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ABSTRACT

Objectives This study evaluated whether individuals with
affected family member adhered to healthy behaviours.
Design and setting This was a cross-sectional study

of participants selected from health examinees who
underwent the national health check-up programme of
Korea in 39 centres between 2004 and 2013.
Participants The baseline data of 128 520 participants
enrolled in the Health Examinees-Gem study were used for
analysis.

Main outcomes and measures Associations of family
history of diabetes with adherence to regular exercise,
healthy diet and body composition, and clusters of healthy
behaviours were evaluated while adjusting for potential
confounders selected by a directed acyclic graph.
Results Participants with a family history of diabetes
were more likely to adhere to a regular exercise regimen
(OR=1.12, 95% Cl 1.06 to 1.18 for men and OR=1.10,
95% Cl 1.07 to 1.14 for women) and healthy diet
(OR=1.06, 95% Cl 1.01 to 1.12 for men and OR=1.06,
95% Cl 1.01 to 1.12 for women) but were less likely to
have a normal body composition (0R=0.83, 95% Cl 0.78
t0 0.87 for men and OR=0.83, 95% Cl 0.80 to 0.86 for
women). These associations were strengthened when the
affected family members were siblings, the number of
affected members was increased or the age at diagnosis
of the affected member was younger than 50 years. In
men and women, having a normal body composition is
important in determining the cluster of behaviours, and
those with a family history of diabetes were less likely to
adhere to the normal body composition cluster.
Conclusions The group with high risk of diabetes showed
healthy behaviors, but they did not have a normal body
composition. Policies and campaigns targeting integrated
health behaviors will be needed to reduce the burden of
diseases and improve public health.

INTRODUCTION

Diabetes is a major cause of death and
disability worldwide."! The prevalence of and
mortality from diabetes has increased more

Strengths and limitations of this study

» This is the first study to comprehensively evaluate
the association of the relationship type, number and
age at diagnosis of affected family members with
adherence to behavioral factors.

» Alarge sample size, including 128 520 middle-aged
men and women, allowed testing of the association
with sufficient statistical power.

» As the information on the family history of diabetes
and lifestyle behaviors was collected by self-report-
ed questionnaire, the estimates of the associations
could have been biased.

than any other non-communicable disease
during the last decade.” Worsened quality of
life from diabetes, assessed by years lost due
to disability, increased more than the other
top 10 non-communicable diseases between
1990 and 2015.” The prevalence of diabetes
in Korea is 13.7% and is expected to increase,
as approximately one-quarter of the Korean
population is currently in a prediabetic state.*

Inthelastfewdecades,ithasbeenestablished
that diabetes can run in families, and people
with a family history of diabetes are ata higher
risk for developing diabetes.” ® Behavioural
change is the bestknown modifiable risk
factor, and healthy behaviours are known to
be associated with a 40%-80% reduction in
the risk of developing diabetes.”"" Based on
this evidence, the American Diabetes Associ-
ation, the National Institute of Diabetes and
Digestive and Kidney Disease and the Korea
Centers for Disease Control and Prevention
established guidelines that suggest adopting
healthy behaviours, such as regular exercise,
a healthy diet and having a normal body
composition, to prevent diabetes.'* ! Thus,
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it is important to monitor whether high-risk people are
following preventive guidelines.

It has been reported that family history can cause
perception of disease risk, and those who have a family
history were more likely to have greater perceived risk
for diabetes."” ' However, there were disagreements on
whether or not family history has a practical impact on
behaviours by inducing perception of diseases.'” '® In
previous studies, which evaluated the association between
a family history of diabetes and behavioural factors, there
were inconsistent results in physical activity,'**® healthy
diet*® 2 # ® 2 and body composition.'"® However, in
these studies, characteristics of family history such as the
relationship type and number of family members affected
and age at diagnosis of affected family members were not
considered, although these characteristics could affect
the perception of a person’s vulnerability to diseases”’
and should, therefore, be of interest when studying the
effect of family history.

Behaviours typically cooccur or cluster together in the
real world.*® Patterns of multiple behaviours are known
to have a synergistic health effect, that is, greater than
the sum of the effects of each behaviour.” The applica-
tion of an intervention targeting multiple behaviours in
those with unhealthy patterns was more effective than
an intervention that targeted a single factor.™ Thus, it is
important to consider multiple factors when assessing the
effect of health behaviours on public health. However,
patterns of healthy behaviours in association with family
history have not been evaluated.

