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ABSTRACT

Body weight gain from age 20 (BWG_20yr) is a significant risk factor for lifestyle-related diseases;
however, its association with self-perceived physique at age 20 (Physique_20yr) remains unexplored. This
study aimed to examine the relationship between self-perceived Physique_20yr and BWG_20yr. This study
included 3,068 males and 2,312 females aged 35-79 years. Participants self-reported their body weight at
age 20 and categorized their physique as either “muscular” or “obese,” followed by selection of one of five
levels (Physique_20yr). BWG_20yr was defined as the difference in body mass index between approximately
age 20 and baseline. A directed acyclic graph was used to visualize relationships with adjusted factors, and
multivariable logistic regression analysis was conducted to assess odds ratio trends and interactions between
groups. Differences in trends from “strongly disagree” to “strongly agree” between the muscular and obese
groups were observed (p for interaction <0.05 for both sexes). For BWG_20yr >2.5 kg/m’, trends were
positive in the muscular group and negative in the obese group in males. In females, no significant trend
was observed in the muscular group, whereas a negative trend was observed in the obese group. Similar
trends and interactions were noted for BWG_20yr 23.5 kg/m? (p for interaction <0.05 in males; 0.074
in females). To address potential recall bias, analyses were repeated using two cutoff values exceeding
the expected range of recall error, yielding consistent results. These findings suggest that self-perceived
Physique_20yr may be associated with BWG_20yr.
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Physique at age 20 and weight gain

INTRODUCTION

Numerous epidemiological studies have reported body weight gain (BWG) from early adult-
hood (ie, ages 20-29 years) as a significant risk factor for diseases such as cancer, hypertension,
cardiovascular disease, and type 2 diabetes.!” Even a BWG of as little as 5 kg is associated
with an increased incidence of these major chronic diseases, highlighting the need for effective
strategies to prevent BWG.> When assessing changes in body weight, adjustment for height
is necessary because such changes may be under- or overestimated because of differences in
stature.* Accordingly, body mass index (BMI) is widely used as an indicator of weight gain
in epidemiological studies.”® According to National Nutrition Survey in Japan, average BMI of
Japanese population increases from early adulthood to middle and older age, a pattern that has
remained consistent over the past decade.” Although the prevalence of obesity has remained
stable, increasing number of individuals experiencing BWG among those aged 40-49 years has
emerged as a public health concern.’

Although compulsory physical education provides opportunities for physical activity during
junior and senior high school, these opportunities are often lost after graduation.® Early adulthood
represents a critical transitional period characterized by environmental changes associated with
entry into higher education or employment, and it is the life stage during which the prevalence
of overweight and obesity increases most rapidly toward midlife.”!! Therefore, accumulating
evidence to support obesity prevention strategies targeting individuals at approximately age 20 is
warranted. To date, no longitudinal studies have examined the relationship between pre-graduation
physique (eg, muscularity or obesity) and BWG. However, research on athletes who maintained
muscular physiques has shown that even those with controlled body composition before retirement
often experience significant BWG after retirement, leading to obesity.'>!® Additionally, studies
have reported that retired athletes exhibit greater BWG than the general population, regardless
of their pre-retirement muscularity.'>!3

Even when individuals are muscular and non-obese at approximately age 20, BWG during
their 20s and beyond is considered to result from a reduction in lean body mass (ie, quantitative
muscle loss).!” Although such evidence exists in athletic populations, it remains unclear whether
similar patterns occur in the general population. Therefore, this study aimed to examine the
relationship between physique (muscularity or obesity) at approximately age 20 and BWG from
age 20 (BWG_20yr) in a general middle-aged and older population.

METHODS

FParticipants of the study

This study was conducted as part of the Japan Multi-Institutional Collaborative Cohort (J-
MICC) Study, with details described elsewhere.'®! In brief, the J-MICC Study is a large genome
cohort study comprising 14 research sites across Japan. It examines lifestyle and genetic factors
associated with lifestyle-related diseases, including cancer, heart disease, and cardiovascular
disease, in Japanese population. To contribute to development of prevention strategies targeting
working-age population, more than 90,000 participants aged 35-69 years were recruited between
2005 and 2014. The nationwide and regional studies follow common and site-specific protocols
and include over 20 years of follow-up to assess health outcomes.

Regarding the Shizuoka-Sakuragaoka J-MICC Study, 6,395 males and females aged 35-79
years from 14 cities and three towns in Shizuoka Prefecture were registered according to common
and regional protocols. Individuals scheduled for annual health check-ups at five collaborating
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institutions were invited to participate. Those who provided informed consent, after reviewing
mailed study information and receiving explanations from trained research nurses, were included.
The participation rate was 27.6%.'® After explaining the study’s purpose and procedures, written
informed consent was obtained from each participant. The study was conducted in accordance
with Declaration of Helsinki and Ethical Guidelines for Medical and Biological Research Involv-
ing Human Subjects, and was approved by ethics committees of Nagoya University Graduate
School of Medicine (No. 2010-0939-8), Aichi Cancer Center Research Institute (No. H2210001A),
and University of Shizuoka (No. 22-39).

For the present study, 3,068 males and 2,312 females were selected as eligible participants after
excluding individuals who met the following criteria: (1) missing data on lifestyle variables used
as potential confounders (n = 319) and (2) missing data on body weight at age 20 (BW_20yr)
(n = 696).

