ 129.2 (4.3)＊ 127.1 (2.1)＊

Serum triglycerides, mg/dL1) 86.8 (84.3 - 89.5)$ 97.1 (84.0 - 112.2) 108.8 (95.3 - 124.2)＊ 108.7 (102.0 - 115.9)＊

Serum AST, U/L1) 23.6 (23.2 - 24.0) 24.7 (22.7 - 26.8) 27.2 (25.2 - 29.3)＊$ 24.3 (23.5 - 25.2)
Serum ALT, U/L1) 17.4 (16.9 - 18.0)$ 21.7 (18.8 - 25.0)＊ 26.3 (23.1 - 29.9)＊ 22.4 (21.1 - 23.8)＊

Serum GGT, U/L1) 23.9 (23.0 - 24.8)$ 26.1 (21.6 - 31.6)$ 34.3 (28.9 - 40.8)＊ 34.1 (31.4 - 37.1)＊

eGFR, mL/min/1.73 m2 83.1 (0.2)$ 82.1 (1.2)$ 81.1 (1.1) 81.5 (0.5)＊

Current smoking, % 17.4 (1.5) 32.2 (8.8) 7.9 (3.1) 12.8 (2.3)
Current drinking, % 47.6 (1.8) 39.1 (8.5) 36.0 (7.5) 51.5 (3.8)
Regular exercise, % 9.9 (1.0) 9.5 (4.6) 5.6 (3.2) 9.5 (2.0)

Abbreviations: BMI, body mass index; HDL cholesterol, high-density lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein cholesterol;
AST, aspartate aminotransferase; ALT, Alanine transaminase; GGT, gamma-glutamyl transferase; eGFR, estimated glomerular filtration rate Values 
are expressed as adjusted means or frequencies with standard errors except where noted.
1) Data are shown as geometric means (95% confidence interval).
＊p＜0.05 vs. stable non-obese, $p＜0.05 vs. stable obese.
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Supplementary Table 3.  Multivariable-adjusted changes in cardiovascular risk factors over 5 years by weight change status in the 
stable obese and the obese to nonobese subjects (2002-2007) after excluding subjects who took antihyper-
tensive agents, glucose-lowering agents and/or lipid-modifying agents (n=261)

Variables Stable obese1) (n =212) Obese to nonobese1) 

(n =49)
Differences in Δ

parameter
p for group 
difference

Magnitude of 
difference in 

change2)

ΔWaist circumference, cm 4.4 (3.8 to 5.1) -1.1 (-2.6 to 0.3) -5.6 (-7.2 to -4.0) ＜0.001 0.96
ΔSystolic blood pressure, mmHg 6.7 (4.8 to 8.6)  2.8 (-1.3 to 6.8) -4.0 (-8.5 to 0.6 to 8.5) 0.09 0.28
ΔDiastolic blood pressure, mmHg 4.1 (3.1 to 5.1) 1.4 (-0.7 to 3.5) -2.7 (-5.0 to -0.4) 0.02 0.36
ΔFasting plasma glucose, mg/dL -1.5 (-3.3 to 0.2) -6.0 (-9.7 to -2.3) -4.5 (-8.6 to -0.3) 0.03 0.33
ΔHemoglobin A1c, % 0.20 (0.14 to 0.26) 0.15 (0.02 to 0.28) -0.1 (-0.2 to 0.1) 0.49 0.11
ΔSerum HDL cholesterol, mg/dL 3.4 (2.1 to 4.6)  8.5 (5.8 to 11.2) 5.2 (2.1 to 8.2) 0.001 -0.54
ΔSerum LDL cholesterol, mg/dL 6.5 (3.5 to 9.5) -2.8 (-9.3 to 3.7) -9.3 (-16.5 to -2.0) 0.01 0.38
ΔLog serum triglycerides, mg/dL 0.05 (0.00 to 0.11) -0.11 (-0.21 to -0.01) -0.19 (-0.35 to -0.05) 0.01 0.39
ΔLog serum AST, U/L -0.11 (-0.14 to -0.07) -0.18 (-0.24 to -0.11) -0.08 (-0.19 to 0.01) 0.10 0.26
ΔLog serum ALT, U/L -0.05 (-0.10 to 0.00) -0.21 (-0.29 to -0.11) -0.19 (-0.36 to -0.05) 0.008 0.38
ΔLog serum GGT, U/L 0.00 (-0.06 to 0.05) -0.14 (-0.23 to -0.03) -0.16 (-0.32 to -0.01) 0.03 0.33
ΔeGFR, mL/min/1.73 m2 -5.2 (-5.9 to -4.5) -4.3 (-5.8 to -2.8) 1.0 (-0.7 to 2.7) 0.27 -0.15

Abbreviations: HDL cholesterol, high-density lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein cholesterol; AST, aspartate amino-
transferase; ALT, alanine transaminase; GGT, gamma-glutamyl transferase; eGFR, estimated glomerular filtration rate
Delta (Δ) indicates absolute changes in each parameter between 2002 and 2007.
Values are expressed as adjusted mean (95% confidence intervals [CI]). The model was adjusted for age, sex, body mass index, current smoking, cur-
rent drinking, regular exercise, and each value in 2002.
1) ΔWeight values in the stable obese group and the obese-to-nonobese group were -0.3 kg (95% CI -0.7 to +0.1) and -5.5 kg (-6.4 to -4.6), respec-
tively.
2) Values are shown as the absolute values of the standardized mean differences in Δparameters between the stable obese and the obese-to-nonobese
groups.