The main purpose of the present study was to assess
whether the associations between family history of
diabetes and healthy behaviours, such as regular exercise,
a healthy diet and having a normal body composition,'*™*
were affected by the relationship type, number and age

KoGES_HEXA
Total N = 173 357

at diagnosis of affected family members. In addition, we
assessed how family history-related characteristics were
associated with clusters of these healthy behaviours.

METHODS

Study population

This cross-sectional study was conducted among the
baseline participants of the Health Examinees-Gem
(HEXA-G) study derived from the Health Examinees
study, a component of the Korean Genome and Epide-
miology Study (KoGES_HEXA). KoGES_HEXA is a large-
scale genomic cohort study that recruited participants
aged 40-69 between 2004 and 2013. The rationale, design
and baseline characteristics of the KoGES_HEXA cohort
study have been described elsewhere.” ** During recruit-
ment, a consent form was voluntarily signed by all partic-
ipants before entering the study. In the HEXA-G study,
139344 participants composed of 46977 men (33.7%)
and 92367 (66.3%) women were included at baseline
after excluding participants recruited at 21 centres that
had only operated in a pilot study, that had different
processes for quality control and biospecimen collection,
had been participating for <2years or were no longer
participating in the cohort. Additionally, 10824 partici-
pants were excluded due to the following criteria: missing
information regarding family history of diabetes, regular
exercise, food frequency questionnaire and body compo-
sition, such as body mass index (BMI) or waist-hip ratio
(WHR); participants who have an implausible caloric
intake of <800or >4000kcal/day in men and <500or
23500 kcal/day in women; and participants who have only
affected children rather than affected parents or siblings
to rule out the influence of type 1 diabetes, which mostly
develops during childhood (figure 1). Finally, 128520

[Excluded N=3627
IAge<40 or >69 years

\Excluded N= 10 824

Included in the analysis

N=169 730
\Excluded N=12
Those who have withdrawn participation in study
N=169 718
\Excluded N=30 374
Recruited from a pilot study or centres that did not having quality control or centers that participated in cohort < 2 years
HEXA-G
N=139 344

Missing in family history of diabetes (N=1285)

Missing in regular exercise status, duration or frequency (N=5850)

Missing in food frequency questionnaire (N=2511)

Missing in weight, height, waist circumference or hip circumference (N=1391)

Missing in calorie intake <800 or >4000 kcal/day in men and <500 or >3500 kcal/day in women (N =4501)
Those who having only affected children, rather than affected parents or siblings (N=93)

N =128 520 (men: 43 036, 33.5%)

Figure 1
Genome and Epidemiology Study.

Inclusion and exclusion criteria of the study population. HEXA-G, Health Examinees-Gem; KoGES_HEXA, Korean
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participants including 43036 men (33.5%) and 85484
women (66.4%) were included in the analysis. Among
these participants, 18.5% (95% CI 18.3 to 18.7) had a
family history of diabetes.

Family history

A family history of diabetes was assessed by asking whether
participants had a first-degree family member diagnosed
with diabetes. In those with a family history of diabetes,
information on the relationship type of affected family
member, such as parents, siblings or offspring, was also
collected for each affected member. Participants were
then classified into three groups: no family history, any
affected parents and any affected siblings. Participants
with affected parents or siblings were not exclusively clas-
sified. For example, the category of having any affected
parents included those who had affected parents with or
without affected siblings. The total number of affected
family members was tallied from the number of responses
for each relationship type of affected family member, and
participants were then classified into three groups: no
family history, one affected family member and two or
more affected family members. The age at diagnosis of
each affected member was collected. Since type 2 diabetes
diagnosed at a younger age has a more aggressive disease
phenotype leading to a worse prognosis® as well as higher
risk of diabetes in unaffected family members,* a younger
age of the affected family member may induce a greater
impact on family members' perception of the condition.
Fifty years was chosen as the cut-off because a higher risk
of diabetes was reported when there were family members
diagnosed before the age of 50 years.” Participants were
then classified into three groups: no family history, age at
diagnosis of the affected family member younger than 50
and 50 years or older. Among those who have two or more
affected family members, the youngest age at diagnosis of
an affected member was selected.

