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Associations between family factors and
body weight gain from 20 years old
Wakako Suzuki1,2 , Wuren2, Kiyonori Kuriki2* and Shizuoka-Sakuragaoka J-MICC Study Group

Abstract

Background: Although family factors can greatly impact adult health, little is known about the extent to which
family factors are related to body weight gain (BWG) in adulthood. This study aimed to examine the associations
between family factors and BWG from 20 years old.

Methods: Among the 6395 possible participants aged 35 to 79 years, 2884 men and 2171 women were eligible for
the study. Present body mass indexes (BMI) were measured, and family factors and body weight from 20 years old
(i.e., BMI_20yr) were collected using a self-administered questionnaire. The differences between BMI and BMI_20yr
were calculated, and those with increases of BMI ≥2.5 kg/m2 (i.e., ≥7.5 and 6.0 kg in men and women, respectively)
were defined as ‘cases’ of BWG. Using a multiple logistic regression analysis, the odds ratios (ORs, 95% confidence
intervals [CIs] and p for trend) were estimated.

Results: In the men, no association was found. In the women, the ORs were 0.31, 1.00 and 0.77 (0.17–0.58, [reference],
and (0.52–1.29), p < 0.001) as per their marital status: unmarried, married, and bereaved/divorced, respectively. Although
no association was found with family structure (i.e., single, couple, and two and three generations living together), for
familial relationships, the ORs were 1.00, 1.11 and 1.86 ([reference], 0.85–1.46, and 1.25–2.79, p < 0.01) for ‘good’,
‘somewhat good’, and ‘not so good/not good’, respectively. Even if a ‘case’ of BWG was ≥3.5 kg/m2, nearly the same
risks remained.

Conclusion: Marital status and family relationships were associated with decreased and increased risks of BWG only in
the female participants. Family factors should be considered when advising women on body weight control.
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Background
Obesity is an important public health concern world-wide,
and adulthood body weight gain (BWG) is suggested to be
related to increased risks of death from many diseases
such as myocardial infarction [1] and colorectal cancer
[2]. According to annual reports by the National Nutrition
Survey in Japan [3], the prevalence rates of obesity among
middle-aged to older men and women have consistently
increased and remained at a higher level over the last 10
years. Certainly, the rate for young people has increased,
and a remarkable BWG is also observed in adulthood,
which has been thought to be particularly influenced by
family contexts [4].

For children and young people, BWG has been re-
ported to be positively related to perinatal, familial, and
socio-economic factors [5–7]. Whereas, for adults, fam-
ily structure, i.e., alone, couple, two and three genera-
tions, has been thought to be associated with being
overweight and obese [8], but the details have not been
clarified. Among paired adult siblings in a twin study, if
one sibling became obese, it has been suggested that the
other would also become obese [9]. As for the reasons
why this would occur, it was suggested that while their
parent’s contributions had an effect on cumulative BWG
process of over the long term, lifestyle factors might be
modified with adulthood BWG.
Gender differences were observed in the acceleration

of BWG in adulthood [10]. In contrast to married
American men, among married American women, BWG
has been reported to continue during their lifetimes, but
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weight loss was observed only in women who were be-
reaved/divorced (i.e., widow) [11]. In a large-scale study
among Finnish men and women, BWG was found with
married people in a six-year follow-up, but weight loss
was found with widows [12]. Among children and ado-
lescents [13], increased risks of being overweight and
obese have been shown to be associated with poor family
relationships such as difficulty in communicating their
parents, while little is known about their parents them-
selves. In East Asia, the divorce and single rates have
gradually increased [14], so it is also considered to be a
social issue.
As described above, although it has been suggested

that living with one’s family may influence BWG [15], as
of yet, family factors have not been studied regarding
BWG. In the present cross-sectional study as part of the
Shizuoka-Sakuragaoka Japan Multi-Institutional Collab-
orative Cohort (J-MICC) Study on adulthood BWG, we
examined associations with family factors, which focused
on family structure, marital status, and family relation-
ships in each gender, and numbers of pregnancies, child-
birth, and miscarriages with women.

Methods
Study participants
The present cross-sectional study was conducted as a
series of the Shizuoka-Sakuragaoka J-MICC Study, which
is summarized elsewhere [16]. In brief, the J-MICC study
was executed to clarify relationships between genetic and
lifestyle factors for risks of lifestyle-related diseases, such
as cancer, heart and cerebrovascular diseases, and dia-
betes. The J-MICC Study was composed of 12 regional
groups across all of Japan. More than 100 thousand
baseline study participants were recruited between 2005
and 2013. The J-MICC Study and each regional study are
ongoing according to common and regional protocols
(which include all common protocols).
In the Shizuoka-Sakuragaoka J-MICC Study, the indi-

viduals who met the following criteria were recruited: 1)
men and women aged 35 to 79 years; 2) inhabitants of
our target regions (14 cities and three towns, from cen-
tral to western locations in Shizuoka prefecture, where
almost 1.7 million people are aged 35 to 79 years old,
and sub-prefecture covers 5733 km2 out of the prefec-
tural total 7777 km2); and 3) people who scheduled their
annual health check-ups at our five collaborating insti-
tutes. We obtained individually written informed con-
sents after thoroughly explaining the study’s purpose
and outline with an explanatory document mailed be-
forehand and by trained research nurses. Along with Na-
goya University Graduate School of Medicine and Aichi
Cancer Center Research Institute, our study was ap-
proved by the Ethics Committee of University of Shizu-
oka (No. 22–39) and the collaborating health check-up

centers. Over three years starting from February 2011,
6395 inhabitants in the target area participated, and par-
ticipation rate was 27.6% for almost all of the corre-
sponding health check-up examiners.
In the present study, 2884 men and 2171 women were

finally selected as eligible participants after excluding for
the following criteria: 1) missing data on family factors,
body weight at 20 years old, lifestyle information used as
potential confounding factors and measured height and
body weight (n = 830), and 2) participants with their
own medical history of cancer, cardiovascular disorders,
cerebrovascular diseases, or diabetes mellitus (n = 839).

