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Abstract

Objective: To identify lifestyle and sociodemographic risk factors of overweight
among male college students.

Design: A retrospective cohort study.

Setting: Annual health checkup in a single university in Japan.

Participants: Male students who underwent two successive health checkups from
their third school year between 2000 and 2007 and whose BMI at baseline of this
study was 22-0kg/m* or more (1 4634).

Results: During the 1-year follow-up, 598 students (12:9%) reached the study
endpoint, i.e. more than a 5% increase in BMI. Independent risk factors for sub-
stantial BMI increase included infrequent exercise (OR = 1-33; 95 % CI 1-11, 1-60),
no or infrequent alcohol drinking (OR=1-30; 95% CI 1-08, 1-57), frequently
skipping breakfast (OR = 1-34; 95% CI 1-12, 1-61), preference for fatty food (OR
1:36; 95% CI 1-04, 1-78) and living alone (OR = 1-23; 95% CI 0-99, 1-52). Students
were readily stratified according to risk for substantial BMI gain by counting the
number of their risk factors. OR (95% CD for the risk between the no risk factor

group and students with two, three, four and five risk factors were 1-:61 (0-96, Keywords
2:70), 2-24 (1-34, 3-75), 2-42 (1:39, 4-23) and 6-22 (2:58, 15-0), respectively. Overweight
Conclusion: These data suggest that avoidance of certain risk factors in college life Students

is associated with a decrease in incidence of overweight among male students. Risk factors

Obesity has become one of the most important public
health problems in the world”. Difficulties of weight
control for obese people indicate that prevention may be
the best possible approach to struggle against this obesity
epidemic; interventions should be taken before adult
lifestyle patterns solidify such as high fat intake and
sedentariness. An article on schoolchildren revealed that
the attitude towards healthy lifestyle in their school days
had a significant impact on their later life*®. Thus far,
however, lifestyle modification in younger generations
has not been thoroughly discussed.

According to the white paper on college student
health®* issued every 5 years by the National University
Council of Health Administration Facilities, the propor-
tion of male overweight or obese students (BMI
=25-0kg/m?) increased from 9:8% in 2000 to 11-7% in
2005 in Japan. Furthermore, the prevalence of obesity
increased at around age 23 years and thereafter, indicat-
ing that many students would graduate without acquiring
a healthy lifestyle and begin to gain weight when
employed because of the decrease in exercise and the
exposure to many stressors in hardworking Japanese
society. According to the annual report of the Japanese
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Ministry of Education, Culture, Sports, Science and
Technology, as many as 51:5% of the Japanese people
matriculated to a university in 2005>. We, therefore, must
discuss in more detail student lifestyle modification as a
matter of higher education.

Because factors of obesity may vary among and within
societies exposed to different environments® and little
is known about the factors that contribute to the world-
wide obesity epidemic, it is meaningful to evaluate the
factors that determine the obesity process in different
regions and different cultures. BMI in childhood, parents’
weights and ‘Western’ dietary pattern, characterised by
high intakes of meats, fats and oils, seasonings, processed
meats and eggs, have been suggested to have an asso-
ciation with overweight or obesity among Japanese
college students”®. However, all these studies were
conducted in a cross-sectional manner, and the causal
relationship between lifestyle of Japanese college stu-
dents and incidence of overweight has not been exam-
ined by a cohort design.

Thus, the objective of the current study is to identify
lifestyle and sociodemographic risk factors for becoming
overweight among male college students and to construct
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a self-administered tool to stratify students according to
the risk of overweight based on the cohort data collected
at the annual health checkups.

