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Purpose: It is unclear what kind of modifiable lifestyle factors are associated with long-time 
weight gain in adulthood. To clarify the lifestyle behavior related to body weight gain since 
the age of 20 years, we explored the lifestyle risk factor, independently associated with 
excessive weight gain after 20 years of age as compared to those in subjects with a stable 
weight, with matching of age, gender, and the current body mass index (BMI).
Patients and Methods: From baseline data of a general population-based cohort study, we 
designed a cross-sectional analysis collecting individual data of medical health check-ups and 
a questionnaire related to lifestyle, including amount of sleep, frequency of eating breakfast, average 
times per day engaged in walking and sitting in the prior year, and smoking habits. These data were 
compared between the subjects with weight gain ≥10kg (n=3601) and <10kg (n=3601) after age 20, 
matched by a propensity score model which included current BMI, age and gender. We used 
multivariable logistic regressions to assess the lifestyle factor’s association with high weight gain.
Results: Participants who gained ≥10 kg were significantly more likely to sleep <5 hours or ≥9 
hours per night, skip breakfast, engage in walking <1 hour per day, and sit ≥5 hours per day than 
those who gained <10kg. Multivariable logistic regressions analyses showed that, with adjusting 
for potential confounder, the lifestyles with the positive association with high weight gain were 
skipping breakfast (OR 1.252; 95% CI 1.053–1.489, vs regularly), long sleeping duration (9 
hours/day≤ OR 1.613; 95% CI 1.018–2.557 vs 5≤-<7 hours/day), and former smoker (OR 1.163; 
95% CI 1.008–1.343 vs never smoker), while walking duration was negatively associated with 
high weight gain. Furthermore, despite similar current BMI, participants with weight gain ≥10kg 
had significantly higher values for waist circumference, blood pressure, HbA1c, LDL-C, trigly-
cerides, and hepatic enzyme levels than those with weight gain <10kg. Similarly, the prevalence 
rates of hypertension, dyslipidemia, metabolic syndrome (MetS), and former smoker were higher 
in the participants with weight gain ≥10kg.
Conclusion: Major weight gain after 20 years of age was associated with unfavorable 
lifestyle factors and greater waist circumference, possibly leading to elevated risk for MetS 
and other non-communicable diseases. These findings highlight the importance of maintain-
ing both weight at age 20 and a favorable lifestyle throughout adulthood.
Keywords: metabolic syndrome, physical activity, skipping breakfast, sleep duration, waist 
circumference, weight gain

Introduction
Rising rates of obesity have become a major public health concern worldwide,1 

including in Japan,2 over the past 40 years. According to annual public reports by 
the National Nutrition Survey in Japan,3 the prevalence of obesity, which was 
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defined as a body mass index (BMI) over 25, has consis-
tently risen and remained elevated over the second decade 
of the 21st century in middle-aged and older individuals. 
Although the grade of obesity is obviously mild in East 
Asian populations as compared to that in Western coun-
tries, even modest body weight gain has an enormous 
impact on the development of metabolic disorders.4 In 
addition, Japanese subjects have a higher visceral fat area 
relative to abdominal subcutaneous fat area than 
Caucasians,5 which partially accounts for their greater 
predisposition to type 2 diabetes despite having only 
mildly elevated BMI.

Fat mass is thought to be determined by the number of 
adipocytes and fat storage capacity. Adipocytes are gener-
ated mainly during childhood when the total number of 
adipocytes is set and then remains constant after reaching 
maturity.6 Therefore, pediatric adiposity is a critical issue 
because it carries over into adult obesity, which is strongly 
associated with type 2 diabetes, hypertension, and 
atherosclerosis.

On the other hand, weight gain generally tends to 
accrue in middle age regardless of race or gender.7 Long- 
term weight gain during adulthood has been linked to 
increased risks of metabolic syndrome (MetS),8 chronic 
kidney disease,9 hypertension,10 non-alcoholic fatty liver 
disease (NAFLD),11 sleep disturbance,12 and 
dyslipidemia,13 independently of the peak BMI level 
reached. These widespread findings are in agreement 
with the results of studies conducted in Asian 
populations.14 Taking the reported observations together, 
body weight gain in both childhood and adulthood shows 
strong involvement in the development of obesity-related 
health problems.