Data collection on lifestyle information and family factors
Our self-administered questionnaire was composed of
both common (e.g., current height and body weight,
body weight at 20 years old, conventional lifestyle, and
their own medical history) and original parts from all
Japan and our region. In the former, number of pregnan-
cies, childbirth, and miscarriages were included. In the
latter, the following questions were listed: family factors
such as marital status (i.e., unmarried, married, bereaved
or divorce), family structure based on those living in the
same house (i.e., single, alone due for job purposes,
couple, two generations or three generations), family re-
lationships between family members (i.e., good, some-
what good, ‘not so good’ or ‘not good’), and others.
Along with the participants, trained scientific nurses
reviewed their answered questionnaires to as much as
possible limit missing data; this review was performed
two to three times by other trained scientific nurses,
using blue- and red-inked pens, respectively.

Definition and cases of BWG
Anthropometric factors such as height and body weight
were measured by making participants wear a light gown,
and their body mass index (BMI) was subsequently calcu-
lated. The BMI at 20 years (BMI_20yr) was also calculated
based on data in their questionnaires. Regarding the valid-
ity of recall bias for BMI_20yr, in a study among partici-
pants aged 50 (±2.2) years, the differences between
long-term self-reported weight and actual measured weight
at age 18 were about − 2.0 to + 2.0 kg and − 2.0 to − 1.5 kg
in men and women, respectively [17]. Underestimation
was observed in the women. Even among the male and fe-
male participants aged > 70 (< 1.0 as an absolute value of
SD) years, their self-reported body weight 28 years ago was
reported within the differences of 1.5 to 2.5 kg [18]. Similar
findings were observed among Japanese men [19].
In Japan, BMI ≥25 kg/m2 has been defined as obese

according to the Japan Society for the Study of Obesity,
as per the WHO’s expert observation [20]. With refer-
ence to a previous study [21], an increment of BMI ≥2.5
kg/m2 from BMI_20yr was defined as a ‘case’ of BWG
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(Model 1), which meant a BWG ≥7.5 and 6.0 kg among
Japanese men and women of average height, respectively.
An increase of BMI ≥3.5 kg/m2 from BMI_20yr was also
defined as a ‘case’ of BWG (Model 2), which corre-
sponded with a BWG ≥10.0 and 8.4 kg, respectively.
Each ‘negative’ BWG, that is, < 2.5 and < 3.5 kg/m2 from
BMI_20yr in Models 1 and 2, respectively, were defined
as the corresponding ‘control’. Thus, in the current
study, the two models for analysing the risks of BWG
≥2.5 and ≥ 3.5 kg/m2 were set for the following reason:
the differences in weight between Models 1 and 2 were
almost 2.5 kg/m2 in each gender, and those were slightly
larger than the recall bias for body weight at 20 years of
age. Considering under- and overestimation of body
weight at 20 years of age, it was checked whether the
two risks were consistent by means of the two models in
each gender.
Finally, to estimate the risks in the two models, there

were 1125 and 673 cases of BWG in men, and 706 and 482
cases of BWG in women in Models 1 and 2, respectively.

Statistical analyses
All analyses were performed separately for men and
women. Regarding health consciousness with respect to
body weight at baseline, but not at 20 years of age, par-
tial Pearson’s correlation coefficients (r) were calculated
between the two current BMI values according to actual
measurements and the self-administered questionnaire,
and the values were 0.98 and 0.99 (p < 0.001 for both)
for men and women, respectively. Due to the small
numbers of participants, the following levels were to-
taled as one level: ‘bereavement/divorce’ for marital
status, ‘single/alone due to job purpose’ (labelled as ‘sin-
gle’) for family structure, and ‘not so good/not good’ for
family relationships. As appropriate, t- and chi-square
tests were used for continuous and qualitative variables,
respectively. In Models 1 and 2, a multiple logistic re-
gression analysis was used to estimate the odds ratios
(ORs) and 95% confidence intervals (CIs) for BMI incre-
ments of ≥2.5 and 3.5 kg/m2 from BMI_20yr, respect-
ively. With reference to previous studies [8, 11, 12], the
potential confounding factors were applied as follows:
age, BMI, and physical activity (as continuous variables
for the three variables), smoking status, and habitual
drinking (never, ex- and smokers/drinkers = 0, 1 and 2),
feeling stressed (many times, normal and rare = − 1, 0
and 1) and education level (< 12, 12 and ≥ 12 years = 0, 1
and 2). Trend association was assessed through the fol-
lowing assignments: ordinal numbers (− 1, 0 and 1) to
unmarried, married and ‘bereavement/divorce’ for mari-
tal status; those (0, 1, 2 and 3) to single, couple, two gen-
erations and three generations for family structure; those
(0, 1 and 2) to the following four variables for family re-
lationships: good, somewhat good and ‘not so good/not

good’ and for 0, 1 or 2 times of pregnancies, childbirth
and miscarriages. A p-value of < 0.05 (two tails) was con-
sidered statistically significant. Statistical analyses were
performed with the software packages SPSS version 19.0
(IBM Co., Armonk, NY).

Results
Table 1 shows study participants’ characteristics accord-
ing to two BWG models for the men: ≥2.5 and 3.5 kg/
m2. In Model 1 (BWG ≥2.5 kg/m2), mean values and SD
of age and BMI in male cases were younger and higher
(56.0 ± 9.8 vs. 57.6 ± 11.1 years old, and 25.3 ± 2.8 vs.
21.9 ± 2.4 kg/m2, p < 0.001 for both), while BMI_20yr
was lower (20.9 ± 2.2 vs. 21.7 ± 2.4 kg/m2, p < 0.001).
Likewise, in Model 2 (BWG ≥ 3.5 kg/m2), the mean
values and SD of age and BMI were younger and higher
(56.1 ± 9.5 vs. 57.3 ± 11.0 years old, and 26.1 ± 2.9 vs.
22.4 ± 2.5 kg/m2, p = 0.01 and < 0.001, respectively), and
BMI_20yr was lower (20.7 ± 2.3 vs. 21.6 ± 2.4 kg/m2, p <
0.001). In Models 1 and 2, the prevalence rates of obesity
were 48.4 and 61.5% for male cases and 9.0 and 13.1%
for male controls (p < 0.001 and 0.013), respectively.
Among the women, Table 2 shows study participants’