Methods

We carry out a health checkup for the students of Kyoto
University every spring according to the School Health
Law (http://www.houko.com/00/01/533/056.HTM). We
analysed the data from anthropometry and the self-
administered questionnaire about lifestyle, both of which
were routinely collected in the annual health checkups
between 2000 and 2007. The data included sex, age,
major, nationality, height, weight, family history of some
specific pathologies (diabetes mellitus, hypertension and
dyslipidaemia), past medical history, current illness and
residential environment (living alone or with family).
Information on dietary habits such as frequencies of
eating out for dinner and skipping breakfast, dietary
preferences, exercise frequency, as well as sleeping,
smoking and drinking habits were also included. The
lifestyle questionnaire was delivered to individual stu-
dents in advance and collected at the health checkup site.
Weight and height were measured while wearing light
clothes, but with their shoes off, subtracting the presumed
weight of clothes, and determined to the nearest 0-1kg
and 0-1cm, respectively. BMI was calculated as weight
(kg) divided by the square of height (m).

Male students who underwent the health checkups in
both their third and fourth years and whose BMI in the
third year was 22-:0kg/m? or more were included in the
analyses because the increase in BMI should not be a
health problem for the students whose baseline BMI was
less than 22-0 kg/m?. The study endpoint was more than a
5% increase in BMI over the former year: corresponding
weight gain of 3-2kg or more in a student with 170 cm in
height and 64kg in weight (BMI, nearly equal 22-0kg/
m?). Because the present study was merely a retro-
spective analysis of routinely collected data in the legis-
lated health checkup, informed consent from participants

was not required for the study’.

Statistical analysis

OR of potential predictive factors for BMI increase were
estimated using the logistic regression model. The inde-
pendent effect of each variable was assessed by multi-
variable analysis. Here, frequencies of skipping breakfast,
eating out and exercise were dichotomised by twice a
week or more or not. Even though the drinking habit was
also dichotomised by no or infrequent drinking or not for
the construction of the prediction model, it was classified
in more detail to closely assess the relationship between
alcohol consumption and BMI gain: non- or infrequent,
sometimes (several times per week or per month), daily
(five times per week or more, less than 633 ml of beer
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per day), and daily heavy (five times per week or more,
633ml of beer per day or more) drinkers. Height and
weight were not included in the multivariable analysis
because of their close relation with BMI. The number of
significant predictors that the individual students possess
was taken to be a score to estimate the risk of a sub-
stantial increase in BML

To clarify the utility of this prediction score, the actual
proportion of students with an increase in BMI of more
than 5% among those with the same score was calculated.
The OR for the risk with the 95% CI in students with
each risk score compared to those without any risk
factors were also calculated. The area under the receiver-
operating characteristic (ROC) curve for the risk of a
substantial increase in BMI was estimated by the non-
parametric method.

The prediction score was applied to 100 bootstrap
samples of the same size as the original data, and the 95 %
CI of the OR between the no risk factor group and other
risk groups were estimated to validate the discriminant
ability of the model?’.

To assess how or whether in fact the prediction score
related to the incidence of overweight, students with a base-
line BMI of less than 24-0kg/m* were stratified by the indi-
vidual risk score. The incidence rate of overweight, a BMI of
more than 25-0 kg/m? in the fourth year, was then calculated.

Analyses were computed using Stata 10-1 software
(Stata Corporation, College Station, TX, USA, 2009). All
tests of significance were two-tailed, and values of
P<0-05 were considered statistically significant.

Results

Among 14129 male students who underwent the health
checkups in both their third and fourth years between
2000 and 2007 and their lifestyle data were available, 4634
students whose BMI in the third year was 22-:0kg/m? or
more were included in the current analysis. The analysis
sample was on average 215 (s 1:9) years of age and 24-2
(sp 2-3) kg/m? of BMI, and 1080 students (23:3%) had a
BMI of more than 25-0kg/m? in the third year. In the next
year, 598 students (12:9%) reached the endpoint, an
increase in BMI of more than 5 %.

Table 1 summarises the demographic, anthropometric
and lifestyle characteristics of the study subjects and their
association with a 5% increase in BMI by univariable ana-
lysis. Living alone, sedentariness, no or infrequent alcohol
drinking, frequently skipping breakfast and preference for
fatty food were associated with the risk of BMI increase.