There is a consensus that high weight gain in adulthood 
is related to higher risks for various forms of metabolic 
disease. Understanding underlying factors regarding 
weight development is needed to help control the obesity 
pandemic. However, the contribution of modifiable risk 
factors, such as physical activity, smoking status, and 
sleeping duration, to long-term weight gain during adult-
hood is less clear in an Asian country. Therefore, we 
aimed to investigate the association between lifestyle fac-
tors and high weight gain since age of 20 years. We thus 
compared, cross-sectionally, subjects who had gained 
a significant amount of weight after age 20 to a control 
group who had maintained relatively constant body 
weights, matching the two groups for age, gender, and 

current BMI, employing a Japanese general population- 
based cohort.15

Patients and Methods
Ethical Aspects
The present study was approved by the ethics committee 
of the Iwate Medical University School of Medicine 
(HG25-2), and written informed consent was obtained 
from all enrolled subjects. Moreover, all procedures were 
in accordance with the Declaration of Helsinki.

Study Population
The Tohoku Medical Megabank (TMM) was launched to 
promote creative solutions to medical problems encoun-
tered in the aftermath of The Great East Japan Earthquake. 
The TMM thus initiated a general population-based adult 
cohort study named the TMM Community-Based Cohort 
Study (TMM Comm Cohort Study).15 We asked partici-
pants to join our cohort in health check-up sites. After 
providing informed consent, the participants were handed 
a questionnaire for self-administration, inquiring compre-
hensive information regarding demographics, education, 
alcohol consumption, smoking, sleeping, exercise, medica-
tion. Then, the participants complete the questionnaire at 
home and send it back within 2 weeks. We asked the 
municipality to provide data of blood and urine tests 
measured during the health check-ups for participants. 
The inclusion criteria were persons aging 20 years or 
over. Individuals were excluded if they did not consent 
to participate in the study and/or if they were not able to 
complete the questionnaire. As the TMM Comm Cohort 
study, we recruited 87,865 participants from July 2013 to 
March 2016 from Miyagi and Iwate Prefecture.16 For the 
current study, we used the data of those living in Iwate 
prefecture (n = 32,675). We designed a cross-sectional 
study using baseline data of this cohort study, including 
medical health check-ups and a questionnaire related to 
lifestyle. Participants were excluded from this study if they 
had a self-reported past history of any malignant or pri-
mary wasting disorder, and they were under 40 years of 
age. Participants underwent physical measurements, biolo-
gical specimens were collected, and they completed 
questionnaires.

Cohort Data Collection
At the health check-up site, the physical measurements for 
anthropometric data, including height, weight (dressed in 
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light clothing), and waist circumference, were obtained by 
trained personnel. Waist circumference was measured once 
to the nearest 0.1 cm using a flexible metric measuring 
tape over bare skin with the participants in a standing 
position. Blood pressure was measured twice on the right 
arm with the participant in a seated position, using an 
electronic BP monitor. We have used the average of the 
two blood pressure measurements in this study. Blood 
specimens and random spot urine samples were collected 
for biochemical analyses. Blood glucose levels were deter-
mined by the hexokinase method. The HbA1c levels were 
measured using high-performance liquid chromatography 
(HPLC) method. Other laboratory parameters, such as 
triglyceride, were measured by standard enzymatic 
methods.

The individual medical data and anthropometric data at 
health check-ups and recent lifestyle and sociodemo-
graphic factors collected by questionnaire were obtained 
at the recruitment point and compared between subjects 
with weight gain ≥10kg and <10kg.

Hypertension was defined as systolic blood pressure 
(BP) ≥140mmHg and/or diastolic BP ≥90mmHg, and/or 
the use of antihypertensive medication. Diabetes was 
defined as glycated hemoglobin (HbA1c) value ≥ 6.5%, 
a fasting plasma glucose ≥126mg/dL or non-fasting glu-
cose concentration ≥200mg/dL, and/or a prior diagnosis of 
diabetes, and/or undergoing treatment with antidiabetic 
drugs, including insulin. Type 2 diabetes could be diag-
nosed only after excluding self-reported type 1 diabetes. 
Dyslipidemia was defined as LDL-C ≥140mg/dL and/or 
triglyceride ≥150mg/dL and/or HDL-C <40mg/dL, a prior 
diagnosis of dyslipidemia, and/or the use of antihyperlipi-
demic medication. Hyperuricemia was defined as uric acid 
(UA) ≥7.0mg/dL, and/or a prior diagnosis of hyperurice-
mia, and/or undergoing treatment with antihyperuricemic 
agents. CKD was defined as estimated glomerular filtration 
rate (eGFR) < 60 mL/min/1.73 m2 and/or urinary albumin- 
to-creatinine ratio ≥30 mg/gCr. MetS as defined by the 
diagnostic criteria in Japan17 is a waist circumference of 
≥85 cm in men and ≥90 cm in women, which is equivalent 
to a visceral fat area of ≥100 cm2, in addition to at least 
two of the following conditions: dyslipidemia (triglycer-
ides ≥150 mg/dL or HDL-C < 40 mg/dL) or current lipid- 
lowering medications, high blood pressure (systolic blood 
pressure ≥130 mmHg or diastolic blood pressure ≥85 
mmHg) or current antihypertensive medications, and 
hyperglycemia (fasting glucose ≥110 mg/dL) or current 
medications for diabetes mellitus.