characteristics according to two BWG models: ≥2.5 and
3.5 kg/m2. In contrast to the men, in Model 1, no differ-
ences were found between the two groups for age and
BMI, but female cases had lower BMI_20yr (20.2 ± 2.3 vs.
20.9 ± 2.3 kg/m2, p < 0.001). In Model 2, they had higher
BMIs and lower BMI_20yr (25.9 ± 3.5 vs. 20.8 ± 2.4, and
20.3 ± 2.4 vs. 20.8 ± 2.3 kg/m2, p < 0.001 for both, respect-
ively). In Models 1 and 2, the prevalence rates of obesity
were 43.5 and 55.2% for female cases and 3.0 and 5.0% for
female controls (p < 0.001 for both), respectively.
Tables 3 and 4 shows the multivariable-adjusted ORs

(95% CIs) for BWG ≥2.5 and 3.5 kg/m2 (Models 1 and 2)
according to family factors among the men and women,
respectively. No association was found in the men. For the
women, in Model 1 (Table 4), the ORs were 0.31, 1.00 and
0.77 (0.52–1.29, [reference] and 0.17–0.58, p for trend <
0.001) for marital statuses, that were ‘unmarried’, ‘married’,
and ‘bereavement/divorce’, respectively. Further, the ORs
were 1.00, 1.11 and 1.86 ([reference], 0.85–1.46 and 1.25–
2.79, p for trend = 0.009) for familial relationships, that
were ‘good’, ‘somewhat good’ and ‘not so good/not good’,
respectively. For women, in Model 2, the corresponding
two risks remained as follows: 0.89, 1.00 and 0.29 (0.58–
1.39, [reference] and 0.13–0.65, p for trend = 0.006), and
1.00, 0.98 and 1.62 ([reference], 0.72–1.33 and 1.02–2.56,
p for trend = 0.120), respectively.
Moreover, regarding numbers of pregnancies and

childbirth in Table 4, decreased risks were 0.46, 0.99,
and 1.00 (0.29–0.73, 0.61–1.60 and [reference], p for
trend = 0.003) and 0.45, 1.28, and 1.00 (0.29–0.70, 0.84–
1.95 and [reference], p for trend = 0.004) for 0, 1 and 2
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Table 1 Characteristics of male study participants (n = 2884)

Model 1 (⊿BMI> = 2.5 kg/m2)a Model 2 (⊿BMI> = 3.5 kg/m2)a

Casesb, c Contorlsb, c pc Casesb, c Contorlsb, c pd

(n = 1125) (n = 1759) (n = 673) (n = 2211)

Age (yr)e 56.0 ± 9.8 57.6 ± 11.1 <0.001 56.1 ± 9.5 57.3 ± 11.0 <0.05

BMI (kg/m2)e 25.3 ± 2.8 21.9 ± 2.4 <0.001 26.1 ± 2.9 22.4 ± 2.5 <0.001

Height (cm)e 168.8 ± 5.8 168.1 ± 6.4 <0.05 168.9 ± 5.9 168.3 ± 6.3 <0.05

Weight (kg)e 72.4 ± 9.5 62.9 ± 8.3 <0.001 74.6 ± 9.7 64.2 ± 8.6 <0.001

Obesity, n (%) 545 (48.4) 159 (9.0) <0.001 414 (61.5) 290 (13.1) <0.05

BMI on 20 yr. (kg/m2)e 20.9 ± 2.2 21.7 ± 2.4 <0.001 20.7 ± 2.3 21.6 ± 2.3 <0.001

Weight on 20 yr. (kg)e 59.5 ± 7.7 61.3 ± 8.1 <0.001 59.2 ± 7.7 61.1 ± 8.0 <0.001

Obesity, n (%) 52 (4.6) 141 (8.0) <0.001 31 (4.6) 162 (7.3) <0.001

Physical activity (METs)e 18.6 ± 13.7 21.7 ± 14.3 <0.001 17.6 ± 13.5 21.3 ± 14.2 <0.001

Smoking status, n (%) 1122 1758 <0.001 671 2209 <0.05

Never smokers 326 (29.1) 591 (33.6) 197 (29.4) 720 (32.6)

Former smokers 530 (47.3) 698 (39.7) 320 (47.7) 908 (41.1)

Current smokers 266 (23.8) 469 (26.7) 154 (23.0) 581 (26.3)

Habitual drinking, n (%) 1125 1759 0.057 673 2211 <0.05

Never drinkers 270 (24.0) 356 (20.2) 168 (25.0) 458 (20.7)

Former drinkers 17 (1.5) 28 (1.6) 6 (0.9) 39 (1.8)

Current drinkers 838 (74.5) 1375 (78.2) 499 (74.1) 1714 (77.5)

Stress Feeling, n (%) 1051 1673 0.081 631 2093 0.538

Many times 156 (13.9) 252 (14.3) 92 (13.7) 316 (14.3)

Normal 565 (50.2) 947 (53.8) 341 (50.7) 1171 (53.0)

Nothing 330 (35.9) 474 (31.8) 198 (35.7) 606 (32.7)

Education, n (%) 1122 1754 <0.05 672 2204 <0.05

< 12 yr 77 (6.9) 159 (9.0) 46 (6.8) 190 (8.6)

12 yr 475 (42.3) 788 (44.8) 292 (43.5) 971 (44.1)

> = 12 yr 570 (50.8) 807 (46.2) 334 (49.7) 1043 (47.3)

Marital status, n (%) 1125 1759 0.352 673 2211 0.122

Unmarried 91 (8.1) 119 (6.8) 59 (8.8) 151 (6.8)

Married 970 (86.2) 1547 (87.9) 572 (85.0) 1945 (88.0)

Bereavement/divorce 64 (5.7) 93 (5.3) 42 (6.2) 115 (5.2)

Family structure, n (%) 1121 1758 0.882 671 2208 0.164

Single 68 (6.1) 96 (5.5) 49 (7.3) 115 (5.2)