Supplementary Table 4.  Multivariable-adjusted change in cardiovascular risk factors over 5 years by weight change in the stable 
nonobese and the nonobese to obese subjects (2002-2007) after excluding subjects who were taking anti-
hypertensive agents, glucose-lowering agents and/or lipid- modifying agents (n=999)

Variables Stable nonobese1) 
(n =958)

Nonobese to obese 
(n =41)

Differences in Δ
parameter

p for group 
difference

Magnitude of 
difference in 

change2)

ΔWaist circumference, cm 3.6 (3.2 to 3.9) 8.9 (7.4 to 10.5) 5.4 (3.8 to 7.0) ＜0.001 0.95
ΔSystolic blood pressure, mmHg 4.7 (3.9 to 5.5) 10.9 (7.0 to 14.7) 6.2 (2.3 to 10.1) 0.002 0.49
ΔDiastolic blood pressure, mmHg 3.2 (2.8 to 3.7) 6.9 (4.5 to 9.2) 3.6 (1.2 to 6.0) 0.003 0.46
ΔFasting plasma glucose, mg/dL -4.1 (-4.7 to -3.5) -2.6 (-5.6 to 0.4) 1.5 (-1.6 to 4.5) 0.34 0.16
ΔHemoglobin A1c, % 0.2 (0.1 to 0.2) 0.2 (0.1 to 0.3) 0.0 (-0.1 to 0.1) 0.62 0.08
ΔSerum HDL cholesterol, mg/dL 4.8 (4.1 to 5.4) -1.3 (-4.6 to 2.0) -6.1 (-9.5 to -2.7) ＜0.001 -0.57
ΔSerum LDL cholesterol, mg/dL 7.1 (5.8 to 8.4) 15.0 (8.5 to 21.5) 7.9 (1.2 to 14.5) 0.02 0.36
ΔLog serum triglycerides, mg/dL 0.07 (0.05 to 0.10) 0.15 (0.03 to 0.29) 0.08 (-0.04 to 0.21) 0.22 0.17
ΔLog serum AST, U/L -0.12 (-0.13 to -0.11) -0.07 (-0.14 to -0.01) 0.05 (-0.02 to 0.13) 0.18 0.20
ΔLog serum ALT, U/L -0.03 (-0.05 to -0.01) 0.13 (0.02 to 0.25) 0.16 (0.05 to 0.29) 0.01 0.40
ΔLog serum GGT, U/L 0.03 (0.00 to 0.05) 0.26 (0.13 to 0.41) 0.23 (0.10 to 0.37) ＜0.001 0.56
ΔeGFR, mL/min/1.73 m2 -5.7 (-6.0 to -5.4) -5.3 (-6.9 to -3.8) 0.3 (-1.3 to 1.9) 0.69 0.06

Abbreviations: HDL cholesterol, high-density lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein cholesterol; AST, aspartate amino-
transferase; ALT, alanine transaminase; GGT, gamma-glutamyl transferase; eGFR, estimated glomerular filtration rate
Delta (Δ) indicates absolute changes in each parameter between 2002 and 2007.
Values are expressed as adjusted mean (95% confidence intervals [CI]). The model was adjusted for age, sex, body mass index, current smoking, 
current drinking, regular exercise, and each value of interest in 2002.
1) ΔWeight values in the stable nonobese group and the nonobese-to-obese group were -0.7 kg (95% CI -0.9 to -0.6) and +4.2kg (+3.4 to +5.0), 
respectively.
2) Values are shown as the absolute values of the standardized mean differences in Δparameters between the stable non-obese and the nonobese-
to-obese groups.
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Supplementary Table 5.  Multivariable-adjusted change in cardiovascular risk factors over 5 years (2002-2007) according to the six 
categories of percent change in weight

Percent change of weight

≤ -6% 
(n =384)

-6＜ to ≤ -3% 
(n =404)

-3< to ≤ 0% 
(n =580)

0＜ to ≤ +3% 
(n =408)

+3＜ to ≤ +6% 
(n =208)

＞6% 
(n =156)

P for trend Magnitude of 
difference in 

change1)

ΔWaist circumference, cm -1.6 1.9 3.3 5.3 7.1 9.1 ＜0.001 1.88
(-2.0 to -1.2) (1.5 to 2.3) (3.0 to 3.7) (4.9 to 5.7) (6.5 to 7.6) (8.5 to 9.8)