Definition of Weight Change
The altered body shape is usually defined by either weight 
change in kilograms (kg) or BMI change. Since height 
gradually decreases with advancing age, BMI might be 
overestimated in the elderly population.18 Thus, in order 
to capture increases in fat mass more precisely, we mea-
sured weight change in kg from 20 years of age.19 We used 
self-reported body weight at 20 years of age and that at the 
time of the TMM medical check-up to calculate weight 
change in kg. Weight change was categorized into weight 
gain ≥10 kg and weight gain <10kg from 20 years of age 
to the timing of surveillance.

Questionnaire on Lifestyle and 
Sociodemographic Factor
The questionnaire included the following questions on 
daily lifestyle, including amount of sleep (categorized as 
<5 hours/day, 5–6 hours/day, 6–7 hours/day, 7–8 hours/ 
day, 8–9 hours/day, >9 hours/day), frequency of eating 
breakfast (less than once/month, 1–3 times/month, 1–2 
times/week, 3–4 times/week, 5–6 times/week, 
every day), and average times per day engaged in walking 
and sitting in the prior year (categorized as never, <30 
minutes/day, 30–60 minutes/day, 1–3 hours/day, 3–5 
hours/day, 5–7 hours/day, 7–9 hours/day, 9–11 hours/ 
day, >11 hours/day). Smoking habits (never, former, cur-
rent) were also collected by questionnaire. Subjects who 
reported eating breakfast every day, or almost daily, were 
defined as eating breakfast regularly, and those who 
reported eating a morning meal less than 5–6 times/ 
week were categorized as skipping breakfast. The infor-
mation on sociodemographic factors, such as marital sta-
tus, formal education level, and employment status, was 
obtained by the questionnaire as well. Formal education 
level was classified as: completed elementary/middle 
school, completed high school, and completed univer-
sity/college. Marital status was classified into four groups 
as married, single, divorced, and widowed. Employment 
status was categorized as having a paid employment 
or not.

Statistical Analysis
In order to minimize selection bias, a propensity score (PS) 
matching analysis was applied to those who gained ≥10kg and 
<10kg after 20 years of age. As current BMI was often higher 
in the “high weight gain” than in the “low weight gain” group, 
predictors matched in the PS model included BMI at the time 
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of this study as well as age and gender, in order to precisely 
distinguish the effects of weight gain in adulthood. PS match-
ing uses a nearest-neighbor algorithm to match weight gain 
≥10kg with weight gain <10kg after 20 years of age, at 1:1, in 
the final dataset. For matching, the logit of the PS was used, 
with a caliper distance of less than 0.1 standard deviations. 
After the PS matching analysis, 3601 subjects (1709 males 
and 1892 females) who gained ≥10kg after 20 years of age 
were matched with 3601 subjects (1636 males and 1965 
females) who gained <10kg, with a total of 7202 cohort 
subjects finally being included in this study (Figure 1).

Continuous variables were expressed as medians (25th– 
75th percentiles). Categorical variables were expressed as 
numbers and percentages. The characteristics and prevalence 
of major health outcomes of weight change were assessed 
using the chi-square test for categorical variables and the 
Mann–Whitney U-test for continuous variables. Adjusted 
standardized residuals were used to determine which groups 
presented significant differences in a cross table, enabling the 
significance of each criterion to be calculated independently. 
Odds ratios (ORs) and 95% confidence intervals (CIs) were 
calculated to estimate the strength of associations between 
weight gain since age 20 and adverse health outcomes. The 
Mantel–Haenszel method was used to adjust for smoking 
status. Moreover, we used multivariable logistic regressions 
to assess the associations of lifestyle factors with marked 
weight gain. A P value <0.05 was considered to indicate 
a statistically significant difference. Statistical analyses were 

performed using SPSS version 25 (SPSS Japan Inc., Tokyo, 
Japan).