Data collection of lifestyle and physique

The self-administered questionnaire included common items for all study sites (eg, current
height and weight, BW_20yr, and conventional lifestyle factors) as well as original items,
such as self-perceived physique at age 20 (Physique_20yr). A validated short food frequency
questionnaire (FFQ) was used to assess habitual dietary intake, including total energy intake.?-?
Physical activity and exercise levels were calculated as “metabolic equivalents (METs)-h/day”.>
To minimize missing data, trained research nurses reviewed the questionnaires completed by
participants, followed by additional verification by two to three nurses using blue and red ink
pens. Previous studies have assessed individuals’ perceptions of physique (ie, muscularity, obesity,
and thinness) using pictorial scales and questionnaires.>?® In the present study, participants
were asked: “At age 20, were you muscular or obese?” Participants first selected whether they
perceived themselves as belonging to the muscular or obese group (Physique_group) and then
selected one of five levels (Physique_level). The muscular group included “very little muscle,”
“little muscle,” “normal,” “somewhat muscular,” and “muscular,” whereas the obese group included
“thin,” “slightly underweight,” “normal,” “overweight,” and “obese.” Participants with low muscle

mass but higher body weight were classified as overweight or obese.

Definitions of BWG_20yr

Anthropometric measurements, including height and body weight, were obtained by trained
nurses during health check-ups (baseline), with participants wearing light clothing. BMI at base-
line (BMI_BASE) was calculated accordingly. BMI at age 20 (BMI_20yr) was calculated using
self-reported BW_20yr and measured height at baseline. The validity of self-reported body weight
was assessed by examining the correlation between measured and self-reported BMI_BASE,
yielding Pearson correlation coefficients of » = 0.98 for males and r = 0.99 for females (p <
0.001 for both).* Based on our previous study, BWG_20yr was defined as BMI_BASE minus
BMI_20yr. Participants with BWG_20yr >2.5 kg/m? were defined as cases (Model_1, primary
outcome), and those with BWG_20yr >3.5 kg/m> were classified as cases (Model_2, secondary
outcome). Based on average height in Japanese population, these thresholds correspond to weight
gains® of >7.5 kg (males) and >6.5 kg (females) for Model_1, and >10.0 kg (males) and >8.4
kg (females) for Model_2. The difference between Model_1 and Model_2 (approximately 2.5 kg)
slightly exceeds the reported recall error for self-reported body weight*® at approximately age 20.
To account for potential under- and overestimation of BW_20yr, consistency of risk estimates
was examined across both models separately for males and females.
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Statistical analysis

All analyses were conducted using R version 4.1.2 (R Foundation for Statistical Computing),
with stratification by sex. Continuous and categorical variables were compared using -tests and
chi-square tests, respectively, and are presented as means + standard deviations (SDs) and counts
with percentages. Multivariable regression analysis was performed to calculate multivariable-
adjusted means (ma-means) and 95% confidence intervals (95% CIs) for BMI_BASE, BMI_20yr,
and BWG_20yr. Multivariable logistic regression analysis was used to compute odds ratios (ORs)
and 95% ClIs, with reference to “neither” of the muscular groups. Given the cross-sectional
design, a directed acyclic graph (DAG) was employed to infer causality, considering the temporal
relationship between self-perceived Physique_20yr as a cause and BWG_20yr. DAGs were
constructed using DAGitty V.3.1 (https://www.dagitty.net/) to elucidate potential confounders.*!
Separate DAGs for males and females are shown in Figs. 1 and 2, respectively. Although
energy-adjusted dietary intake of carbohydrates, proteins, and fats was included in the DAGs,
these variables were excluded from regression models because of multicollinearity. The following
variables identified in the DAGs were adjusted as potential confounders: age, daily activity, leisure
activity, total energy intake, sitting duration, years of drinking, and ethanol intake as continuous
variables, and academic background (<12, 12, and >12 years), body pain (“yes” or “no”), and
current work type (“independent business/executive,” “regular employee/public servant,” “part-time/
temporary worker,” and “other”; with “retired person” included for males and ‘“housewife” for
females) as categorical variables. Self-perceived Physique_20yr responses were categorized into
five levels: “strongly disagree,” “disagree,” “neither,” “agree,” and “strongly agree” for muscular
and obese groups. “Neither” in the muscular group was used as the reference (OR = 1.00). A
p-value for trend was calculated from the five levels as ordinary variables (1-5). Interaction was
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Fig. 1 Association between Physique_20yr and BWG_20yr (males)
In this directed acyclic graph, the triangle within a green circle is the exposure; the square within a blue circle
is the outcome; blue circles were ancestors of the outcome; red circles were ancestors of the exposure and
outcome (ie, confounders).
Physique_20yr: physique at age 20
BWG_20yr: body weight gain from age 20
E-adj: energy-adjusted
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Fig. 2 Association between Physique_20yr and BWG_20yr (females)
In this directed acyclic graph, the triangle within a green circle is the exposure; the square within a blue circle
is the outcome; blue circles were ancestors of the outcome; red circles were ancestors of the exposure and
outcome (ie, confounders).
Physique_20yr: physique at age 20
BWG_20yr: body weight gain from age 20
E-adj: energy-adjusted

evaluated by including a product term between Physique_group and Physique_level, with the
corresponding p-value testing for differences in trends between groups. Statistical significance
was defined as a p < 0.05. To account for unmeasured confounders, the E-value was estimated
using the E-value calculator (https://www.evalue-calculator.com/).>* Additionally, the percentage
of correct classifications was used to assess model fitness.