Adherence to healthy behaviours

Self-reported behavioural factors, such as regular exer-
cise, a healthy diet and measured body composition,
were included in the analysis. Participants were asked if
they performed regular exercise (enough to sweat), the
duration of each exercise session and were asked about
the frequency of exercise per week. The duration of
regular exercise per week was calculated by multiplying
the duration of each session by the frequency per week.
Participants doing >150 min/week were categorised into
the adherence group.” Healthy diet was assessed by the
diet quality index for Koreans (DQI-K) developed based
on the original diet quality index (DQI).” The DQI-K
scores were calculated by scoring and summing the daily
intake patterns of eight components, including protein,
fat, saturated fat, cholesterol, whole grains, fruit, vegeta-
bles and sodium, which were categories from the original
DOQI but replaced carbohydrates with whole grains. The
DOQI-K scores ranged from 0 to 9, and lower DQI-K scores
indicated a higher-quality diet. Since DQJI-K was reported

to have a linear association with mortality® and there is
no standard cut-off, participants with a DQI-K score at the
median or lower (DQI-K scores ranged 0-3) were defined
as the adherence group for statistical stability. BMI and
WHR were used as indicators of obesity-related body
composition. BMI was calculated as measured weight in
kilograms divided by measured height in metres squared,
and WHR was calculated as measured waist circumference
divided by measured hip circumference. The anthropo-
metric indicators were accurate to 0.1kg for weight and
0.1 cm for height, waist circumference and hip circumfer-
ence. Participants whose BMI was <25.0 and WHR <0.90
in mensgli?d 0.85 in women were defined as the adherence
7

group.

Potential covariates

Demographic factors, family history of cardiovascular
diseases (CVD) and cancer, and prior diagnosis of diabetes,
CVD and cancer were selected a priori as potential covari-
ates. Demographic factors included age (40-49, 50-59
and 60-69 years), educational level (<middleschool,
high school graduate and =college), monthly income in
Korean currency (<2.0million won, 2.0-3.9million won
and >4.0million won (1million won is ~US$1000), and
current occupational status (office, manual and unem-
ployed or housewife). Participants were categorised into
having a family history of other diseases, such as CVD and
cancer, if they reported an affected family member with
these diseases. Prior diagnosis of diabetes, CVD or cancer
was defined as participants who have been diagnosed with
these diseases by a doctor at a hospital or clinic.

Statistical analysis

All analyses were performed separately by sex. To iden-
tify the minimum set of confounders, a directed acyclic
graph (DAG) was drawn based on an a priori assumption
between potential covariates, exposure and outcome
variables (online supplementary figure 1). The DAG
was drawn by using DAGitty web-based software (http://
www.dagitty.net).”® Because age was the only confounder
between each covariate and adherence to each healthy
behaviour in the DAG ((A) of online supplementary
figure 1), an age-adjusted logistic regression model was
used to calculate the OR and 95% CI for the associations
between them. In the analysis between family history
and adherence to each healthy behaviour, the variables
including age, education, occupation, income and family
history of CVD and cancer were identified as confounders
by DAG ((B) of online supplementary figure 1). To avoid
multicollinearity, the variables with variance inflation
factors >10 were excluded in the binary logistic regression
model. Finally, all confounders, exceptfor family history of
cancer, were included in the model. In the analysis of the
relationship types of family history and each behaviour,
associations of affected parents and affected siblings with
adherence to each healthy behaviour were separately
conducted because participants were not exclusively clas-
sified. For example, the OR and 95% CI for the affected

Choi J, et al. BMJ Open 2019;9:€025477. doi:10.1136/bmjopen-2018-025477

3


https://dx.doi.org/10.1136/bmjopen-2018-025477
http://www.dagitty.net
http://www.dagitty.net
https://dx.doi.org/10.1136/bmjopen-2018-025477
https://dx.doi.org/10.1136/bmjopen-2018-025477
https://dx.doi.org/10.1136/bmjopen-2018-025477

Men

Moderately active, healthy diet,
and normal body composition
(N=17 199, 40.0%)

Moderately active and healthy diet,
(%) but abnormal body composition (%)
(N=25 837, 60.0%)

100 100

) I ) I
0 . 0 .