Couple 218 (19.4) 355 (20.2) 123 (18.3) 450 (20.4)

Two generations 519 (46.3) 817 (46.4) 309 (46.1) 1027 (46.5)

Three generations 316 (28.2) 490 (27.9) 190 (28.3) 616 (27.9)

Family relationships, n (%) 1121 1750 0.577 670 2201 0.542

Good 505 (44.9) 762 (43.3) 305 (45.5) 962 (43.7)

Somewhat good 607 (54.0) 969 (55.1) 357 (53.0) 1219 (55.4)

‘Not so good’/‘not good’ 9 (0.8) 19 (1.1) 8 (1.2) 20 (0.9)

BMI body mass index
aIncrement of BMI ≥2.5 and 3.5 kg/m2 from BMI_20yr were meant ≥7.5 and 10.0 kg of body weight gain among Japanese men with their average height, in Model
1 and 2, respectively
bCases and controls were defined as the study participants with ‘positive’ and ‘negative’ of each cut-off value on body weight gain in Model 1 and 2, respectively
cNumbers of ‘unknown’ were not shown
dt- or chi-square tests
eValues were shown as mean ± standard deviation
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Table 2 Characteristics of female study participants (n = 2171)

Model 1 (⊿BMI> = 2.5 kg/m2)a Model 2 (⊿BMI> = 3.5 kg/m2)a

Casesb, c Contorlsb, c pc Casesb, c Contorlsb, c pd

(n = 706) (n = 1465) (n = 482) (n = 1689)

Age (yr)e 54.8 ± 9.7 54.6 ± 10.8 0.651 54.7 ± 9.7 54.7 ± 10.7 0.972

BMI (kg/m2)e 25.0 ± 3.4 20.5 ± 2.3 0.123 25.9 ± 3.5 20.8 ± 2.4 <0.001

Height (cm)e 155.6 ± 5.3 155.7 ± 5.8 0.259 155.7 ± 5.4 155.6 ± 5.7 0.715

Weight (kg)e 60.6 ± 8.9 49.7 ± 6.1 <0.001 63.0 ± 9.1 50.4 ± 6.3 <0.001

Obesity, n (%) 307 (43.5) 44 (3.0) <0.001 266 (55.2) 85 (5.0) <0.001

BMI on 20 yr. (kg/m2)e 20.2 ± 2.3 20.9 ± 2.3 <0.001 20.3 ± 2.4 20.8 ± 2.3 <0.001

Weight on 20 yr. (kg)e 48.9 ± 6.1 50.5 ± 5.9 <0.001 49.2 ± 6.3 50.2 ± 5.9 <0.001

Obesity, n (%) 26 (3.7) 67 (4.6) 0.337 21 (4.4) 72 (4.3) 0.899

Physical activity (METs)e 31.4 ± 7.3 32.0 ± 7.3 0.075 31.3 ± 7.5 32.0 ± 7.3 0.076

Smoking status, n (%) 705 1463 <0.01 481 1687 <0.001

Never smokers 586 (83.0) 1282 (87.5) 394 (81.7) 1474 (87.4)

Former smokers 73 (10.3) 97 (6.6) 57 (11.8) 113 (6.7)

Current smokers 46 (6.5) 84 (5.7) 30 (6.2) 100 (5.9)

Habitual drinking, n (%) 706 1464 0.393 482 1688 0.101

Never drinkers 411 (58.2) 832 (56.8) 290 (60.2) 953 (56.5)

Former drinkers 13 (1.8) 18 (1.2) 10 (2.1) 21 (1.2)

Current drinkers 282 (39.9) 614 (41.9) 182 (37.8) 714 (42.3)

Stress Feeling, n (%) 706 1465 <0.01 482 1689 0.126

Many times 48 (6.8) 113 (7.7) 33 (6.8) 128 (7.6)

Normal 300 (42.5) 713 (48.7) 208 (43.2) 805 (47.7)

Nothing 358 (50.7) 639 (43.6) 241 (50.0) 756 (44.8)

Education, n (%) 706 1465 0.139 482 1689 0.865

< 12 yr 51 (7.2) 98 (6.7) 33 (6.8) 116 (6.9)

12 yr 356 (50.4) 752 (51.3) 247 (51.2) 861 (51.0)

> = 12 yr 299 (42.4) 615 (42.0) 202 (41.9) 712 (42.2)

Marital status, n (%) 706 1465 <0.001 482 1689 <0.05

Unmarried 23 (3.3) 107 (7.3) 14 (2.9) 116 (6.9)

Married 607 (86.0) 1163 (79.4) 414 (85.9) 1356 (80.3)

Bereavement/divorce 76 (10.8) 195 (13.3) 54 (11.2) 217 (12.8)

Family structure, n (%) 705 1461 0.176 482 1684 0.266

Single 29 (4.1) 83 (5.7) 19 (16.8) 93 (19.1)

Couple 120 (17.0) 282 (19.2) 81 (3.9) 321 (5.5)

Two generations 358 (50.7) 688 (47.0) 247 (51.2) 799 (47.4)

Three generations 198 (28.0) 408 (27.8) 135 (28.0) 471 (28.0)

Family relationships, n (%) 703 1459 <0.001 480 1682 0.163

Good 273 (38.8) 642 (44.0) 187 (38.8) 728 (43.3)

Somewhat good 339 (48.2) 674 (46.2) 233 (48.3) 780 (46.4)

‘Not so good’/‘not good’ 91 (12.9) 143 (9.8) 60 (12.4) 174 (10.3)

Pregnancy, n (%) 705 1459 <0.001 482 1682 <0.001

Nothing 44 (6.2) 165 (11.3) 25 (5.2) 184 (10.9)

1 time 61 (8.7) 100 (6.9) 46 (9.5) 115 (6.8)

> =2 times 600 (85.1) 1194 (81.8) 411 (85.3) 1383 (82.2)
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instances/people in Model 1, then 0.38, 1.06, and 1.00
(0.21–0.68, 0.62–1.82 and [reference], p for trend =
0.004) and 0.40, 1.53, and 1.00 (0.23–0.68, 0.96–2.43 and
[reference], p for trend = 0.014), in Model 2, respectively.