Results
Table 1 shows the characteristics of study participants, cate-
gorized by weight gain ≥10kg and <10kg from 20 years of age 
to the timing of surveillance. As a result of PS matching, values 
of BMI at the time of this study, age, and gender were similar in 
the two groups. The median BMI at age 20 was 20.4 kg/m2 in 
the subjects with weight gain ≥10kg after 20 years of age, 
significantly smaller than the 23.8 kg/m2 in those with weight 
gain <10kg (p<0.001). In other words, those who gained 
<10kg were somewhat heavier in adolescence. Participants 
who gained ≥10kg had significantly higher values for waist 
circumference, systolic BP, diastolic BP, LDL-C, triglycerides, 
HbA1c, aspartate aminotransferase (AST), alanine amino-
transferase (ALT), gamma-glutamyl transferase (GGT), and 
UA than those who gained <10kg. In contrast, the values for 
HDL-C, glycated albumin, and eGFR in the subjects with 
weight gain ≥10kg were significantly lower than in those 
who gained <10kg (Table 1, Supplemental Table 1). In addi-
tion, sociodemographic factors, including educational level, 
employment status, and marital status, are demonstrated in 
Table 1. Chi-square test and adjusted standardized residuals 
statistical tests revealed that the subjects with weight 
gain≥10 kg are more likely to complete high school, less likely 
to have a paid employment, and less likely to be single than the 
subjects with weight gain <10kg (p<0.05).

Iwate Tohoku Medical Megabank Organization general population-based cohort 
(n=32,657; 12,004 males and 20,653 females)

excluded

completed self-administered questionnaires on lifestyle habits 
and body weight at 20 years of age (n=29,417)

Age < 40 years (n=2,154)

self-reported past-history of a 
malignant (n=2,228)

Subjects with weight gain
after 20 years of age <10 kg

(n=3,601; 1,636 males and 1,965 females) 

Subjects with weight gain
after 20 years of age ≥10 kg

(n=3,601; 1,709 males and 1,892 females)

Propensity score matching

Figure 1 Study recruitment diagram. Patient selection for evaluating associations between lifestyle habits and adverse health outcomes in propensity score (PS)-matched 
subjects who gained ≥10 kg versus <10 kg after age 20 years is summarized in the study flowchart. The PS-matched analysis was conducted employing the following 
covariates: age, sex, and BMI at the time of the study. We used 0.1 times the pooled standard deviation of the logit of the PS as the caliper width for the PS matching.
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The non-communicable disease prevalence in each group 
is also presented in Table 1. Weight gain ≥10kg after 20 years 
of age was associated with a significantly increased OR for 
hypertension (OR 1.153; 95% CI 1.050–1.265; P<0.05, 
Mantel–Haenszel common OR estimate; 1.145; 95% CI; 
1.043–1.257; p=0.005), dyslipidemia (OR 1.356; 95% CI 
1.231–1.492; P<0.05, Mantel–Haenszel common OR esti-
mate; 1.359; 95% CI; 1.234–1.496; P<0.001), hyperuricemia 
(OR 1.222; 95% CI 1.067–1.400; P<0.05, Mantel–Haenszel 

common OR estimate; 1.200; 95% CI 1045–1.379; P=0.011), 
and MetS (OR 1.404; 95% CI 1.259–1.565; P<0.05, Mantel– 
Haenszel common OR estimate; 1.396; 95% CI 1.251–1.558; 
P<0.001) as compared with weight gain <10kg. The preva-
lence of cardiovascular events was similar between two 
groups.

The number of factors comprising the MetS differed 
significantly, as analyzed employing the chi-square test, 
between the two groups (Table 2). The analyses conducted 

Table 1 Characteristics of the Study Participants

Weight Gain After 20 Years of Age P value*

<10kg (n=3601) ≥ 10kg (n=3601)

Gender (male/female) 1709/1892 1636/1965

Age (years) 64 (55–69) 63 (55–67)

BMI at the time of the study (kg/m2) 25.9 (24.5–27.2) 25.8 (24.5–27.3)

BMI at 20 years of age (kg/m2) 23.8 (22.4–25.6) 20.4 (19.2–21.7) <0.001

Waist circumference (cm) 87.3 (83.5–91.7) 89.2 (85.4–93.5) <0.001

Systolic blood pressure (mmHg) 129 (119–141) 130 (120–143) 0.007

Diastolic blood pressure (mmHg) 77 (70–84) 78 (71–84) 0.016

Hypertension, n (%) 1959 (54.4) 2085 (57.9) 0.003

Dyslipidemia, n (%) 2151 (59.7) 2405 (66.8) <0.001

Type 2 Diabetes, n (%) 653 (18.1) 713 (19.8) 0.071

Chronic kidney disease, n (%) 794 (22.0) 830 (23.0) 0.310

Hyperuricemia, n (%) 443 (12.3) 527 (14.6) 0.004

Metabolic syndrome, n (%) 755 (21.0) 977 (27.1) <0.001

Stroke, n (%) 79 (2.2) 80 (2.2) 0.936

Coronary heart disease, n (%) 97 (2.7) 95 (2.6) 0.884

Aneurysm of aorta, n (%) 22 (0.6) 25 (0.7) 0.661

Chronic heart failure, n (%) 13 (0.4) 18 (0.5) 0.368

Marital status, n (%) 0.007
Single 316 (8.9) 263 (7.4)#

Divorced 137 (3.9) 171 (4.8)