ΔSystolic blood pressure, mmHg -3.6 -0.7 2.0 2.5 5.2 7.8 ＜0.001 0.67
(-5.0 to -2.2) (-2.0 to 0.7) (0.8 to 3.1) (1.1 to 3.8) (3.3 to 7.1) (5.6 to 10.1)

ΔDiastolic blood pressure, mmHg -1.4 0.1 1.5 1.7 3.4 4.5 ＜0.001 0.61
(-2.2 to -0.6) (-0.6 to 0.9) (0.8 to 2.1) (0.9 to 2.4) (2.3 to 4.4) (3.3 to 5.8)

ΔFasting plasma glucose, mg/dL -6.3 -4.0 -3.7 -4.5 -2.8 -0.8 0.002 0.30
(-7.9 to -4.7) (-5.6 to -2.4) (-5.0 to -2.4) (-6.1 to -3.0) (-5.0 to -0.6) (-3.4 to 1.7)

ΔHemoglobin A1c, % 0.0 0.1 0.2 0.1 0.2 0.3 0.001 0.34
(0.0 to 0.1) (0.1 to 0.2) (0.1 to 0.2) (0.1 to 0.2) (0.1 to 0.3) (0.2 to 0.3)

ΔSerum HDL cholesterol, mg/dL 7.7 5.6 5.1 2.8 2.0 -1.3 ＜0.001 0.86
(6.7 to 8.7) (4.6 to 6.6) (4.2 to 5.9) (1.8 to 3.8) (0.6 to 3.4) (-2.9 to 0.3)

ΔSerum LDL cholesterol, mg/dL -4.9 1.0 3.7 0.6 4.2 4.3 ＜0.001 0.30
(-7.6 to -2.3) (-1.5 to 3.5) (1.6 to 5.8) (-1.9 to 3.2) (0.6 to 7.7) (0.1 to 8.4)

ΔLog serum triglycerides, mg/dL -0.09 -0.02 0.06 0.12 0.14 0.21 ＜0.001 0.65
(-0.12 to -0.06) (-0.05 to 0.02) (0.03 to 0.09) (0.08 to 0.16) (0.08 to 0.20) (0.14 to 0.29)

ΔLog serum AST, U/L -0.16 -0.14 -0.11 -0.12 -0.09 -0.06 ＜0.001 0.38
(-0.18 to -0.13) (-0.16 to -0.12) (-0.13 to -0.09) (-0.15 to - 0.10) (-0.12 to - 0.06) (-0.10 to - 0.02)

ΔLog serum ALT, U/L -0.15 -0.10 -0.04 -0.01 0.03 0.14 ＜0.001 0.67
(-0.18 to -0.11) (-0.14 to -0.07) (-0.06 to -0.01) (-0.05 to 0.02) (-0.02 to 0.09) (0.08 to 0.21)

ΔLog GGT, U/L -0.11 -0.07 0.00 0.04 0.13 0.21 ＜0.001 0.69
(-0.14 to -0.07) (-0.10 to -0.03) (-0.04 to 0.03) (0.00 to 0.09) (0.07 to 0.19) (0.13 to 0.29)

ΔeGFR, mL/min/1.73 m2 -5.8 -6.3 -6.2 -6.5 -5.9 -5.9 0.73 0.02
(-6.4 to -5.1) (-6.9 to -5.6) (-6.7 to -5.6) (-7.1 to -5.8) (-6.8 to -5.0) (-6.9 to -4.9)

Abbreviations: HDL cholesterol, high-density lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein cholesterol; AST, aspartate amino-
transferase; ALT, alanine
transaminase; GGT, gamma-glutamyl transferase; eGFR, estimated glomerular filtration rate. Delta (Δ) indicates absolute changes in each parame-
ter between 2002 and 2007.
Values are expressed as adjusted mean (95% confidence intervals [CI]). The model was adjusted for age, sex, body mass index, use of hypertension, 
diabetes, and/or dyslipidemia medications, current smoking, current drinking, regular exercise, and each value in 2002.
1) Values were calculated as the absolute values of the standardized mean differences in Δparameters between the ＞6% group and the ≤ -6% 
groups.

Supplementary Table 6.  Comparison of goodness-of-fit statistics by adding cardiovascular risk factors to the model examining the 
association between the weight change status and the predicted risk of cardiovascular disease

Model R-squared Change in R-squared by adding each set of 
cardiovascular risk factors to the model including 

age and sex

Age and sex only 0.030 Reference
+ Blood pressure (systolic and diastolic) 0.450 + 0.420
+ Glucose (fasting glucose and hemoglobin A1c) 0.051 + 0.021
+ Lipids (HDL and LDL cholesterol and triglycerides) 0.218 + 0.188
+ Liver enzymes (ALT, AST, GGT) 0.049 + 0.019
+ Renal function (eGFR) 0.035 + 0.005

Each set of cardiovascular risk factors was added separately to the model including age and sex.
Abbreviations: HDL cholesterol, high-density lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein cholesterol; AST, aspartate amino-
transferase; ALT, alanine transaminase; GGT, gamma-glutamyl transferase; eGFR, estimated glomerular filtration rate.
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