Discussion
The present study showed negative and positive asso-
ciations with marital status and family relationships
for BWG ≥2.5 kg/m2 at 20 years old, respectively, for
women, but not men, and these associations remained

for BWG ≥3.5 kg/m2 at 20 years old. Although we
should note the under- and overestimation of recall
bias for BWG from the age of 20 onwards, the rela-
tionships between family factors and BWG were con-
sistent in the two models of BWG. In other words,
with reference to ‘married’ and ‘good’, decreased and
increased risks of significant BWG were found with
the responses ‘bereavement/divorce’ and ‘not so good/
not good’ among the women, respectively. Our find-
ings with respective to the former are supported by a

Table 3 Multivariate logistic regression analyses of family factors for body weight gain in men

Model 1 (⊿BMI> = 2.5 kg/m2) Model 2 (⊿BMI> = 3.5 kg/m2)

ORsa 95% CIsa p for trendb ORsa 95% CIsa p for trendb

Marital status

Unmarried 0.77 (0.52–1.14) 0.79 (0.51–1.22)

Married 1.00 (Ref) 1.00 (Ref)

Bereavement/Divorce 1.10 (0.74–1.65) 0.835 1.27 (0.82–1.98) 0.311

Family structure

Single 1.03 (0.68–1.56) 1.37 (0.88–2.15)

Couple 1.11 (0.86–1.43) 0.99 (0.74–1.32)

Two generations 1.00 (Ref) 1.00 (Ref)

Three generations 1.13 (0.90–1.41) 0.776 1.14 (0.89–1.48) 0.934

Family relationships

Good 1.00 (Ref) 1.00 (Ref)

Somewhat good 0.90 (0.75–1.09) 0.89 (0.72–1.10)

‘Not so good’/‘Not good’ 0.55 (0.19–1.54) 0.752 1.28 (0.45–3.66) 0.793

CIs confidence intervals, ORs odds ratios, Ref reference
aORs and CIs were adjusted for age, BMI and physical activity (as continuous variables for the three variables), smoking status (never, ex- and smokers = 0, 1 and 2),
habitual drinking (never, ex- and drinkers = 0, 1 and 2), feeling stressed (many times, normal and rare = − 1, 0 and 1) and education level (< 12, 12 and≥ 12 = 0, 1 and 2)
bTrend association was assessed by assigning ordinal numbers (− 1, 0 and 1) to unmarried, married and ‘bereavement/divorce’ for marital status, those (0, 1, 2 and
3) to single, couple, two generations and three generations for family structure, and then those (0, 1 and 2) to good, somewhat good and “not so good/not good”
for family relationships, respectively

Table 2 Characteristics of female study participants (n = 2171) (Continued)

Model 1 (⊿BMI> = 2.5 kg/m2)a Model 2 (⊿BMI> = 3.5 kg/m2)a

Casesb, c Contorlsb, c pc Casesb, c Contorlsb, c pd

(n = 706) (n = 1465) (n = 482) (n = 1689)

Childbirth, n (%) 706 1465 <0.001 482 1689 <0.001

Nothing 56 (7.9) 195 (13.3) 34 (7.1) 217 (12.8)

1 time 81 (11.5) 127 (8.7) 62 (12.9) 146 (8.6)

> =2 times 569 (80.6) 1143 (78.0) 386 (80.1) 1326 (78.5)

Miscarriage, n (%) 577 1122 0.557 391 1308 0.859

Nothing 483 (83.7) 950 (84.7) 333 (85.2) 1100 (84.1)

1 time 62 (10.7) 123 (11.0) 41 (10.5) 144 (11.1)

> =2 times 32 (5.5) 49 (4.4) 17 (4.3) 64 (4.9)

BMI body mass index
aIncrement of BMI ≥2.5 and 3.5 kg/m2 from BMI_20yr were meant ≥6.0 and 8.4 kg of body weight gain among Japanese women with their average height, in
Model 1 and 2, respectively
bCases and controls were defined as the study participants with ‘positive’ and ‘negative’ of each cut-off value on body weight gain in Model 1 and 2, respectively
cNumbers of ‘unknown’ were not shown
dt- or chi-square tests
eValues were shown as mean ± standard deviation
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previous study [22]. For the latter, although not pre-
ferred, this study is the first report to show that BWG
in adulthood (i.e., at least a ≥ 6.0 kg increase in weight
among women with average height) was reduced
because of poor relationships with their family mem-
bers. Further, excepting miscarriages, pregnancies, and
childbirth were also negatively related to BWG_20yr
in the women.
With variables on family factors, marital status has

been well-investigated with regards to the risks of be-
coming overweight and obese and BWG, especially after
marriage or from the baseline survey. In contrast to pre-
vious studies, higher BWG in single women than in
married women has been reported, and ‘marriage’ was
also proposed to play in a role in suppressing BWG if

women were the same age [23]. Among a large number
of American women, no effect on marital BWG was ob-
served in a 10-year follow-up [24]. In mothers (i.e.,
women who were raising their child/children), risks for
being overweight and obese have been inconsistent [6].
Therefore, it is very important to investigate whether a
women’s (wife’s and/or mother’s) weight increased due
to marriage. When in their lifetime did they gain weight?
Did body weight increase after marriage, but not during
adolescence or young adulthood? Was BWG really
caused by marriage [25]? How about family impacts? Es-
pecially for women, in the time that has elapsed since
they were married, the following factors have also yet to
be examined: pregnancy, childbirth, breast-feeding, child
rearing, and menopause. BWG with some factors such

Table 4 Multivariate logistic regression analyses of family factors for body weight gain in women

Model 1 (⊿BMI> = 2.5 kg/m2) Model 2 (⊿BMI> = 3.5 kg/m2)

ORsa 95% CIsa p for trendb ORsa 95% CIsa p for trendb

Marital status

Unmarried 0.31 (0.17–0.58) 0.29 (0.13–0.65)

Married 1.00 (Ref) 1.00 (Ref)

Bereavement/Divorce 0.77 (0.52–1.29) < 0.001 0.89 (0.58–1.39) 0.006

Family structure

Single 0.81 (0.46–1.42) 0.87 (0.45–1.69)