Healthy Normal Regular exercise Healthy
diet body composition diet

Regular exercise Normal

‘Women

(%) Unhealthy behaviors (%)
(N=9989, 11.7%)

Healthy diet
(N=18 730, 21.9%)

100 100

50 50

0 0
Regular exercise Healthy Normal Regular exercise Healthy
diet body composition diet

Normal
body composition

body composition

Moderately active and
(%) normal body composition (%)
(N=18 261, 21.3%)

100 100

) l I ) I I I
0 0

Regular exercise  Healthy Normal Regular exercise ~ Healthy
diet body composition diet

Healthy diet and balanced behaviors
(N=38 504, 45.0%)

Normal
body composition

Figure 2 Clusters of healthy behaviours in men (n=43 036) and women (n=85484).

parents were evaluated in comparison to participants with
no family history while those with affected members other
than parents were included in the model, which were not
shown. In the binary logistic regression, we performed
a trend test for the number of affected family members.
Interactions between family history of diabetes and sex
with adherence to behaviours were assessed by computing
p values from likelihood ratio tests by comparing models
with and without the interaction terms. The goodness of
model fit was evaluated by the Hosmer-Lemeshow good-
ness of fit test, and most adjusted models between family
history of diabetes and each healthy behaviour satisfied
the goodness of fit (p>0.05).

Cluster analysis was performed to find the pattern
of healthy behaviours according to sex. This method is
useful for identifying co-occurring healthy behaviours
by subgrouping participants with similar patterns of
behaviours. We used the PROC HPCLUS procedure in
SAS software, which performed a k-means clustering algo-
rithm and determined the most suitable number of clus-
ters in a set of data by comparing the sum of squares error
between input data and expectation.39 Cluster analysis
revealed two clusters in men and four clusters in women
(figure 2). The characteristics of each cluster in men and
women were defined based on the proportion of partici-
pants adhering to each healthy behaviour in each cluster
(y-axis of figure 2). The associations of family history and
each cluster were evaluated by binary (for men) or multi-
nomial logistic regression (for women) with the same
model described above, and the unhealthiest behaviour
cluster was used as a reference in each sex.

We also conducted sensitivity analysis in only partici-
pants without a prior diagnosis of diabetes and without a
prior diagnosis of diabetes, CVD and cancer. All statistical
analyses were performed with SAS V.9.4. All p values were
two-sided, and a p value of <0.05 was considered statisti-
cally significant.

Patient and public involvement
No patients or public were involved in setting the research
question, study design and interpretation of this study.

However, patient data and resource access have been
approved by the governance office. The results will not
be disseminated to study participants.

RESULTS

Among the eligible 128 520 participants (43036 men and
85484 women), the mean age was 53.5 (8.4) years for
men and 52.3 (7.8) years for women. The prevalence of a
family history of diabetes was 16.3% (95% CI 15.9 to 16.6)
for men and 19.7% (95% CI 19.4 to 19.9) for women
(online supplementary table 1). Table 1 presents associa-
tions between potential covariates and adherence to each
healthy behaviour. Among both men and women, older
participants more frequently reported an adherence to
regular exercise and healthy diet but not to having a
normal body composition. Adherence to regular exer-
cise was positively associated with high levels of education
and income, office jobs or unemployment, family history
of CVD and cancer, and prior diagnosis of diabetes and
cancer. There were similar associations of healthy diet with
potential covariates, except for education in women and
incomes in both men and women. Adherence to having
a normal body composition was positively associated with
higher education, unemployment and prior diagnosis of
cancer and was negatively associated with prior diagnosis
of diabetes and CVD. The associations between poten-
tial covariates and a family history of diabetes are also
presented in online supplementary table 2.