Living with a spouse 2835 (79.8) 2827 (79.2)

Widowed 265 (7.5) 310 (8.7)

Education level, n (%) <0.001
Completed elementary/middle school 1124 (31.6) 931 (26.2)##

Completed high school 1514 (42.6) 1652 (46.6)##

Completes university/college 916 (25.8) 965 (27.2)

Employment, n (%) 2062 (58.2) 1970 (55.5) 0.022

Notes: *Mann–Whitney U-test or chi-square test. Median values are shown (25th percentile-75th percentiles). #Adjusted residual >|1.96|, ##adjusted residual>|2.58|. 
Abbreviation: BMI, body mass index.
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using the adjusted standardized residuals revealed that the 
participants who gained ≥10kg were more likely to have 
two or more and less likely to have one or fewer factors 
comprising the MetS than those who gained <10kg. These 
results showed major weight gain after 20 years of age to 
be closely associated with the high prevalence of meta-
bolic disorders in middle age, in contrast to subjects with 
minor weight gain, even after matching their BMI at the 
time of this study.

Multivariate logistic analysis was employed to con-
firm the association between the prevalence of meta-
bolic disorders and marked weight gain in adulthood 
adjusted for gender, age, smoking status, habitual 
drinking, skipping breakfast, walking time, sleep dura-
tion, marital status, educational level, and employment 
status. The adjusted odds ratio was 1.216 (95% CI; 
1.095–1.350; p<0.001) for hypertension, 1.341 (95% 
CI; 1.209–1.487; p<0.001) for dyslipidemia, 1.307 
(95% CI; 1.121–1.523; p=0.001) for hyperuricemia, 

and 1.460 (95% CI; 1.293–1.648; p<0.001) for MetS 
(Table 3).

Next, the relationships between the weight gain in 
adulthood and recent lifestyle factors, as collected by 
questionnaire, were examined (Table 4). To determine 
which factors differed significantly between the two 
groups, post-hoc adjusted residuals analyses were per-
formed after applying the chi-square test. Participants 
who gained ≥10 kg were significantly more likely to 
sleep <5 hours or ≥9 hours per night, to skip breakfast, 
to engage in walking <1 hour per day, to sit ≥5 hours 
per day, and to be former smokers than those who gained 
<10kg.

Multivariable logistic regression analyses were per-
formed to identify variables independently related to marked 
weight gain in adulthood (Table 5). Model 1, which was 
adjusted for gender, age, BMI, smoking status, habitual 
drinking, eating breakfast, walking time, and sleep duration, 
revealed former smoking to be positively (former vs never, 
OR 1.217; 95% CI 1.057–1.401), skipping breakfast posi-
tively (skipping vs regularly eating breakfast, OR 1.264; 95% 
CI 1.068–1.496) and walking time negatively (1–3 hours/ 
day; OR 0.834; 95% CI 0.747–0.930, 3–5 hours/day; OR 
0.821; 95% CI 0.697–0.967, >5 hours/day; OR 0.771; 95% 
CI 0.650–0.915 vs <1 hour/day) associated with major 
weight gain in adulthood, respectively. Model 2, with addi-
tionally controlling for sociodemographic factors (marital 
status, formal education level, and employment status) 
revealed former smoking (former vs never, OR 1.163; 95% 
CI 1.008–1.343), skipping breakfast (skipping vs regularly 
eating breakfast, OR 1.252; 95% CI 1.053–1.489), walking 
time (1–3 hours/day; OR 0.828; 95% CI 0.740–0.926, 3–5 
hours/day; OR 0.818; 95% CI 0.691–0.968, >5 hours/day; 
OR 0.821; 95% CI 0.688–0.980 vs <1 hour/day) and long 
sleep duration (9 hours/day≤ OR 1.613; 95% CI 1.018–2.557 
vs 5–7 hours/day) to be statistically significant predictors of 
marked weight gain, respectively.

Discussion
This cross-sectional study obtained several important find-
ings regarding major body weight gain in adulthood. First, 
gaining more than 10kg in adulthood was closely asso-
ciated with unfavorable lifestyle factors at the time of 
surveillance, which presumably reflected prolonged main-
tenance of these poor habits. Second, even with matching 
for BMI at the time of the surveillance, major weight gain 
after maturity contributed significantly to the development 
of metabolic disorders.