In the multivariable analysis, four of five variables sig-
nificant in the univariable analysis were also independent
predictors of weight gain, and another, living alone, had a
marginally significant association with the risk (Table 2).

In Table 3, we show the proportion of students with an
increase in BMI of more than 5% among each risk score
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Table 1 Demographic, anthropometric and lifestyle characteristics of students and their association with a 5 % increase in BMI (univariable

analysis)
BMI gain=5%
Yes (n 598) No (n 4036)
Mean or n SD or % Mean or n SD or % OR 95% ClI P value
Age (years) 21-5 1-3 21-6 1-9 0-97 0-92, 1-03 0-33
Nationality

Japan 584 12-8 3978 87-2 -

Other countries 14 194 58 80-6 1-64 0-91, 2-.97 0-099
Major

Sciences 370 12:5 2598 87-5 -

Arts 228 137 1438 86-3 1-11 0-93, 1-33 0-24
Height (cm) 172-0 6-2 1721 5-8 1-00 0-99, 1-00 0-89
Weight (kgg 721 9-1 71-6 8:5 1-00 0-99, 1-00 0-15
BMI (kg/m?) 24-3 2:4 241 2:3 1-03 0-99, 1-07 0-062
Current illness

Absent 561 13-1 3708 86-9 -

Present 37 10-1 328 89-9 0-75 0-52, 1-06 0-10
Past medical problem

Absent 575 13-1 3820 86-9 -

Present 23 9-6 216 90-4 0-71 0-46, 1-10 0-12
Family history of diabetes mellitus

Absent 566 12-8 3851 87-2 -

Present 32 14-8 185 85-3 1-18 0-80, 1-73 0-41
Family history of dyslipidemia

Absent 586 129 3969 871 -

Present 12 15-2 67 84-8 1-21 0-65, 2:26 0-54
Residence

Living with family 133 11-0 1073 89-0 -

Living alone 465 136 2963 86-4 1-27 1-03, 1-55 0-024
Exercise

Twice a week or more 211 10-8 1735 89-2 -

Once a week or less 382 14-4 2268 85-6 1-38 1-16, 1-66 <0-001
Sleeping hours

Less than 8 h 550 12-7 3786 87-3 -

8h or more 42 154 230 84-6 1-26 0-89, 1-77 0-19
Current smoking

No 509 126 3521 87-4 -

Yes 89 147 515 85-3 1-20 0-94, 1-52 0-15
Alcohol drinking

Every day/often 395 12-1 2868 87-9 -

Never/seldom 203 14-8 1168 85-2 1-26 1-05, 1-51 0-012
Eating out for dinner

Once a week or less 183 12-7 1261 87-3 -

Twice a week or more 415 13:0 2775 87-0 1-03 0-86, 1-24 0-75
Skipping breakfast

Once a week or less 274 11-2 2180 88-8 -

Twice a week or more 324 14-9 1856 85-1 1-39 1-17, 1-65 <0-001
Current dietary restriction for particular illnesses

No 586 12-8 3989 87:2 -

Yes 12 20-3 47 797 1-74 0-92, 3-30 0-090
Dietary preferences

Distaste for meat

No 591 129 4006 871 -

Yes 7 189 30 81-1 1-58 0-69, 3-62 0-28
Distaste for fish

No 584 129 3960 87-2 -

Yes 14 156 76 84-4 1-25 0-70, 2-:22 0-45
Distaste for vegetables

No 578 129 3918 87-1 -

Yes 20 145 118 855 115 0-71, 1-86 0-57
Preference for salty foods

No 534 12-8 3652 87-2 -

Yes 64 14-3 384 85-7 1-14 0-86, 1-51 0-36
Preference for fatty foods

No 524 12:5 3662 87-5 -

Yes 74 16-5 374 83-5 1-38 1-06, 1-80 0-017
Preference for sweets

No 506 12-8 3447 87-2 -

Yes 92 135 589 86-5 1-06 0-84, 1-35 0-61

Values are expressed as mean and sb or number and %. Sample sizes may vary among presented variables because of missing data.
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group and the OR of the risk using those without risk
factors as the reference group. If the students did not have
any risk factors, the incidence rate of a substantial
increase in BMI was 7-8 %, whereas students with all five
risk factors had a 34-4 % incidence. Compared to students
without risk factors, the OR for a substantial increase in
BMI in those with two, three, and five risk factors were
1:6 (95% CI 0-96, 2-70), 2-2 (95% CI 1-34, 3-75) and 6-2
(95% CI 2-58, 15-0), respectively. The area under the ROC
curve of this prediction model was 0-577 (95% CI 0-553,
0-600).