Table 2 shows the associations of a family history of
diabetes with adherence to each healthy behaviour.
Participants with a family history of diabetes were more
likely to participate in regular exercise (OR=1.12, 95% CI
1.06 to 1.18 for men and OR=1.10, 95% CI 1.07 to 1.14
for women) and practice a healthy diet (OR=1.06, 95%
CI1.01 to 1.12 for men and OR=1.05, 95% CI 1.02 to 1.09
for women). Those participants having a family history
of diabetes were less likely to adhere to having a normal
body composition (OR=0.83, 95% CI 0.78 to 0.87 for men
and OR=0.83, 95% CI 0.80 to 0.86 for women). Most of
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these associations were strengthened when the affected
member was a sibling, the number of affected members
was increased or the age at diagnosis of the affected
member was younger than 50 years. The results of the
trend test for the number of affected members were
significant in all behaviours. The interactions between
family history of diabetes and sex with adherence to
regular exercise and having a normal body composition
were significant, but the interactions with healthy diet
were not. The results were not largely changed in the anal-
ysis of participants without a prior diagnosis of diabetes
(online supplementary table 3), or diabetes, CVD and
cancer (online supplementary table 4), or other diseases
reported in the questionnaire, including hypertension,
hyperlipidemia, gastrointestinal diseases, polyps, liver
diseases, gallstones, asthma, bronchial diseases, allergy,
thyroid disease, arthritis, osteoporosis, eye diseases and
depression, along with diabetes, CVD and cancer (data
not shown).

The two clusters found in men were defined as ‘moder-
ately active and healthy diet, but abnormal body compo-
sition’ (60.0% of men) and ‘moderately active, healthy
diet and normal body composition’ (40.0%), and the four
clusters in women were defined as ‘unhealthy behaviours’
(11.7% of women), ‘healthy diet’ (21.9%) ‘moderately
active and normal body composition’ (21.3%) and
‘healthy diet and balanced behaviour’ (45.0%) (figure 2).
In men, only the proportion adhering to having a normal
body composition was distinguished between the two
clusters. Table 3 presents the associations between family
history of diabetes and clusters of behaviours in men
and women. In men, the moderately active and healthy
diet, but abnormal body composition cluster was used as
a reference group and those having a family history of
diabetes were less likely to be in the moderately active,
healthy diet and normal body composition cluster
compared with moderately active and healthy diet, but
abnormal body composition cluster (table 3), which was
similar to the association of family history and adher-
ence to having a normal body composition. In women,
those having a family history of diabetes were less likely to
adhere to the moderately active and normal body compo-
sition cluster, but those who had affected siblings were
more likely to adhere to the healthy diet and balanced
behaviours cluster. The magnitude and significance of
the associations between family history-related character-
istics and the healthy diet cluster were similar to the asso-
ciations with healthy diet as an individual factor. In the
rest of the clusters, the direction of the associations with
family history was similar to those of adherence to having
a normal body composition. The distribution of basic
characteristics of the healthy clusters was also similar to
the distribution of basic characteristics according to
adherence to having a normal body composition, rather
than regular exercise or a healthy diet (online supple-
mentary tables 5 and 6).

DISCUSSION

The present study showed a positive association of a family
history of diabetes with adherence to regular exercise and
a healthy diet but a negative association with adherence
to having a normal body composition. The magnitude of
these associations was strengthened when the affected
member was a sibling, the number of affected members
increased or the age at diagnosis of the affected member
was younger than 50 years. Further, adherence to normal
body composition was an important component in deter-
mining the clusters of behaviours, especially in men;
those with a family history of diabetes were less likely to
adhere to a ‘normal body composition’ cluster.

Previous studies have reported inconsistent associations
between a family history of diabetes and regular exer-
cise. One study reported a positive association between
a family history of diabetes and participation in physical
activity,21 which is consistent with our results, whereas
most previous results indicated non-significant associ-
ations with physical activity,”’ > except for one study
showing a negative association.'” There were two reports
that individuals who had family members with diabetes
were more likely to have a healthy diet, as assessed by
daily consumption of vegetables and low-fat milk and
the use of vegetable margarine or no fat on bread” or by
having a lower caloric intake than those without a family
history of diabetes,” but non-significant associations were
found in other studies.”>** % For body composition, most
previous results were consistent with our study,'*** ** %0
with the exception of two studies showing a non-signif-
icant association.” * A possible reason for the non-sig-
nificant associations between a family history of diabetes
and adherence to healthy behaviours in previous studies,
especially regarding regular exercise and a healthy diet,
is that there was a lack of power to capture the effects
of family history due to a relatively small sample size of
<11000 participants and with a prevalence of a family
history of diabetes at ~20.0%.

