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Abstract

Objective: The objective of this study was to examine shared and unique risk factors for incident
depression and diabetes mellitus in a national longitudinal population-based survey.

Methods: Canadian National Population Health Survey (NPHS) longitudinal study was used.
A subsample of the initial NPHS sample (n = 4845), free of depression or diabetes mellitus

at baseline was tracked over a 10-year period. Univariate and multivariate modified Poisson
regression models were used to estimate the relative risk (RR]. Stratified analyses by sex
were conducted to measure its moderating role. The goodness-of-fit of the various models
was tested.

Results: The cumulative incidence rate of major depressive disorder and incident diabetes
mellitus at 10-year follow-up were 4.1% and 10.1% respectively. Hypertension, daily smoking,
physical inactivity and being overweight or obese were shared risk factors for major depressive
episode and diabetes mellitus. Being female, family stress, traumatic events, having any chronic
disease or heart disease were uniquely associated with depression while increasing age and
ethnicity (non-white] were unique risk factors for diabetes mellitus. Also, underweight, family
stress, chronic disease, and heart disease were risk factors for major depressive disorder in both
sexes. Six risk factors, age, ethnicity (non-white), high blood pressure, daily smoking, physical
inactivity, and body mass index were associated with incident diabetes mellitus in both sexes.
Conclusion: We found common risk behaviors/conditions not specific to either diabetes
mellitus or depression. These risks have also been implicated in the development of a variety
of chronic diseases. These findings underline the importance of public health prevention
programs targeting generic risk behaviors.
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Introduction

The relationship between depression and diabe-
tes is of interest to healthcare providers because
both conditions contribute significantly to the
global burden of disease. Depression is a major
public health problem and its prevalence and

incidence increasing globally as reported by the
Global Burden of Disease Study 2010 and other
studies.!> The increasing burden of depression
has a huge financial impact on many national
healthcare systems as they struggle to meet
needs.®> It is a common and often recurrent
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mental disorder with known risk factors that have
been documented in the literature. These include
body mass index (BMI),° female gender, younger
adults, having a chronic disease,” family or mater-
nal stress,®° child abuse and adverse childhood
experience,!%!1 smoking,”!2 and physical inactiv-
ity.13 Although there is a U-shaped relationship
between BMI and depression,® its relationship
with diabetes mellitus is positive.14-16

Diabetes mellitus is a complex disease that contin-
ues to increase in many countries including
Canada. It is estimated that 90% of diabetes mel-
litus cases among Canadian adults are type 2
whereas 10% constitute type 1 and gestational
diabetes mellitus.!” According to the most recent
data, an estimated 2.3 million (7.3%) of Canadians
aged =12 years live with a diabetes mellitus diag-
nosis in 2017.17 Recent reports by the International
Diabetes Federation suggest that in 2017 about
425 million people globally were living with diabe-
tes mellitus and this number is expected to
increase to 642million by the year 2040.18 This
means 1 in 11 adults had diabetes mellitus as of
2017. The World Health Organization (WHO)
estimated diabetes mellitus to be the seventh lead-
ing cause of death in 2016.1° The commonly
reported risk factors of diabetes mellitus include
rapid increases in overweight, obesity, physical
inactivity, sedentary lifestyles, and dietary factors,
such as high fat intake.!# Other risk factors include
smoking, age, abdominal obesity, high blood pres-
sure or hypertension, urban residence, and family
history of diabetes mellitus.2° The Global Burden
of Disease Study 2016 reports that depression and
diabetes mellitus accounted for 34 million and
57 million all-age disability adjusted life-years
(DALYs), respectively.?!

Aside from known traditional risk factors for the
two conditions, others suggest depression and dia-
betes mellitus are closely linked.?%23 Ducat ez al.?*
reported that mental health problems often co-
occur in people with diabetes mellitus. In addi-
tion, depression is twice as common in people
with diabetes mellitus as in the general popula-
tion, and is associated with poorer outcomes.?>
Three meta-analyses collectively report that indi-
viduals with depressive symptoms had a 37-60%
greater risk of incident diabetes mellitus compared
with those without depressive symptoms.26-28 In
addition, Chireh ez al.?° found a 33% increased
risk of depression in patients with diabetes melli-
tus in their recent review of longitudinal studies.

Other studies suggest a reciprocal or bidirectional
relationship between these diseases.25:27,28

Several interpretations seek to disentangle the
link between depression and diabetes mellitus.
Some are of the view that the psychological
trauma associated with a chronic disease diagno-
sis predisposes patients to depression and at the
same time depression in patients with diabetes
mellitus is associated with poor self-care behav-
iors.25:30 Katon er al.3! report that depressed peo-
ple are more likely to have a high BMI, poor diet,
be physically inactive, and smoke daily, all of
which are known risk factors for diabetes.