The bootstrap estimates of 95 % CI of the OR for more
than 5% of an increase in BMI between the no risk factor
group and other risk groups were reasonably narrow for
most of the risk groups (Table 3). The subgroup analysis
including students with a BMI of less than 24-0kg/m?
(n 2868) showed a gradual increase in the incidence of
overweight, BMI of more than 25-0kg/m? by increasing
the number of risk factors at baseline; incidence rates
of overweight during the next year were 2/142 (1-4%),
11/626 (1-8%), 37/1003 (37 %), 53/822 (6-5%), 11/230
(4-8%) and 4/20 (20-0 %) among students with zero, one,
two, three, four and five risk factors, respectively.

In the multivariable model including the more closely
classified alcohol variable instead of just the dichotomised
one, the adjusted OR of sometimes (7 3085), daily (72 91),
and daily heavy (7 54) drinkers compared with non- or
infrequent drinkers (2 1371) were 0:76 (95% CI 0-63,
0-92), 0-82 (95% CI 0-44, 1-54) and 1-01 (95% CI 0-49,
2-12), respectively.

Discussion

On the basis of the data obtained in our annual health
checkup for college students, we identified the predictive

Table 2 Predictors of substantial BMI increase by multivariable
analysis

M Goto et al.

indicators for substantial BMI increase and developed a
prediction score for stratifying the students by risk of
weight gain during 1 year. Sedentariness, no/infrequent
alcohol drinking, frequently skipping breakfast, preference
for fatty food and living alone were independently related
to BMI increase. The prediction score successfully classified
students according to their BMI-increase risk.

As the differences between males and females in
exposure and vulnerability to obesogenic environments
and the consequences of child and adolescent obesity
were suggested in a review article"”, and the proportion
of female students among students with a baseline BMI of
more than 22-:0kg/m* was small (636/5270, 12:1%), we
included only male students in the current analysis.
Actually, there was a significant male excess in risk of the
substantial BMI increase (OR = 2-40; 95% CI 170, 3-38)
when analysing the data set including both genders.

No or infrequent alcohol drinking was independently
associated with the risk of substantial BMI increase in the
current analysis. Alcoholic beverages may not substitute
for other foods, but are energy dense and added to the
total daily energy intake"'®. In addition, fat oxidation
might be inhibited by the antilipolytic properties of
metabolites from alcohol degradation’®'>. These fea-
tures could potentially promote fat storage and hence
increase the risk of developing obesity. Nevertheless,
results from the earlier epidemiological studies for the
association between alcohol intake and obesity are
inconsistent as to the role of alcohol consumption in
obesity development'®. If the observed associations
between drinking frequency and obesity actually repre-
sent causal associations, a possible biological mechanism
is a difference in the induction of the microsomal ethanol-
oxidising system (MEOS) by drinking frequency. In daily
alcohol consumers, a larger fraction of the alcohol energy
might be disposed of due to the induction of MEOS"7'®,

Because the current results can be misconstrued by
students as an encouragement to engage in heavy
drinking, they must be carefully presented to the general
public. Heavy drinking would cause considerable health