RESULTS

Tables 1 and 2 present the characteristics of male and female participants, categorized into
the two self-perceived Physique_20yr groups (“muscular” and “obese”) in Model _1 (BWG_20yr
22.5 kg/m?). The characteristics for Model_2 (BWG_20yr 23.5 kg/m?) are shown in Tables 3
and 4. Among males, in both models, cases were younger than controls in the muscular group
(» < 0.05 for both). Compared with controls, BMI_20yr was lower in cases in the muscular
and obese groups, whereas BMI_BASE was higher in cases across both groups (p < 0.001 for
all comparisons). Among females, no significant differences in age were observed; however,
differences were noted in the distribution of self-perceived Physique_20yr within the obese group
(» < 0.001 for both models).
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Table 1 Characteristics for male participants (n = 3,068)
Model_1 (BWG_20yr > 2.5 kg/m?)?*

Muscular group Obese group
Cases” Controls® d Cases” Controls® d
(=87 (n= 1314 P vale (n = 359) (n=568) P value
Age (years)* 56.9+9.7 58.9+10.9 <0.001 56.1+10.2 56.5+11.4 0.568
BMI_20yr (kg/m?)° 21.3+1.9 219+1.8 <0.001 20.2+2.7 21.4+32 <0.001
BMI_BASE (kg/m?)° 25.7+2.7 22.1+£2.0 <0.001 24.8+3.2 21.5+29 <0.001
BWG_20yr (kg/m?)° 45+19 0.2+1.7 - 4.6+1.9 0.1+1.8 -
Physique around age 20 years, n (%)°
Strongly disagree 3 (0.4) 5(0.4) 0.364 69 (19.2) 76 (13.4) 0.110
Disagree 40 (4.8) 66 (5.0) 160 (44.4) 252 (44.4)
Neither agree nor disagree 363 (43.9) 634 (48.2) 76 (21.2) 106 (18.7)
Agree 244 (29.5) 356 (27.1) 41 (11.4) 93 (16.4)
Strongly agree 177 (21.4) 253 (19.3) 13 (3.6) 41 (7.2)
Total energy intake (kcal/day)* 1939 +306 1976 +316 0.008 1917 340 1940 +322 0.287
Dairy activity (METs-h/day)" 17.9+13.5 21.4+139 <0.001 17.2+12.7 18.8+13.7 0.080
Leisure activity (METs-h/day)® 27+42 3.6x5.7 <0.001 26+3.8 3.1+42 0.057
Sitting duration (h/day)* 79+3.2 72+3.2 <0.001 82£3.0 7.6+3.2 0.006
Ethanol intake (g/day)® 242 +28.1 26.2+28.5 0.117 20.2+26.2 21.4+27.0 0.503
Years of drinking (years)® 23.8+16.5 264+169  <0.001 23.0+16.6 23.1x17.1 0.910
Sleeping duration (h)® 6.7+1.1 69+1.1 <0.001 6.7+1.1 6.8+1.1 0.118
Brinkman index, n (%)
0 233 (28.2) 425 (32.3) 0.040 109 (30.4) 206 (36.3) 0.275
<400 201 (24.3) 346 (26.3) 96 (26.7) 148 (26.1)
2400 365 (44.1) 508 (38.7) 147 (35.7) 203 (35.7)
Unknown 28 (3.4) 35 (2.7) 7 (1.9) 11 (1.9)
Body pain, n (%)
Yes 482 (58.3) 682 (51.9) 0.004 200 (55.7) 300 (52.8) 0.428
No 345 (41.7) 632 (48.1) 159 (44.3) 268 (47.2)
Current work type, n (%)
Self-employed, president 287 (34.7) 503 (38.3) 0.018 103 (28.7) 178 (31.3) 0.348
Full-time employees, public servants 362 (43.8) 479 (36.5) 181 (50.4) 251 (44.2)
Retired person 102 (12.3) 198 (15.1) 49 (13.6) 90 (15.8)
Part-timer, contract employees 65 (7.9) 116 (8.8) 22 (6.1) 45 (7.9)
Others 11 (1.3) 18 (1.4) 4 (1.1) 4(0.7)
Education level, n (%)
<12 years 63 (7.6) 136 (10.4) 0.028 21 (5.8) 45 (7.9) 0.309
12 years 362 (43.8) 601 (45.7) 143 (39.8) 236 (41.5)
>12 years 402 (48.6) 574 (43.7) 194 (54.0) 287 (50.5)
Unknown 0 (0) 3(0.2) 1 (0.3) 0 (0)

BMI: body mass index

BMI_BASE: BMI at baseline

BMI_20yr: BMI at age 20

BWG_20yr: body weight gain from age 20

METSs: metabolic equivalents

*In Model_1, BWG_20yr >2.5 kg/m? indicates an increase in BMI of >2.5 kg/m? from age 20.

® Participants with BWG_20yr > 2.5 kg/m? were defined as cases, and those with BWG_20yr < 2.5 kg/m? as controls.

€ Values are presented as mean + standard deviation.

4 The t-test or y-square test were used.

¢ Physique around age 20 years was assessed using five levels (from “strongly disagree” to “strongly agree”) for both
muscular and obese groups.
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Table 2 Characteristics for female participants (n = 2,312)