Table 3 Odds Ratios of Metabolic Disorder Prevalences from 
Multivariable Logistic Regression Model Associated with Weight 
Gain ≥10kg After 20 Years of Age vs Weight Gain <10kg

Metabolic Disorders OR (95% CI)

Hypertension 1.26 (1.095–1.350)
Dyslipidemia 1.341 (1.209–1.487)

Hyperuricemia 1.307 (1.121–1.523)

MetS 1.460 (1.293–1.648)
CKD 1.087 (0.962–1.228)

Type 2 Diabetes 1.100 (0.968–1.251)

Notes: Independent variables: gender, age, smoking status, habitual drinking, eating 
breakfast, walking time, sleep duration, marital status, formal education level, 
employment status. 
Abbreviations: MetS, metabolic syndrome, CKD, chronic kidney disease.

Table 2 The Comparison of the Number of Metabolic Syndrome 
Risk Factors by Weight Gain After 20 Years of Age

Weight Gain After 20 Years of Age P value*

<10kg (n=3601) ≥ 10kg (n=3601)

0, n (%) 458 (54.4) 307 (8.5)## <0.001
1, n (%) 1018 (50.0) 802 (22.3)##

2, n (%) 1154 (18.1) 1237 (34.4)#

3, n (%) 758 (9.6) 962 (26.7)##

4, n (%) 213 (12.3) 293 (8.1)##

Notes: *Chi-square test or residual analysis. #Adjusted residual >|1.96|, ##adjusted 
residual>|2.58|. Factors comprising metabolic syndrome; (1) a waist circumference 
of ≥85 cm in men and ≥90 cm in women, (2) dyslipidemia (triglycerides ≥150 mg/dL 
or HDL-C < 40 mg/dL) or current lipid-lowering medications, (3) high blood 
pressure (systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85 
mmHg) or current antihypertensive medications, and (4) hyperglycemia (fasting 
glucose ≥110 mg/dL) or current medications for diabetes mellitus.
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Certain lifestyle factors, such as physical inactivity, 
high-fat and -protein diets, alcohol consumption, and cer-
tain health characteristics, are reportedly related to long- 
term weight gain.20 However, the associations between 
lifestyle factors and weight change in adulthood have not 
been extensively documented in large-scale studies. To the 
best of our knowledge, this is the first large population- 
based study examining these associations in an Asian 
country.

Our present study revealed lifestyle factors, identified 
by surveillance in middle-aged subjects, to be associated 
with weight gain in adulthood. Skipping breakfast has 
been suggested to be associated with overweight and 
obesity,21 because individuals who usually skip breakfast 
tend to have poorer diet quality22 and higher total daily 
energy intakes23 than those who consume breakfast regu-
larly. In addition, skipping breakfast might be a marker of 
certain lifestyle characteristics, such as lower levels of 
physical activity.24 Nevertheless, the relationship between 

skipping breakfast and obesity remains controversial. 
Several studies have indicated not only the absence of 
a significant correlation between skipping breakfast and 
obesity,25 but also showed weight loss to be associated 
with skipping breakfast.26 Our current BMI, age, and 
gender-matched study suggests a relationship between rou-
tinely skipping breakfast by middle-aged individuals and 
weight gain in adulthood.

The results of this study indicated long sleep duration, 
such as ≥9 hours/day, to be closely associated with weight 
gain in adulthood. The relationship between an inadequate 
amount of sleep and MetS has been analyzed 
epidemiologically27 and in human studies focusing on 
metabolites.28 In contrast, little attention has been paid to 
the effects of excessively long sleep times on health out-
comes. Although a recent meta-analysis revealed exces-
sive amounts of sleep also to be associated with 
a significantly increased risk for negative health outcomes, 
including obesity,29 they have not investigated the 

Table 4 The Comparison of Lifestyle Factors by Weight Gain After 20 Years of Age

Weight Gain After 20 Years of Age P value*

<10kg (n=3601) ≥ 10kg (n=3601)

Smoking status, n (%) 0.049
Never smokers 2326 (64.6) 2265 (62.9)

Former smokers 762 (21.2) 848 (23.5)#

Current smokers 513 (14.2) 488 (13.6)

Habitual drinking, n (%) 1830/3581 (51.1) 1788/3594 (49.7) 0.252

Sleep, hours/day, n (%) 0.010

<5 153 (4.3) 190 (5.3)#

5 - <7 2202 (61.1) 2225 (61.9)
7 - <9 1205 (33.5) 1119 (31.1)#

≥ 9 39 (1.1) 59 (1.6)#

Eating breakfast, n (%) 0.001

Skipping 299 (8.5) 381 (10.8)

Regularly 3217 (91.5) 3142 (89.2)

Walking time, hours/day, n (%) <0.001

<1 1453 (42.6) 1623 (47.7)##

1 - <3 1203 (35.3) 1120 (32.9)#

3 - <5 386 (11.3) 354 (10.4)

≥ 5 365 (10.7) 305 (9.0)#

Sitting time, hours/day, n (%) <0.001

<1 454 (13.7) 427 (12.8)
1 – <3 1012 (30.6) 842 (25.3)##

3 – <5 980 (29.6) 1022 (30.7)

≥ 5 865 (26.1) 1037 (31.2)##

Notes: *Chi-square test or residual analysis. #Adjusted residual >|1.96|, ##adjusted residual>|2.58|.
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association between body weight change for long periods, 
such as after 20 years of age, and health outcomes. Only 
one study explored the relationship of weight gain in 
adulthood with the amount of sleep and demonstrated an 
association of BMI at the time of the study, but not BMI 
gain between ages 20–40 years, and short sleep duration.30 

According to our literature search, this was the first study 
to indicate a relationship between long sleep duration and 
weight gain from 20 years of age to middle age.