Couple 1.37 (0.75–2.51) 1.18 (0.80–1.74)

Two generations 1.00 (Ref) 1.00 (Ref)

Three generations 1.06 (0.59–1.91) 0.445 0.82 (0.59–1.15) 0.224

Family relationships

Good 1.00 (Ref) 1.00 (Ref)

Somewhat good 1.11 (0.85–1.46) 0.98 (0.72–1.33)

‘Not so good’/‘Not good’ 1.86 (1.25–2.79) 0.009 1.62 (1.02–2.56) 0.120

Pregnancy

Nothing 0.46 (0.29–0.74) 0.38 (0.21–0.68)

1 time 0.99 (0.61–1.60) 1.06 (0.62–1.82)

> = 2 times 1.00 (Ref) 0.003 1.00 (Ref) 0.004

Childbirth

Nothing 0.45 (0.29–0.70) 0.40 (0.23–0.68)

1 time 1.28 (0.84–1.95) 1.53 (0.96–2.43)

> = 2 times 1.00 (Ref) 0.004 1.00 (Ref) 0.014

Miscarriage

Nothing 1.00 (Ref) 1.00 (Ref)

1 time 1.05 (0.68–1.61) 1.03 (0.64–1.68)

> =2 times 1.30 (0.71–2.40) 0.429 0.70 (0.33–1.47) 0.490

CIs confidence intervals, ORs odds ratios, Ref reference
aORs and CIs were adjusted for age, BMI and physical activity (as continuous variables for the three variables), smoking status (never, ex- and smokers = 0, 1 and 2),
habitual drinking (never, ex- and drinkers = 0, 1 and 2), feeling stressed (many times, normal and rare = − 1, 0 and 1) and education level (< 12, 12 and≥ 12 = 0, 1 and 2)
bTrend association was assessed by assigning ordinal numbers (− 1, 0 and 1) to unmarried, married and ‘bereavement/divorce’ for marital status, those (0, 1, 2 and
3) to single, couple, two generations and three generations for family structure, those (0, 1 and 2) to the following four variables: good, somewhat good and
‘not so good/not good’ for family relationships, and for 0, 1 or 2 times of pregnancies, childbirth and miscarriages, respectively
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as pregnancy and childbirth might be strongly related to
and thus explained by marital status. Changes in the
hormonal milieu caused by menopause would be associ-
ated with both increments in total body fat and abdom-
inal fat [26].
In the present study, more than 80% of male and fe-

male participants were married, and divorce rates were
lower in each gender. As with rates among Americans
and Europeans, the divorce rates in Japanese were higher
with young-middle aged couples, and lower with elderly-
older ones, even if their wives (i.e., divorced women)
could live on their own pensions after their husbands re-
tired [27]. According to the National Nutritional Survey
in Japan, BMI is higher among elderly-older women,
whereas a higher proportion of young-middle aged
women tend to advocate for being lean as public health
issue [3]. Although the risk was adjusted for age as one
of the confounding factors, appropriately, the effects of
age might be not excluded for the risks of adulthood
BWG in our statistical models. In many previous studies,
however, ‘bereavement/divorce’ played in a role in sup-
pressing BWG only among widowed/divorced women,
but not their spouses [11, 12, 28]. In a follow-up study
one year after marriage, widowed and divorced women
had significant weight loss [11]. In a prospective cohort
study, higher weight loss was observed between baseline
and follow-up periods only in widows [28]. Many pos-
sible reasons were suggested: 1) their body weight was
thought to be one of their essential female charm factors
[29]; 2) women desire to maintain their body weight
before and even after marriage [30]; 3) wives might be
motivated to control their weight to maintain good rela-
tionships with their husbands [31]; 4) among married
women, they might maintain their body shapes to have
access to their cultural and social communities estab-
lished before marriage [32].
In this study, we observed increased risks of adulthood

BWG associated with poor family relationships only in
women. Regarding family relationships between hus-
bands and wives, responses for high level of distress have
been observed at both extremes, i.e., weight loss in some
individuals and weight gain in others [22]. Until today,
enough evidence has not been accumulated. Women
would be thought to have much familial frustration or
distress with their family members at home. With refer-
ence to husbands/fathers, wives/mothers care for their
husbands, children/their parents, and deal with their
families for longer periods of time. Possibly, this may be
supported by a previous study which reported on lifestyles
in associations between obesity and eating behaviors, such
as alcohol intake, long hours of television viewing, and
lack of sleep [33]. The following lifestyles could be applied
to men (as both husbands and fathers) with alcohol con-
sumption (due to releasing their frustrations or distress),

children and their parents with long hours of TV viewing,
and women (as both wives and mothers) with insufficient
sleep, respectively. Contrary to our expectations, in the
present study, we failed to find associations between adult-
hood BWG and family structure. Also, no association was
found with adulthood BWG in men, the reasons for which
we cannot explain.
From the mental health viewpoint with women and

families, ‘not so good/not good’ familial relationships are
not proposed to reduce adulthood BWG. It would be
complicated to distinct family relationships into marital
status, such as psychological distress from family and
stress from marital dissolution [34], in that order. Along
with marital status, moreover, family relationships might
be complicatedly associated with family structure. If so,
risks of BWG with family relationships would be multi-
plicatively assessed. As one of the critical issues, answers
to family relationships were subjectively, not quantita-
tively assessed, but it was quite difficult to appropriately
evaluate them. With other critical issues, little has been
known about associations between family relationships
and BWG, and there might be gender and generational
differences. Although the concept of family may be quite
different between Asian and Western/American people,
our findings would be available to help in the fight
against excessive weight gain and obesity as world-wide
public health concerns.
The present study has several limitations. First, the base-