Model_1 (BWG_20yr > 2.5 kg/m?)?*

Muscular group Obese group
Cases” Controls® d Cases” Controls® d
(n = 337) (n =706 P value (n = 406) (n =863 P value
Age (years)* 56.3+9.2 55.5+10.8 0.235 54.8+10.0 54.1+10.7 0.330
BMI_20yr (kg/m?)° 204+1.8 20.8+1.8 <0.001 20.0+2.6 20.9+2.6 <0.001
BMI_BASE (kg/m?)° 25.1+2.8 20.6+2.1 <0.001 25.0+3.9 204+2.4 <0.001
BWG_20yr (kg/m?)° 47+2.1 -0.2+1.8 - 51+24 -0.5+2.0 -
Physique around age 20 years, n (%)°
Strongly disagree 4(1.2) 3 (0.4) 0.185 57 (14.0) 59 (6.8) <0.001
Disagree 28 (8.3) 63 (8.9) 113 (27.8) 169 (19.6)
Neither agree nor disagree 231 (68.5) 466 (66.0) 135 (33.3) 324 (37.5)
Agree 43 (12.8) 122 (17.3) 79 (19.5) 258 (29.9)
Strongly agree 31 (9.2) 52 (7.4) 22 (5.4) 53 (6.1)
Total energy intake (kcal/day)* 1622 +241 1599 +233 0.136 1597 + 246 1597 +212 0.996
Dairy activity (METs-h/day)" 19.2+12.5 184+124 0.305 16.3+10.9 16.7+11.3 0.556
Leisure activity (METs-h/day)® 2.8+4.2 29+4.0 0.624 22+34 2.8+4.1 0.014
Sitting duration (h/day)® 7.1+£29 6.8+29 0.234 74+29 72+2.8 0.366
Ethanol intake (g/day)® 5.7+14.6 49+13.9 0.353 3.9+10.1 4.6=+11.1 0.222
Years of drinking (years)® 11.2+14.1 10.6 144 0.512 85+134 10.3+13.7 0.031
Sleeping duration (h)® 6.4+1.1 6.5+1.0 0.472 6.3+1.1 6.5+0.9 <0.001
Brinkman index, n (%)
0 276 (81.9) 614 (87.0) 0.088 343 (84.5) 758 (87.8) 0.072
>0 58 (17.2) 86 (12.2) 61 (15.0) 95 (11.0)
Unknown 3 (0.9) 6 (0.8) 2 (0.5) 10 (1.2)
Body pain, n (%)
Yes 231 (68.5) 549 (65.0) 0.290 274 (67.5) 515 (59.7) 0.009
No 106 (31.5) 247 (35.0) 132 (32.5) 348 (40.3)
Current work type, n (%)
Self-employed, president 68 (20.2) 123 (17.4) 0.417 69 (17.0) 113 (13.1) 0.070
Full-time employees, public servant 61 (18.1) 153 (21.7) 59 (14.5) 163 (18.9)
Part-timer, contract employees 105 (31.2) 197 (27.9) 141 (34.7) 290 (33.6)
Housewife 96 (28.5) 213 (30.2) 118 (29.1) 271 (31.4)
Others 7 (2.1) 20 (2.8) 19 4.7) 26 (3.0)
Education level, n (%)
<12 years 22 (6.5) 52 (7.4) 0.406 33 (8.1) 52 (6.0) 0.034
12 years 181 (53.7) 360 (51.0) 222 (54.7) 427 (49.5)
> 12 years 133 (39.5) 294 (41.6) 151 (37.2) 384 (44.5)
Unknown 1(0.3) 0 (0) 0 (0) 0 (0)

BMI: body mass index

BMI_BASE: BMI at baseline

BMI_20yr: BMI at age 20

BWG_20yr: body weight gain from age 20

METs: metabolic equivalents

*In Model_I, BWG_20yr >2.5 kg/m? indicates an increase in BMI of >2.5 kg/m? from age 20.

® Participants with BWG_20yr > 2.5 kg/m? were defined as cases, and those with BWG_20yr < 2.5 kg/m? as controls.

€ Values are presented as mean + standard deviation.

4 The t-test or y-square test were used.

¢ Physique around age 20 years was assessed using five levels (from “strongly disagree” to “strongly agree”) for both
muscular and obese groups.
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Table 3 Characteristics for male participants (n = 3,068)
Model_2 (BWG_20yr > 3.5 kg/m?)?*

Muscular group Obese group
Cases” Controls® d Cases” Controls® d
(n=500) (n=le4) P value (n = 236) (n=6o1) P value
Age (years)* 57.0+9.4 58.5+10.8 0.004 56.0+9.7 56.5+11.4 0.554
BMI_20yr (kg/m?)° 21.2+2.0 21.8+1.8 <0.001 20.0+2.8 21.2+3.1 <0.001
BMI_BASE (kg/m?)° 26.5+2.8 22.6+2.2 <0.001 254+34 21.8+3.0 <0.001
BWG_20yr (kg/m?)° 5320 0.8+1.9 - 54+19 0.6+2.0 -
Physique around age 20 years, n (%)°
Strongly disagree 2 (0.4) 6 (0.4) 0.381 46 (19.5) 99 (14.3) 0.084
Disagree 22 (4.4) 84 (5.1) 102 (43.2) 310 (44.9)
Neither agree nor disagree 216 (43.2) 781 (47.6) 52 (22.0) 130 (18.8)
Agree 149 (29.8) 451 (27.5) 27 (11.4) 107 (15.5)
Strongly agree 111 (22.2) 319 (19.4) 9 (3.8) 45 (6.5)
Total energy intake (kcal/day)* 1935 +308 1970+ 314 0.030 1908 +350 1939 +322 0.210
Dairy activity (METs-h/day)" 17.4+13.5 20.8+13.9 <0.001 162125 18.8+13.6 0.011
Leisure activity (METs-h/day)® 27+43 3554 0.001 2.6+3.7 3.0+4.1 0.155
Sitting duration (h/day)* 8.0£3.2 73+3.2 <0.001 8.4+3.0 7.7+32 0.003
Ethanol intake (g/day)® 24.6+28.0 25.7+28.5 0.456 20.1+25.7 21.2+27 0.612
Years of drinking (years)® 23.7+16.6 259+16.8 0.010 22.7+16.8 232+17 0.701
Sleeping duration (h)® 6.7+1.1 6.8+1.1 0.077 6.7+1.1 6.8+1.1 0.210
Brinkman index, n (%)
0 145 (29.0) 513 (31.3) 0.064 66 (28.0) 249 (36.0) 0.137
<400 114 (22.8) 433 (26.4) 70 (29.7) 174 (25.2)
2400 229 (45.8) 644 (39.2) 96 (40.7) 254 (36.8)
Unknown 12 (2.4) 51 (3.1) 4 (1.7) 14 (2.0)
Body pain, n (%)
Yes 290 (58.0) 874 (53.3) 0.070 141 (59.7) 359 (52.0) 0.046
No 210 (42.0) 767 (46.7) 95 (40.3) 332 (48.0)
Current work type, n (%)
Self-employed, president 181 (36.2) 609 (37.1) 0.039 63 (26.7) 218 (31.5) 0.134
Full-time employees, public servants 220 (44.0) 621 (37.8) 123 (52.1) 309 (44.7)
Retired person 53 (10.6) 247 (15.1) 31 (13.1) 108 (15.6)
Part-timer, contract employees 38 (7.6) 143 (8.7) 15 (6.4) 52 (7.5)
Others 8 (1.6) 21 (1.3) 4 (1.7) 4 (0.6)
Education level, n (%)
<12 years 37 (7.4) 162 (9.9) 0.216 13 (5.5) 53 (7.7) 0.651
12 years 222 (44.4) 741 (45.2) 97 (41.1) 282 (40.8)
>12 years 241 (48.2) 735 (44.8) 126 (53.4) 355 (51.4)
Unknown 0 (0) 3 (0.2) 0 (0) 1(0.1)