OR 95% Cl P value
— - problems and the significant excess risk of substantial
Sk‘:\?gg‘lgo?ﬁ%ﬁaﬁ’ twice a 134 112,161 0002 BMI increase among non- or infrequent drinkers was not
Exercise, once a week or less 1.33  1-11,1-60  0-002 found in comparison with daily heavy drinkers in the
No or infrequent alcohol drinking  1-30  1-08, 1-57  0-005 current subanalysis. It is not easy to restrict alcohol con-
E&/‘?;Zi?gﬁ;or fatty food 123 (1)83 ]gg 83%; sumption to low-to-moderate levels. Therefore, university

health-care providers who use these results for health

Table 3 The proportion of students with an increase in BMI of more than 5 % among each risk group and the OR for the risk

Number of Proportion of students with more 95 % ClI estimated by

risk factors  than 5% of the BMI increase (%) OR 95% Cl the bootstrap method
0 17/219 (7-8) - - -

1 93/996 (9-3) 1.22 0-71, 210 0-77, 1-93

2 192/1612 (11-9) 1-61 0-96, 2-:70 1-01, 2-57

3 209/1318 (15-9) 2:24 1-34, 3-75 1-42, 3-54

4 71/419 (17-0) 2:42 1-39, 4-23 1-46, 4-03

5 11/32 (34-4) 6-22 2-58, 150 2-38, 16-3
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promotion should make an appeal to students not to
indulge in alcohol.

This prediction model is so simple that students can
easily grasp their own risk for weight gain during the
following year by counting the number of risk factors
they have, which would be a cue to action towards
establishing a healthy lifestyle. For example, a student
with three risk factors can readily become aware that he is
more than twice more likely to gain substantial weight
(OR = 2-2) than the students without any risk factors. In
addition, implementation of this prediction model in mass
screening would promote social norms encouraging
healthy behaviours. To be specific, we intend to post the
results or give a leaflet to students at a health checkup
site. Perhaps, health-care providers in the university
health service might use this score to concentrate their
effort on the high-risk students.

Because this is a retrospective analysis of routinely
collected data, we could not obtain sufficient information
about already known environmental and genetic risk
factors of obesity in youths. For example, the amount of
time spent in watching television and using electronic
games is directly related to the prevalence of obesity in
children and adolescents""®**. Parents’ BMI was the best
predictor of overweight according to the case—control
study among Brazilian adolescents®®. Furthermore, two
studies suggested that a variant in the FTO gene on
chromosome 16 would affect the risk of obesity in the
general population(%’m. Some specific eating patterns
such as restrained, disinhibited and emotional eating
were also indicated to be strong predictors of future
weight gain®>" The lack of information on these fac-
tors might cause the relatively low accuracy of the current
predictive model (the area under the ROC curve, 0-58).

Some other potential limitations of the current analysis
must be acknowledged. First, most of the candidate
predictors were solely based on the students’ self-report,
and no objective measures were used except for height
and weight. Indeed, the bias attributable to self-report
may have occurred, but self-reporting has been widely
used in behavioural sciences with some validity shown in
comparative studies using physiological markers. It is
also acceptable in terms of feasibility®*. Second, body
composition of the study subjects was not known from
the obtained data. Therefore, we could not identify
the components of weight gain, muscle or fat. Third, the
current prediction model was developed in a single uni-
versity in Japan, and the applicability of the results to
other colleges and races was not verified. Even though
the prevalence of overweight or obesity was lower in the
population of the current analysis (1080/14 129 (7-6%))
than in Japanese male college students as a whole (9-8%
and 11-7% in 2000 and 2005, respectively)(3’4) , lifestyles
of the Kyoto University students did not much differ from
those of other university students”. Thus, the current
prediction model can be reasonably useful for Japanese
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university students. Additionally, because factors which
determine the process of obesity may be closely related to
the exposed environments®, identification of the obeso-
genic factors in different regions in the world is meaningful.

In summary, the present study revealed that infrequent
exercise, no or infrequent alcohol drinking, frequently
skipping breakfast, preference for fatty food and living
alone were independent risk factors for substantial BMI
increase in Japanese male college students. These risk
factors can predict future obesity rather well and are
readily applicable for mass screening. A clear knowledge
of such factors would thus help motivate students to
improve their lifestyle health behaviours.
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