There is evidence that depression and diabetes
mellitus are linked. What is not well understood
are the mechanisms linking depression and dia-
betes mellitus although no doubt behavioral
and biological factors may both contribute.
Depression and diabetes mellitus share common
biological origins, particularly overactivation of
innate immunity leading to a cytokine-mediated
inflammatory response, and potentially through
dysregulation of the hypothalamic—pituitary—
adrenal axis. During an individual’s life course,
these pathways can lead to insulin resistance,
cardiovascular disease, depression, increased risk
of diabetes mellitus, and increased mortality.32

Although both cross-sectional and longitudinal
studies have consistently reported the risk factors
for depression and diabetes mellitus separately,
few have investigated the two disorders together
and literature is scarce regarding shared disease
risk factors for depression and diabetes mellitus at
a national population level. There is a need to
conduct well-characterized longitudinal cohort
analyses to determine whether shared origins of
depression and diabetes mellitus exist and that
these shared origins could provide joint avenues
for public health prevention strategies for both
conditions.>?

This study aims to: (1) explore shared and unique
risk factors for incident depression and diabetes
mellitus in the same population over a 10-year
follow-up period; (2) assess sex differences in sex-
specific shared or unique risk factors for depres-
sion and diabetes mellitus. What this study adds
new is the concurrent assessment of shared dis-
ease risk factors over a 10-year follow-up period
among middle age and older national population
survey sample.
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[ Original NPHS cohort at baseline in 1994/95 n=17,276 ]

—

¢ Individuals <45 years
n=10,649*

[ Eligible individuals for inclusion (45 years and older) ]

n=6,627

_[

* Missing on depression or diabetes variable at

baseline n=1, 309* J

Cohort sample with complete data on depression and ]

[ diabetes n=5,318

Depressed or have history of
Alzheimer's disease or other dementias
or diabetes at baseline n=473*

_[

Final cohort for analysis

n=4845 ]

Figure 1. Restriction criteria employed to obtain the subsample of National Population Health Survey (NPHS])

cohort in this study.
“Excluded from the analysis.

Method

Data sources

The Canadian longitudinal National Population
Health Survey (NPHS) is used. It is a nationally
representative longitudinal community study
(n=17,276) started in 1994-1995 with partici-
pants followed until 2010-2011. It has the ability
to establish a temporal relationship between pre-
dictor variables and incident depression and dia-
betes mellitus. It was conducted by Statistics
Canada with the sole purpose of collecting longi-
tudinal information on the health of the Canadian
population. A multistage stratification method
was used to select respondents whilst taking into
consideration the geographic and socioeconomic
characteristics and clustering of the population.
Interviewers had face-to-face interviews with
respondents at baseline and after which respond-
ents were re-interviewed every second year by tel-
ephone. Our study used six cycles (to 2004—2005)
for this analysis. We excluded respondents who
were less than 45 years of age. The NPHS longi-
tudinal study initial sample had 17,726 partici-
pants (ages 12years and over) and after follow-up
to cycle 9 had an overall response rate of 69.7%.33
Our analysis stopped at cycle 6 in order to limit
loss to follow up issues. We recorded a lower
response rate after cycle 6 and the age restriction
of our sample affected loss to follow up, with sig-
nificant losses to follow up recorded after cycle 6
probably due to death. The NPHS ethics review

process was approved by Statistics Canada and
all respondents to the original survey provided
informed consent. A detailed description of the
survey is available elsewhere.3%35

Study sample

Our study was limited to 4,845 participants who
were free of depression and diabetes mellitus at
baseline and aged =45 years. They were followed
to 2004/2005. Five exclusion criteria were used
at baseline. These include: (1) those who were
depressed at baseline (1994-1995); (2) partici-
pants who self-reported positively to having a
doctor diagnosis of diabetes mellitus at or before
baseline; (3) reported a history of Alzheimer’s
disease or other dementias; (4) had missing val-
ues on diabetes mellitus at baseline or at follow
up; and (5) had missing values on depression at
baseline or at follow up. Incident cases of depres-
sion and diabetes mellitus were the focus of this
study. Figure 1 shows a detailed description of
the selection criteria used to generate the study
cohort. At cycle 6, 56.6% of depression sample
respondents and 62.7% of diabetes mellitus sam-
ple respondents remained in the study.

Measures

Depression. Major depressive episode (MDE)
over the past 12months was assessed using the
Composite International Diagnostic Interview

journals.sagepub.com/home/tae
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Short Form (CIDI-SF), an internationally recog-
nized depression diagnostic questionnaire which
was keyed to major depression criteria in the
Diagnostic and Statistical Manual of Mental Dis-
orders 3rd edition (DSM-III-R).3% Participant’s
symptoms were assessed in the past year prior to
the interview. In the NPHS study, MDE was
defined by a cut-point of 90% predictive proba-
bility for the CIDI-SF.

Diabetes. Diabetes mellitus incidence was
assessed based on a self-report of diagnosis by a
doctor or health professional through to cycle 6.