BMI: body mass index

BMI_BASE: BMI at baseline

BMI_20yr: BMI at age 20

BWG_20yr: body weight gain from age 20

METSs: metabolic equivalents

*In Model_2, BWG_20yr >3.5 kg/m? indicates an increase in BMI of >3.5 kg/m? from age 20.

® Participants with BWG_20yr > 3.5 kg/m? were defined as cases, and those with BWG_20yr < 3.5 kg/m? as controls.

€ Values are presented as mean + standard deviation.

4 The t-test or y-square test were used.

¢ Physique around age 20 years was assessed using five levels (from “strongly disagree” to “strongly agree”) for both
muscular and obese groups.
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Table 4 Characteristics for female participants (n = 2,312)
Model_2 (BWG_20yr > 3.5 kg/m?)*

Muscular group Obese group
Cases® Controls® d Cases® Controls® d
(n = 222) (n=g21) P vale (n = 288) (n=og1) P value
Age (years)* 56.4+9.0 55.6+10.6 0.272 54.7+10.3 54.2+10.6 0.472
BMI_20yr (kg/m?)° 204+1.7 20.8+1.8 0.005 20.1+2.8 20.8+2.6 <0.001
BMI_BASE (kg/m?)°© 259+2.7 21.0+23 <0.001 26.0+4.0 20.7+2.5 <0.001
BWG_20yr (kg/m?)° 5.6+2.0 02+2.0 - 59+25 -0.1£2.2 -
Physique around age 20 years, n (%)°
Strongly disagree 3 (1.4) 4(0.5) 0.325 44 (15.3) 72 (7.3) <0.001
Disagree 17 (7.7) 74 (9.0) 74 (25.7) 208 (21.2)
Neither agree nor disagree 155 (69.8) 542 (66.0) 89 (30.9) 370 (37.7)
Agree 28 (12.6) 137 (16.7) 63 (21.9) 274 (27.9)
Strongly agree 19 (8.6) 64 (7.8) 18 (6.2) 57 (5.8)
Total energy intake (kcal/day)® 1626 +251 1601 £232 0.175 1596 +237 1597 £219 0.917
Dairy activity (METs-h/day)® 19.7+12.3 184+12.4 0.160 159=+11.1 16.8+11.2 0.219
Leisure activity (METs-h/day)® 2.8+4.6 29£39 0.929 22£3.7 2.7+£39 0.086
Sitting duration (h/day)* 7.0£2.8 6.9+3.0 0.786 7.4+3.0 73£2.8 0.505
Ethanol intake (g/day)® 49+134 52+143 0.788 3.9+10.6 4.5+10.9 0412
Years of drinking (years)® 10.4+13.6 10.9+14.5 0.637 8.0+132 10.5+13.7 0.017
Sleeping duration (h)° 6.5x1.1 6.5+1.0 0.920 6.4x1.1 6.5+1.0 0.099
Brinkman index, n (%)
0 179 (80.6) 711 (86.6) 0.075 240 (83.3) 861 (87.8) 0.033
>0 41 (18.5) 103 (12.5) 47 (16.3) 109 (11.1)
Unknown 2 (0.9) 7 (0.9) 1(0.3) 11 (1.1)
Body pain, n (%)
Yes 159 (71.6) 531 (64.7) 0.063 198 (68.8) 591 (60.2) 0.011
No 63 (28.4) 290 (35.3) 90 (31.2) 390 (39.8)
Current work type, n (%)
Self-employed, president 44 (19.8) 147 (17.9) 0.449 52 (18.1) 130 (13.3) 0.052
Full-time employees, public servants 36 (16.2) 178 (21.7) 39 (13.5) 183 (18.7)
Part-timer, contract employees 70 (31.5) 232 (28.3) 104 (36.1) 327 (33.3)
Housewife 67 (30.2) 242 (29.5) 80 (27.8) 309 (31.5)
Others 5(2.3) 22 (2.7) 13 (4.5) 32 (3.3)
Education level, n (%)
<12 years 16 (7.2) 58 (7.1) 0.693 26 (9.0) 59 (6.0) 0.134
12 years 122 (55.0) 419 (51.0) 150 (52.1) 499 (50.9)
>12 years 84 (37.8) 343 (41.8) 112 (38.9) 423 (43.1)
Unknown 0 (0) 1(0.1) 0 (0) 4(0.2)

BMI: body mass index

BMI_BASE: BMI at baseline

BMI_20yr: BMI at age 20

BWG_20yr: body weight gain from age 20

METs: metabolic equivalents

*In Model_2, BWG_20yr 3.5 kg/m? indicates an increase in BMI of >3.5 kg/m? from age 20.

® Participants with BWG_20yr > 3.5 kg/m? were defined as cases, and those with BWG_20yr < 3.5 kg/m? as controls.

€ Values are presented as mean + standard deviation.