line data from the Shizuoka-Sakuragaoka J-MICC Study
were used. Body weight at 20 years old was not measured,
and was based on a non-validated self-administered ques-
tionnaire. The issue with the validity of self-reported
BMI_20yr has been discussed in most previous epidemio-
logical studies. Considering their health consciousness, we
asked the participants to state their present height and
weight, and subsequently checked the partial Pearson’s
correlation coefficient between the two current BMI
values. In our five-year follow-up research, we are now
asking the participants the same questions again as a
reproducibility test. Second, there could be a large system-
atic error in the differences between BMI_20yr and
present BMI because of recall bias. However, as a critical
public health issue, it is especially important to identify
long-term risk factors for BWG over a long term, such as
BMI_20yr. We have observed that excessive interpretation
should be avoided for such findings. Third, most of the
missing data might have been derived from obese partici-
pants, possibly obese women, which could contribute to
selection bias. In the present study, all the participants
were ≥ 35 years old, and most of them did not have their
old health check-up data from at least 15 years prior.
Fourth, the proportions of single and bereaved/divorce
participants with respect to marital status were relatively
small. Our sample size was nearly 6400, and family
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relationships would be available to estimate the risk of
BWG. As with others, our study participants were re-
cruited from only one prefecture in Japan, Shizuoka. Con-
sidering that this is a population-based study, the study
participants were recruited by health check-up examiners,
as the representative residents who live in 14 cities and
three towns in Shizuoka Prefecture. The following vari-
ables were not adjusted for risks; householder status and
individual income (data were not collected for both), years
and the region from which the study participants were re-
cruited (because the study was collected for a short period
and in a limited area), and dietary intakes of foods and nu-
trients. Thus, further studies are needed to assess and
identify the differences between the levels of family factors
and their effects on the risks of BWG ≥ 2.5 and 3.5 kg/m2.

Conclusions
In conclusion, we demonstrated decreased and increased
risks of BWG ≥ 2.5 kg/m2 at 20 years old by marital sta-
tus and family relationships (i.e., ‘bereavement/divorce’
and ‘not so good/not good’ vs. ‘married’ and ‘good’ as
references) in the female participants, respectively, and
that no association was observed in the male partici-
pants. These findings applied to BWG ≥3.5 kg/m2 at 20
years old and are supported by the results of previous
studies among European/American people, especially
with respect to marital status. It could be argued that
BWG is suppressed by poor family relationships, and
therefore further studies should investigate cause-effect
relationships between BWG and family factors.

Abbreviations
BMI: Body Mass Index; BMI_20yr: BMI from 20 years old; BWG: Body Weight
Gain; CI: Confidence Interval; J-MICC Study: Japan Multi-Institutional Collab-
orative Cohort Study; OR: Odds Ratio

Acknowledgments
We kindly appreciate the many medical doctors, nurses, radiologists, clinical
technologists, other co-medicals and staff in computerized processing, recep-
tion, etc. at the five health check-up centers and the following three collab-
orating facilities: Sakuragaoka Hospital (Japan Community Health Care
Organization), Shizuoka City Shimizu Medical Association, and JA Shizuoka
Kouseiren (Shizuoka Welfare Hospitals, Shimizu Welfare Hospitals, and Enshu
Hospital). We are grateful for Dr. Endoh, our research nurses (Ms. Inaba, Ikeda,
Masui, etc.) and clinical technologists (Ms. Kariya, Sugiyama, etc.).

Funding
This study was supported in part by Grants-in-Aid for Scientific Research from
the Japanese Ministry of Education, Culture, Sports, Science and Technology,
consisting of Priority Areas of Cancer (No. 17015018), Innovative Areas
(221S0001), and JSPS KAKENHI Grant (16H06277).

Availability of data and materials
The datasets generated and/or analysed during the current study are not
publicly available, but are available from the corresponding author upon
reasonable request.

Authors’ contributions
KK collected all data from study participants and five health check-up centers
(which are located in Shizuoka), and established the database of for the
Shizuoka-Sakuragaoka J-MICC Study. WS analyzed the date for this study

purpose. KK, WS and W reviewed and commented on our manuscript. All au-
thors read and approved the final manuscript.

Ethics approval and consent to participate
After thoroughly explaining the study’s purpose and outline in an explanatory
document, mailed beforehand, written informed consent was individually
obtained from all participants by trained research nurses. Along with Nagoya
University Graduate School of Medicine and Aichi Cancer Center Research
Institute, our study was approved by the Ethics Committee of University of
Shizuoka (No.22–39) and the collaborating health check-up centers.

Consent for publication
Not Applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1School of Nursing, University of Shizuoka, 2-2-1 Oshika, Suruga-ku, Shizuoka
422-8021, Japan. 2Laboratory of Public Health, Graduate School of Integrated
Pharmaceutical and Nutritional Sciences, University of Shizuoka, 52-1 Yada,
Suruga-ku, Shizuoka 422-8526, Japan.

Received: 9 October 2018 Accepted: 16 January 2019

References
1. Cui R, Iso H, Tanabe N, Watanabe Y, Tamakoshi A, JACC Study Group.

Association between weight change since 20 years of age with
mortality from myocardial infarction and chronic heart failure in the
Japan collaborative cohort (JACC) study. Circulation J. 2014;78:649–55.

2. Chen Q, Wang J, Yang J, Jin Z, Shi W, Qin Y, Yu F, He J. Association
between adult weight gain and colorectal cancer: a dose-response meta-
analysis of observational studies. Int J Cancer. 2015;136:2880–9.

3. Division of Health Promotion and Nutrition, Ministry of Health, Labour and
Welfare. Annual report of the National Nutrition Survey in 2005. Daiichi
publishing co., Tokyo, 2007. (in Japanese).

4. Dalen J, Brody JL, Staples JK, Sedillo D. A conceptual framework for the
expansion of behavioral interventions for youth obesity: a family-based
mindful eating approach. Child Obes. 2015;11:577–84.

5. Gray LA, Hernandez Alava M, Kelly MP, Campbell MJ. Family lifestyle
dynamics and childhood obesity: evidence from the millennium cohort
study. BMC Public Health. 2018;18:500.

6. Huayanay-Espinoza CA, Quispe R, Poterico JA, Carrillo-Larco RM, Bazo-
Alvarez JC, Miranda JJ. Parity and overweight/obesity in Peruvian women.
Prev Chronic Dis. 2017;14:E102.