Smoking cessation is a well-established determinant of 
weight gain.31 Our results also showed former smoking, 
but not current smoking, to be significantly associated with 
weight gain ≥10kg after 20 years of age. Although 
mechanisms underlying smoking cessation-induced weight 
gain remain poorly understood, our results suggest that 
post-cessation weight gain might result from 1) smoking 
cessation being associated with increased energy intake 
and decreased energy expenditure,32 2) giving up cigarette 
smoking might return the body weight to a set-point, 
which is lowered by nicotine (and possibly other smoking 
products).33 Admittedly, smoking cessation might lead to 

substantial weight gain, resulting in an elevated risk of 
type 2 diabetes, but this would not diminish the benefits of 
quitting smoking for reducing cardiovascular and all-cause 
mortality.34

Weight gain ≥10kg in adulthood was found to be 
associated with higher levels of liver enzymes and high 
prevalence of hypertension, dyslipidemia, hyperuricemia, 
and MetS as compared to weight gain <10kg. The most 
important finding underlying these metabolic disorders 
was large waist circumference even in subjects with simi-
lar BMI, indicating visceral fat accumulation. Fat-free 
mass peaked in men at 35 to 44 years of age and in 
women at 45 to 54 years, declining thereafter, and fat 
mass and proportion of fat mass increased progressively 
in both genders with aging.35 Furthermore, weight gain 
during adulthood was closely associated with a larger 
amount of visceral fat and higher hepatic triglyceride con-
tents in middle age, with no major change in subcutaneous 
fat, regardless of total body fat.36 Interestingly, men who 
were relatively slim as young adults, ie, had low BMI at 
age 20, often exhibited more weight gain-associated visc-
eral fat accumulation,37 an observation compatible with 
our results of a large waist circumference at the time of 
the present surveillance in the subjects who had gained 
≥10kg. From another perspective, we can also speculate 
that the participants who gained <10kg after 20 years of 
age, whose median BMI was 23.8 kg/m2 at age 20, might 
have had a large fat free mass, including muscle and/or 
subcutaneous fat mass in adolescence.

The molecular mechanism linking weight gain in adult-
hood and visceral fat accumulation might involve subjects 
with low BMI when young having a low fat-storage capa-
city in their subcutaneous adipose tissues because the total 
number of adipocytes remains constant in adulthood, ris-
ing only in childhood and adolescence,38 Even slight 
weight gain might easily overwhelm the lipid storage 
capacity of subcutaneous adipose tissue, and excess lipids 
may accumulate in visceral adipose tissue, especially in 
East Asian populations,39 In addition, excess lipids were 
also thought to spill over into the liver, muscle, epicar-
dium, and pancreas, resulting in ectopic fat accumulation, 
which has been recognized as an emerging risk factor for 
metabolic morbidities and atherosclerosis,40 In this study, 
the subjects with marked weight gain in adulthood showed 
higher hepatic enzyme levels, possibly reflecting hepatic 
steatosis including NAFLD. The results of our study raise 
the possibility of major weight gain in adulthood being 

Table 5 Odds Ratios of Lifestyle Factors from Multivariable 
Logistic Regression Model Associated with Weight Gain ≥10kg 
After 20 Years of Age vs Weight Gain <10kg

Model 1 Model 2

OR (95% CI) OR (95% CI)

Smoking status

Never smoker 1.00 (reference) 1.00 (reference)

Current smoker 0.986 (0.846–1.159) 0.974 (0.826–1.148)
Former smoker 1.217 (1.057–1.401) 1.163 (1.008–1.343)

Habitual drinking 0.934 (0.837–1.042) 0.914 (0.817–1.023)

Eating breakfast

Regularly 1.00 (reference) 1.00 (reference)

Skipping 1.264 (1.068–1.496) 1.252 (1.053–1.489)

Walking time, hours/ 

day
<1 1.00 (reference) 1.00

1 – <3 0.834 (0.747–0.930) 0.828 (0.740–0.926)

3 – <5 0.821 (0.697–0.967) 0.818 (0.691–0.968)
≥ 5 0.771 (0.650–0.915) 0.821 (0.688–0.980)

Sleep, hours/day
<5 1.227 (0.972–1.549) 1.264 (0.994–1.607)

5 – <7 1.00 (reference) 1.00 (reference)

7 – <9 0.960 (0.863–1.069) 0.978 (0.876–1.092)
≥ 9 1.410 (0.914–2.172) 1.613 (1.018–2.557)

Notes: Model 1: independent variables: gender, age, BMI, smoking status, habitual 
drinking, eating breakfast, walking time, sleep duration. Model 2: independent 
variables: Model 1+ marital status, formal education level, employment status.
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highly involved in ectopic fat accumulation, such as that in 
the liver and viscera.