4 The t-test or y-square test were used.

¢ Physique around age 20 years was assessed using five levels (from “strongly disagree” to “strongly agree”) for both
muscular and obese groups.
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Table 5 presents ma-means (95% ClIs) for BMI_20yr, BMI_BASE, and BWG_20yr in males
and females. Similar trends were observed in both sexes. The ma-mean BMI_20yr among
participants who responded “strongly agree” in the muscular group was lower than that among
those in the obese group. In both groups, BMI_20yr and BMI_BASE exhibited positive trends
from “strongly disagree” to “strongly agree” (p < 0.001 for all) with significant interactions
(p for interaction < 0.001). Conversely, BWG_20yr demonstrated a negative trend across these
categories within the obese group (p < 0.001 for trend and interaction).

Table 5 The ma-means (95% Cls) of BMI_20yr, BMI_BASE and BWG_20yr

p for
SFrongly Disagree Neither Agree Strongly P fo:b interac-
disagree agree trend™ tion®
18.7 20.0 212 217 222
macmeans of  YIUSCUlar 60 50.6) (192-20.7) (20.6-21.8) (21.1-22.3) (21.6-22.8) <0-001 <0.001
BMI_20yr* 18.4 19.3 21.0 247 27.3
Obese  (177-19.1) (18.7-20.0) (203-21.7) (24.0-25.4) (26.4-282) <0-001
, 213 222 23.4 24.1 24.6
Mal macmeans of  YIUSCULAr s D 0y (21.0-23.3) (225-24.4) (231-25.0) (23.6-255) <0-001 <0.001
#eS BMI_BASE* Obese 212 21.8 235 25.8 27.9 0,001
; (20.1-22.3) (20.8-22.7) (22.4-24.6) (24.7-27.0) (26.5-29.3) -
2.57 2.19 227 2.38 2.38
mameans of  NUSCUAT 0 5575.36) (1.07-3.31) (1.38-3.16) (1.48-3.29) (146-331) 03 <0001
BWG_20yr* 2.85 2.44 2.48 1.12 0.57
Obese (179-3.92) (1.50-337) (1.45-3.50) (0.05-2.20) (~0.76-1.91) <0001
183 19.9 20.5 217 21.9
mameans of  MUSCUlAr 16 5750.0) (19.3-20.5) (20.0-21.0) (21.1-22.3) (212-22.6) <0001 <0.001
BMI_20yr* 17.8 18.4 20.5 23.1 25.1
Obese  (172-18.4) (17.9-19.0) (20.0-21.0) (22.6-23.6) (24.4-25.8) <0001
217 21.8 225 23.1 23.7
Formales | Ma-means of Muscular 18555 3) (205-23.1) (21.6-23.5) (21.9-243) (223-25.1) <0001 <0.001
BMLBASE' 214 21.0 223 23.8 25.8 0001
€€ (20.1-22.6) (20.0-22.1) (21.3-23.4) (22.8-24.9) (24.4-27.1) :
3.44 1.88 2.03 1.40 1.80
mameans of  MUSCUAT () 04 6.85) (0.62-3.15) (1.09-2.98) (0.27-2.53) (0.46-3.14) 005 <0.001
BWG_20yr
WG_20yr Obese 3.56 2.60 1.87 0.69 0.65 0,001

(2.39-4.74) (1.60-3.61) (0.91-2.83) (=0.31-1.69)(-0.67-1.97)

BMI: body mass index

BMI_BASE: BMI at baseline

BMI_20yr: BMI at age 20

BWG_20yr: body weight gain from age 20

ma-mean: multivariable adjusted means

CIs: confidence intervals

* Adjusted for confounding factors: age, daily activity, leisure activity, total energy intake, years of drinking and ethanol
intake (continuous variables), education level (<12, 12 and >12 years), body pain (yes or no) and current work type
(“independent business/executive,” “regular employee/public servants,” “retired person”, “part timer/temporary worker,”
“others” and “housewife” for females only) (categorical variables).

" The relevance of the trends was assessed by assigning ordinal values (1, 2, 3, 4, and 5) to physique levels (“strongly

» o«

disagree”, “disagree”, “neither”, “agree”, and “strongly agree”).

Table 6 presents the ORs (95% Cls) for BWG_20yr >2.5 kg/m?> (Model_1) in males and
females. The results for BWG_20yr 23.5 kg/m? (Model_2) are presented in Table 7. In males,
using the “neither” category in the muscular group as the reference (OR = 1.00), ORs in Model_1
ranged from 0.99 (0.204.11) for “strongly disagree” to 1.22 (0.96-1.55; p for trend = 0.061)
for “strongly agree” in the muscular group, and from 1.47 (1.02-2.10) for “strongly disagree”
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to 0.49 (0.25-0.90; p for trend < 0.005) for “strongly agree” in the obese group. A significant
interaction between Physique_group and Physique_level was observed (p for interaction < 0.001),
indicating differing trends between groups. In Model_2, ORs ranged from 1.21 (0.17-5.40) to
1.25 (0.95-1.63; p for trend < 0.05) in the muscular group and from 1.58 (1.07-2.32) to 0.67
(0.30-1.35; p for trend < 0.05) in the obese group, with a significant interaction (p for interaction
< 0.005). However, E-values were low, and the percentages of correct classification were 62.2%
and 76.0%. In females, Model_1 showed no significant ORs in the muscular group, whereas in
the obese group, ORs ranged from 2.00 (1.34-3.03) for “strongly disagree” to 0.83 (0.48-1.39; p
for trend < 0.001) for “strongly agree.” A significant interaction was observed (p for interaction
< 0.01). In Model_2, no significant ORs were observed in the muscular group, whereas ORs
in the obese group ranged from 2.17 (1.41-3.31) to 1.07 (0.59-1.85; p for trend < 0.001). The
interaction was marginal (p for interaction = 0.074). As in males, E-values were low, and the
percentages of correct classification were 68.0% and 78.1%.