7. Conway BN, Han X, Munro HM, Gross AL, Shu XO, Hargreaves MK, Zheng W,
Powers AC, Blot WJ. The obesity epidemic and rising diabetes incidence in
a low-income racially diverse southern US cohort. PLoS One. 2018;13:
e0190993.

8. Boone-Heinonen J, Howard AG, Meyer K, Lewis CE, Kiefe CI, Laroche HH,
Gunderson EP, Gordon-Larsen P. Marriage and parenthood in relation to
obesogenic neighborhood trajectories: the CARDIA study. Health Place.
2015;34:229–40.

9. Christakis NA, Fowler JH. The spread of obesity in a large social network
over 32 years. N Engl J Med. 2007;357:370–9.

10. Umberson D, Liu H, Mirowsky J, Reczek C. Parenthood and trajectories
of change in body weight over the life course. Soc Sci Med. 2011;73:
1323–31.

11. Meltzer AA, Everhart JE. Self-reported substantial 1-year weight change
among men and women in the United States. Obes Res. 1995;3:123S–34S.

12. Rissanen AM, Heliovaara M, Knekt P, Reunanen A, Aromaa A.
Determinants of weight gain and overweight in adult Finns. Eur J Clin
Nutr. 1991;45:419–30.

13. Halliday JA, Palma CL, Mellor D, Green J, Renzaho AM. The relationship
between family functioning and child and adolescent overweight and
obesity: a systematic review. Int J Obes. 2014;38:480–93.

Suzuki et al. BMC Women's Health           (2019) 19:33 Page 9 of 10



14. OECD - Social Policy Division - Directorate of Employment, Labour and
Social Affairs. OECD Family Database. https://www.oecd.org/els/family/SF_3_
1_Marriage_and_divorce_rates.pdf (as of 25 July 2018).

15. Zeller MH, Reiter-Purtill J, Modi AC, Gutzwiller J, Vannatta K, Davies WH.
Controlled study of critical parent and family factors in the obesigenic
environment. Obesity. 2007;15:126–36.

16. Hamajim N, J-MICC study group. The Japan multi-institutional collaborative
cohort study (J-MICC study) to detect gene-environment interactions for
cancer. Asian Pac J Cancer Prev. 2007;8:317–23.

17. Casey VA, Dwyer JT, Berkey CS, Coleman KA, Gardner J, Valadian I. Long-
term memory of body weight and past weight satisfaction: a longitudinal
follow-up study. Am J Clin Nutr. 1991;53:1493–8.

18. Stevens J, Keil JE, Waid LR, Gazes PC. Accuracy of current, 4-year, and 28-
year self-reported body weight in an elderly population. Am J Epidemiol.
1990;132:1156–63.

19. Tamakoshi K, Yatsuya H, Kondo T, Hirano T, Hori Y, Yoshida T, Toyoshima H.
The accuracy of long-term recall of past body weight in Japanese adult
men. Int J Obes. 2003;27:247–52.

20. WHO Expert Consultation. Appropriate body-mass index for Asian
populations and its implications for policy and intervention strategies.
Lancet. 2004;363(9403):157–63.

21. Suzuki A, Akamatsu R. Long-term weight gain is related to risk of metabolic
syndrome even in the non-obese. Diabetes Metab Syndr. 2014;8:177–83.

22. Sobal J, Hanson KL, Frongillo EA. Gender, ethnicity, marital status, and body
weight in the United States. Obesity (Silver Spring). 2009;17:2223–31.

23. Dinour L, Leung MM, Tripicchio G, Khan S, Yeh MC. The association
between marital transitions, body mass index, and weight: a review of the
literature. J Obes. 2012;2012:294974.

24. Rumpel C, Ingram DD, Harris TB, Madans J. The association between weight
change and psychological well-being in women. Int J Obes Relat Metab
Disord. 1994;18:179–83.

25. Lao XQ, Thomas GN, Jiang CQ, Zhang WS, Yin P, Schooling M, Heys M,
Leung GM, Adab P, Cheng KK, Lam TH. Parity and the metabolic syndrome
in older Chinese women: the Guangzhou biobank cohort study. Clin
Endocrinol. 2006;65:460–9.

26. Davis SR, Castelo-Branco C, Chedraui P, Lumsden MA, Nappi RE, Shah D, Villaseca
P. Understanding weight gain at menopause. Climacteric. 2012;15:419–29.

27. Sasaki I, Kondo K, Kondo N, Aida J, Ichikawa H, Kusumi T, Sueishi N, Imanaka
Y. Are pension types associated with happiness in Japanese older people?
JAGES cross-sectional study. PLoS One 2018;21:13(5):e0197423.

28. Klos LA, Sobal J. Marital status and body weight, weight perception, and
weight management among U.S. adults. Eat Behav. 2013;14:500–7.

29. Neighbors L, Sobal J, Liff C, Amiraian D. Weighing weight: trends in body weight
evaluation among young adults, 1990 and 2005. Sex Roles. 2008;59:68–80.

30. Bove CF, Sobal J, Rauschenbach BS. Food choices among newly married
couples: convergence, conflict, individualism, and projects. Appetite. 2003;
40:25–41.

31. The NS, Gordon-Larsen P. Entry into romantic partnership is associated with
obesity. Obesity (Silver Spring). 2009;17:1441–7.

32. Bove CF, Sobal J. Body weight relationships in early marriage. Weight
relevance, weight comparisons, and weight talk. Appetite. 2011;57:729–42.

33. Pachucki MC, Lovenheim MF, Harding M. Within-family obesity associations:
evaluation of parent, child, and sibling relationships. Am J Prev Med. 2014;
47:382–91.

34. Sobal J, Rauschenbach B, Frongillo EA. Marital status changes and body
weight changes: a US longitudinal analysis. Soc Sci Med. 2003;56:1543–55.

Suzuki et al. BMC Women's Health           (2019) 19:33 Page 10 of 10

https://www.oecd.org/els/family/SF_3_1_Marriage_and_divorce_rates.pdf
https://www.oecd.org/els/family/SF_3_1_Marriage_and_divorce_rates.pdf

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study participants
	Data collection on lifestyle information and family factors
	Definition and cases of BWG
	Statistical analyses

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