It was known that family history could induce the
perception of disease risk."”'® Those with a family history
of diabetes tried to reduce or control the familial risk by
adopting certain lifestyles or behaviors*” because factors
such as physical activity, dietary habits and obesity were
perceived as risk factors for the disease.”’ However, there
were inverse associations between healthy behaviours,
such as regular exercise or healthy diet, and normal body
composition. As explained above, these associations were
also found in previous studies,” especially for obesity, as
those with a family history of diabetes showed higher
BMI or waist circumference in most studies.'** ***® The
onset of disease in family members means that there had
been intergenerational transmission of poor lifestyle
behaviours, such as smoking, drinking alcohol, being
overweight and being inactive that had been shared
within the family before the onset of the disease.” Among
those behaviours, it has been known that obesity is highly
influenced by genetic factors, and there is common
genomic architecture in obesity and type 2 diabetes.*
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Those who have the common genetic architectures of
obesity and type 2 diabetes are more likely to become
obese, and the effects of regular exercise or healthy diet
on obesity-related body composition can be attenuated.**
In addition to these genetic causes, barriers to healthy
behaviours such as a lack of time or competing priorities
typically perceived in middle-aged adults* *® could make
it difficult to maintain long-term and regular energy
balance-related behaviours for achieving the ideal body
composition.

The present study found that characteristics of family
history, such as the relationship type, number and age
at diagnosis of affected family members, had a slightly
different effect on healthy behaviours. These results
confirmed the previous reports that the characteristics
of family history could influence an individual’s percep-
tion of his or her vulnerability to diseases and could thus
influence lifestyle behaviours.”” Regarding the relation-
ship type of family member, environmental factors shared
differently with parents and siblings might also influence
adherence to healthy behaviours.*’ Further study should
confirm which environmental or social factors shared
with family members caused the difference in association
with behavioural factors when a family history occurred.

Behaviours typically co-occur and cluster together
rather than being independent. For example, those with
a lower BMI may participate in physical activity or have
healthy dietary habits.*® Thus, information about which
risk factors cluster together can help clinicians screen the
vulnerable population to target health promotion strate-
gies.” To our knowledge, no previous studies considered
the clusters of behaviours with family history. In the anal-
ysis of clustered groups, we found that there were broadly
two types of clusters, with or without adherence to having
a normal body composition by comparing the distri-
bution of the basic characteristics or family history of
diabetes according to adherence to normal body compo-
sition, as individual factors, with the cluster including
normal body composition (online supplementary tables
5 and 6). Taken together, we could infer that the clusters
of behaviours were mostly derived from having a normal
body composition.

Although smoking and alcohol are known as major
behavioural risk factors for death and disease world-
wide,” they were not considered as behavioural factors
in the present study because they were suggested only
in the management guidelines for diabetes patients
but not in the preventive guidelines by the American
Diabetes Association, National Institute of Diabetes and
Digestive and Kidney Disease, and the Korea Centers
for Disease Control and Prevention."** They were also
not included in the list of covariates because we could
not determine whether smoking and alcohol consump-
tion were confounders, intermediates or colliders in the
DAG. Although we could not define smoking or alcohol
consumption as a confounder through the results of
previous studies or the DAG, we also found that the
results were almost unchanged when those variables were

included in the confounder set of the model (data not
shown).

The present study has some limitations. First, family
history of diabetes was collected with a self-reported ques-
tionnaire. This can cause recall bias if the participant does
not remember the exact diagnosis. However, test-retest
reliability for family history of diabetes was evaluated by
estimating Cohen’s kappa coefficient and was outstanding
at 0.90 in the repeatedly measured participants, with a
median follow-up duration of 4.2 years after the base-
line recruitment (data not shown). Second, the use of
self-reported lifestyle behaviours may lead to over-ascer-
tainment of healthy behaviours and could have biased
estimates of the associations in the present study. Third,
our study did not distinguish between family history of
type 1 and type 2 diabetes. However, we ruled out the
effect of type 1 diabetes by excluding participants with
offspring diagnosed with diabetes because type 1 diabetes
mostly develops during childhood.

CONCLUSION

We found that participants with a diabetes-affected family
member were living more actively and had healthier
dietary habits but were less likely to have a normal body
composition, which is a key factor for determining
behavioural patterns. The results of the current study
could be used to develop a manageable intervention
focusing on reducing diabetes risk by helping high-risk
populations, such as those with affected family members,
to successfully achieve a normal body composition. Health
improvement policy and campaigns targeting integrated
health behaviours will be needed to reduce the burden of
diseases and improve public health.
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