Table 6 Multivariable logistic regression analysis for Physique_20yr and BWG_20yr

Strongl Strongl for P for
Model_1I (BWG_20yr > 2.5kg/m?) rongly Disagree Neither Agree rongly P 0:, b interac-
disagree agree trend tion®®
ORs 0.99 0.96 1.00 1.18 1.22
Muscular (95% CIs)*  (0.20-4.11) (0.63-1.46) (reference) (0.95-1.46) (0.96-1.55) 0.061 <0.001
E-value (CIs)? 1.08 (1.00) 1.17 (1.00) 1.39 (1.00) 1.44 (1.00)
Males
ORs 1.47 1.04 1.24 0.69 0.49
Obese (95% Cls)*  (1.02-2.10) (0.81-1.32) (0.89-1.71) (0.46-1.02) (0.25-0.90) 0.001
E-value (CIs)! 1.72 (1.11) 1.16 (1.00) 1.47 (1.00) 1.70 (1.00) 2.21 (1.29)
ORs 2.67 0.88 1.00 0.73 1.25
Muscular (95% Cls)*  (0.57-13.9) (0.54-1.41) (reference) (0.49-1.08) (0.77-2.02) 0.740  0.004
E-value (CIs)? 2.65 (1.00) 1.33 (1.00) 1.62 (1.00) 1.48 (1.00)
Females
ORs 2.00 1.37 0.85 0.63 0.83

Obese  (95% Cls)  (1.34-3.03) (1.02-1.82) (0.66-1.11) (0.46-0.84) (0.48-139) (01
E-value (CIs)® 2.18 (1.58) 1.62 (1.11) 139 (1.00) 1.83 (1.41) 1.43 (1.00)

BWG_20yr: body weight gain from age 20

Physique_20yr: physique at age 20

ORs: odds ratios

CIs: confidence intervals

* Adjusted for confounding factors: age, daily activity, leisure activity, total energy intake, years of drinking and ethanol
intake (continuous variables), education level (<12, 12 and >12 years), body pain (yes or no) and current work type
(“independent business/executive, Vo Vo

»

regular employee/public servants,” “retired person,” “part timer/temporary worker,”
“others” and “housewife” for females only) (categorical variables).

" The relevance of the trends was assessed by assigning ordinal values (1, 2, 3, 4, and 5) to physique levels (“strongly
disagree,” “disagree,” “neither,” “agree” and “strongly agree”).

¢ Interaction was calculated as the product of the two Physique_20yr groups and the five physique levels.

dE-value CI: the lower limit of the CI was indicated.

The correct classification rate was 62.2% in males and 68.0% in females.

»
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Table 7 Multivariable logistic regression analysis for Physique_20yr and BWG_20yr

Strongl Strongl for p for
Model_2 (BWG_20yr 23.5 kg/m?) di 8y Disagree Neither Agree 8y P 1OT " interac-
1sagree agree trend tion®®
ORs 121 0.86 1.00 1.19 1.25
Muscular (95% CIs)*  (0.17-5.40) (0.51-1.39) (reference) (0.93-1.51) (0.95-1.63) 0.046
E-value (CIs)* 143 (1.00) 1.37 (1.00) 1.41 (1.00) 1.48 (1.00)
Males 0.003
ORs 1.58 1.13 1.44 0.85 0.67
Obese  (95% Cls)*  (1.07-2.32) (0.86-1.48) (0.99-2.05) (0.53-1.32) (0.30-1.35) (031
E-value (CIs)* 1,83 (1.22) 1.32 (1.00) 1.69 (1.00) 1.39 (1.00) 1.74 (1.00)
ORs 2.69 0.78 1.00 0.76 1.11
Muscular  (95% Cls)*  (0.52-12.6) (0.43-1.34) (reference) (0.48-1.18) (0.62-1.89) (660
E-value (CIs)! 266 (1.00) 1.52 (1.00) 1.56 (1.00) 1.29 (1.00)
Females 0.074
ORs 2.17 1.26 0.85 0.82 1.07

Obese  (95% Cls)*  (1.41-331) (0.91-1.74) (0.63-1.14) (0.59-1.14) (0.59-1.85)  _( 001
E-value (CIs)! 231 (1.66) 1.49 (1.00) 1.33 (1.00) 1.44 (1.00) 1.22 (1.00)

BWG_20yr: body weight gain from age 20

Physique_20yr: physique at age 20

ORs: odds ratios

ClIs: confidence intervals

* Adjusted for confounding factors: age, daily activity, leisure activity, total energy intake, years of drinking and ethanol
intake (continuous variables), education level (<12, 12 and >12 years), body pain (yes or no) and current work type
(“independent business/executive,” “regular employee/public servants,” “retired person,” “part timer/temporary worker,”
“others” and “housewife” for females only) (categorical variables).

" The relevance of the trends was assessed by assigning ordinal values (1, 2, 3, 4, and 5) to physique levels (“strongly
disagree,” “disagree,” “neither,” “agree” and “strongly agree”).

¢ Interaction was calculated as the product of the two Physique_20yr groups and the five physique levels.

4E-value CI: the lower limit of the CI was indicated.

The correct classification rate was 76.0% in males and 78.1% in females.

»

o

DISCUSSION

In the present study, for both sexes, differences in the ma-means of BMI_20yr were observed
between the muscular and obese groups in the “agree” and “strongly agree” categories of self-
perceived Physique_20yr. Consistent with our hypothesis, trends in ORs for BWG_20yr from
“strongly disagree” to “strongly agree” differed between the muscular and obese groups. In males,
the muscular group showed a positive trend across categories, whereas the obese group showed
a negative trend. In females, no significant trend was observed in the muscular group, whereas
a negative trend was observed in the obese group. To assess the robustness of these findings to
potential recall bias in BWG_20yr, we evaluated consistency across two models defined using
thresholds exceeding the expected magnitude of recall error. To our knowledge, this is the first
study to demonstrate that middle-aged and older males who perceived themselves as muscular at
approximately age 20 may have a higher risk of BWG_20yr than those who perceived themselves
as obese. These findings suggest that self-perceived Physique_20yr may provide useful insights
for preventing future BWG and that questionnaire-based assessments of past physique may be
valuable for population-level risk stratification.