Strengths of our study include the large population- 
based analysis through PS matching with age, gender, 
and BMI at the time of the surveillance. Most previous 
studies performed comparative analyses without matching 
for current BMI, causing critical bias in evaluating health 
conditions because the current degree of obesity has 
a major impact on metabolic phenotype. Our PS-matched 
model enabled us to distinguish the effects of weight gain 
from those of current body weight, leading to an unbiased 
investigation. In addition, a wide-ranging questionnaire 
concerning lifestyle factors enabled us to elucidate the 
relationships of unfavorable lifestyle factors with weight 
gain in adulthood. In order to carry out effective public 
health actions to control the obesity epidemic, recognition 
of the modifiable lifestyle factors related to weight gain is 
urgently required.

This study has limitations that must be considered. 
First, the dataset was cross-sectional, and causality thus 
cannot be inferred. The bidirectional associations between 
unfavorable lifestyle behavior and weight gain need to be 
taken into consideration. The bidirectional association of 
low physical activity with both body weight gain and 
mobility disability41 has been demonstrated. 
Furthermore, regarding the relationship between long 
sleep duration and weight gain, bidirectional effects have 
also been proposed, by which obesity-related metabolic 
disorders, such as depression, low-grade inflammation, 
and sleep-disordered breathing, might cause positive feed-
back for excessive sleep.42 As the second limitation, we 
calculated weight gain from the age of 20 years using 
a self-reported weight at age 20, which would be subject 
to recall errors. However, as a previous study showed the 
accuracy of long-term recall of past body weight,43 the 
self-reported past weights were thought to be relatively 
reliable. Moreover, large-scale epidemiological studies, as 
a series of The Japan Public Health Center-based 
Prospective Study (JPHC)44 or the Japan Multi- 
institutional Collaborative Cohort (J-MICC) study,45 

have been conducted focusing on weight change after 20 
years of age, using the same questionnaire as the current 
study. Therefore, misclassification of weight gain after 20 
years of age ≥10kg or <10kg might have less impact on 
the results. Third, the current study has not evaluated the 
validity and reliability of the questionnaire. However, we 
have adopted the lifestyle questionnaire, which was estab-
lished in J-MICC study.46 Besides the current study, The 

Japan Public Health Center-based Prospective Study for 
the Next Generation (JPHC-NEXT),47 and Yamagata 
Molecular Epidemiological Cohort Study48 use the same 
or similar questionnaire. The J-MICC and JPHC-NEXT 
have conducted a validity study by examining all ques-
tionnaires for integrated analysis.46 Therefore, we believe 
that the validity and reliability of the questionnaire used in 
the current study have been assured by many series of 
epidemiologic studies. Fourth, weight change time 
courses were not examined. It is noteworthy that weight 
gain in adulthood occurred gradually in some cases but 
quite dramatically at certain ages in others. Moreover, the 
subjects with weight loss in adulthood, who possibly had 
severe health concerns, were categorized as a weight gain 
<10kg group. Finally, we have yet to collect, by question-
naire or interview, lifestyle habits at age 20. Thus, we 
cannot speculate as to whether changes in lifestyle or 
lifestyle habits that were present at baseline impacted 
the results. This cohort mainly includes the disaster area 
residents whose lifestyle habits might have been markedly 
altered in response to the Great East Japan Earthquake and 
resulting tsunami. However, we believe that it is impor-
tant to investigate both the risk factors for and the protec-
tive factors against obesity, especially in this area, because 
numbers of patients suffering from obesity-related comor-
bidities have increased in this area since the disaster.

Conclusion
In conclusion, unfavorable lifestyle factors, such as low 
physical activity, skipping breakfast, inappropriate sleep 
duration, and smoking, were closely associated with weight 
gain in adulthood. Moreover, major weight gain after 20 
years of age was associated with larger waist circumference, 
possibly leading to an elevated risk for MetS and other non- 
communicable diseases. These findings, obtained from 
a general population-based cohort, highlight the importance 
of maintaining both normal weight and favorable lifestyle 
habits throughout adulthood.
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