No prior studies have examined the association between Physique_20yr and BWG_20yr in the
general population. However, studies of retired athletes who were muscular in early adulthood
have shown that many develop increased BMI (ie, overweight or obesity) after retirement.'*'®
Furthermore, some studies indicate that retired athletes experience comparable or greater BWG
than the general population.'>'*'® For instance, a study of retired Indian soccer and field hockey
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players reported that sedentary retired players had significantly higher BMI than non-players, and
that body fat percentages in sedentary retired players and non-athletes were within the borderline
obese range (24.7 = 1.47% and 24.5 + 3.76%, respectively).”* This BMI increase was attributed
to lifestyle changes, such as reduced physical activity and a more sedentary lifestyle.'>'® However,
a study of retired Irish jockeys found that most retired jockeys experienced weight gain and an
increased body fat percentage, despite exercising regularly and maintaining higher physical activity
levels than the general male population of the same age.'> Although this study focused on weight
cycling, it remains unclear whether a muscular physique directly contributes to this weight gain.

In males, testosterone levels, which play a key role in maintaining muscle mass, peak at
approximately age 20, with muscle mass typically peaking in the mid-20s.%*3¢ Muscle mass is
strongly linked to basal metabolism, with skeletal muscle accounting for approximately 30% of
resting metabolic rate.”” Even among those who maintain their muscle mass through physical
training, some degree of muscle loss is inevitable as a result of declining testosterone levels.
This reduction in muscle mass may decrease basal metabolic rate, promoting fat accumulation
and contributing to BWG.*® These mechanisms may explain the positive trend observed in the
muscular group from “strongly disagree” to “strongly agree.” In contrast, the negative trend
observed across these categories, as shown in Table 5, may reflect a lower likelihood of further
weight gain among individuals who were already obese at approximately age 20. In females,
extremely thin individuals exhibited the greatest BWG, which may be related to low BMI_20yr
and hormonal changes, including declines in estrogen during menopause. As in males, age-related
changes in body composition, particularly loss of muscle mass, may contribute to BWG. In ad-
dition, female-specific factors, such as reduced estrogen levels and decreased energy expenditure
during the menopausal transition, have been reported.*®* Furthermore, females who are thin at
approximately age 20 may be more susceptible to subsequent BWG,? highlighting the importance
of lifestyle interventions, including diet and physical activity.®

This study has some limitations. First, systematic errors, such as recall bias, should be
considered when interpreting our findings, as BMI_20yr was derived from BW_20yr collected
through a non-validated self-reported question. However, various studies have demonstrated the
validity of self-reported BMI_20yr.*3%4142 One study of participants aged 50 + 2.21 years reported
mean differences between recalled and actual weight at age 18 ranging from —1.98 to +2.13
kg in males and —1.86 to —0.12 kg in females.*® The difference between the two cutoff values
(BWG_20yr >2.5 kg/m? and >3.5 kg/m?) was approximately 2.5 kg, exceeding the magnitude of
recall bias reported in previous studies. To address potential underestimation and overestimation
of BW_20yr, we used two models to evaluate the consistency of the findings.”

Second, self-perceived Physique_20yr was assessed using a self-reported questionnaire and may
be subject to recall bias and misclassification. Participants selected a group (muscular or obese)
and then a level within that group, which may have led to misclassification among individuals
with mixed characteristics (eg, low muscle mass with higher adiposity). However, self-reported
assessments of body shape are commonly used in epidemiological studies.”>>* In the present
study, adjusted mean BMI_20yr values supported a clear distinction between groups in the
“agree” and “strongly agree” categories. In addition, the observed associations were consistent
across analyses, suggesting that the overall findings are robust. Further studies using objective
measures of body composition are warranted.

Third, as this was a cross-sectional study using the baseline database of the Shizuoka-
Sakuragaoka J-MICC study, data on lifestyle changes from age 20 onwards were not available.
Consequently, it is not possible to accurately assess causality in our findings. To address this
limitation, causal inference was carefully considered using DAGs to visualize the association
between self-perceived Physique_20yr and BWG_20yr and to identify appropriate confounding
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factors. Fourth, the E-value measured in this study was low, indicating that the influence of
unmeasured confounders cannot be completely ruled out. Greater caution should be exercised
when interpreting smaller effect estimates. The percentage of correct classifications was used to
evaluate model fitness, yielding values between 62% and 78%, suggesting that the model was
appropriate. However, over-interpretation of these findings should be avoided. Further rigorous
causal inference and prospective cohort studies are necessary to validate the robustness of these
results. Fifth, most missing data may have originated from females with obesity, potentially
contributing to selection bias. Finally, participants were recruited from a single prefecture in
Japan and were not representative of the entire Japanese population. Nevertheless, the sample
comprised residents from 14 cities and 3 towns in the Shizuoka-Sakuragaoka area, providing a
diverse regional representation.

In conclusion, trends in BWG_20yr differed between self-perceived muscular and obese groups.
In males, a positive trend was observed from “strongly disagree” to “strongly agree” in the
muscular group, whereas a negative trend was observed across the same categories in the obese
group, indicating opposite patterns of risk. In females, a negative trend was observed only in
the obese group. These findings suggest that self-perceived Physique_20yr may be an important
factor in preventing weight gain in middle and older age and may inform future population-based
prevention strategies.
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