Predictors/covariates. A wide variety of lifestyle,
behavioral, sociodemographic, and physiological
predictors or covariates were assessed at baseline
(1994-1995). The variables included in this analy-
sis were: sex, age (45-54, 5564, =65 years), house-
hold annual income (<$15,000, $15,000-$29,999,
$30,000-$49,999, $50,000-$79,999, =$80,000),
self-reported BMI (underweight < 18.5kg/m?, nor-
mal weight 18.5-24.9kg/m?, overweight 25—
29.9kg/m?, and obese > 30kg/m? ), type of smoker
(‘occasional/former/never smoked’ and ‘daily
smoker’), ethniciry (‘Caucasian/white’ and ‘all other
ethnicities/nonwhite’), family stress index (‘some
stress/stress overload/yes’ and ‘no stress/no’), rrau-
matic lfe events (‘less than three traumatic life
events/three or more traumatic life events/yes’ and
‘no traumatic life events/no’), high blood pressure
(‘yes’ and ‘no’), chronic disease (‘yes’ and ‘no’), heart
disease (‘yes’ and ‘no’). Hypertension, heart dis-
ease, and chronic disease were assessed at baseline
through doctor or health professional diagnoses of
any of the conditions. The survey reported both
heart disease and chronic disease separately. We
used the term ‘sex’ here rather than gender as the
NPHS survey questionnaire asked respondent
whether they were male or female.

Statistical analysis

This secondary analysis of the NPHS, longitudi-
nal 1994 dataset was done using Statistics Canada
confidential microdata files (Master data files)
that are accessible through Research Data Centers
only (https://crdcn.org). The modified Poisson
regression was used to estimate the relative risk
(RR) because of its ability to consistently and
effectively estimate RR with a robust error vari-
ance in prospective studies.3” Univariate modified
Poisson regression was conducted to assess the
unadjusted relationship between shared or unique

risk factors of both depression and diabetes mel-
litus and the new onset of both conditions.
Unadjusted measures could not be reported in
the stratified analysis because most variables did
not meet the minimum required number of cases
in a cell necessary for vetting. All included predic-
tor variables recorded an unadjusted p<<0.20 at
the univariate analysis stage and were maintained
for subsequent analyses in multivariate Poisson
regression. At the multivariate analysis stage, a
modified Poisson regression was used to assess
the association between shared or unique risk fac-
tors and the incidence of depression or diabetes
mellitus during the follow up.

In total, three modified Poisson regression mod-
els were fitted: (1) associations between shared or
unique risk factors and the onset of depression
and/or diabetes mellitus; (2) characteristics asso-
ciated with incident major depressive disorder
during the 10-year follow up by sex; and (3) char-
acteristics associated with incident diabetes mel-
litus during the 10-year follow up by sex. Sex
differences were assessed because it was reported
as a significant risk factor for both depression and
diabetes mellitus in the univariate analysis. The
goodness of fit for the various models was tested.
We reported unadjusted and adjusted RR and
95% confidence intervals at a significance level of
p»<0.05. STATA version 14 was used for the sta-
tistical analysis.38

Results

Study demographic characteristics

The majority of our subsample of adults free of
depression and diabetes mellitus aged =45 years
at baseline were women (56.8%), fell within the
age group of 55—64years (40.8%), had less than
secondary graduation education (43%), were
married or in common law relationships (60%),
were white (96.5%), 29.8% had a household
income of $15,000-$29,999, and 56.5% were
overweight or obese. Table 1 below lists the
demographic characteristics of study subjects at
baseline.

Characteristics associated with incident
depression and diabetes mellitus [multivariate
analysis)

Four shared disease risk factors for incident
depression and diabetes mellitus were found:
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Table 1. Baseline demographic characteristics of respondents (aged =45) covered in the 1994/95 cycle.

Characteristics Frequency Percentage (%)
Sex

Male 2095 43.2

Female 2750 56.8

Total 4845 100

Age categories, years

45-54 896 18.5
55-64 1976 40.8
65 and above 1973 40.7
Total 4845 100

Educational level

Post-secondary graduation 1205 24.9
Some post-secondary education 955 19.7
Secondary graduation 602 12.4
Less than secondary graduation 2083 43.0
Total 4845 100
Marital Status

Married/common law 2909 60.0
Divorced/separate/widowed 1547 31.9
Never married/single 389 8.0
Total 4845 100

Race/ethnicity

White 4673 96.5
Nonwhite 172 3.6
Total 4845 100

Household income, CAD

<$15,000 1118 23.1
$15,000-$29,999 1444 29.8
$30,000-$49,999 1121 23.1
$50,000-$79,999 762 15.7
=$80,000 400 8.3
Total 4845 100

Self-reported body mass index

Normal weight 1985 41.0
Underweight 122 2.5
Overweight 1995 41.2
Obese 743 18.3
Total 4845 100
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(1) high blood pressure or hypertension, (2) being
a smoker, (3) physical inactivity, and (4) self-
reported BMI. Compared with nonhypertensive
participants, those who were hypertensive were
1.34 times (95% CI=0.87-2.07) and 1.62 times
(95% CI=1.28-2.06) more likely to report inci-
dent depression and diabetes mellitus, respec-
tively. Daily smoking was significantly associated
with the risk of depression (RR=1.72, 95%
CI=1.16-2.56) and diabetes mellitus (RR=1.36,
95% CI=1.04-1.77). Respectively, physically
inactive participants were 1.24 times (95%
CI=0.85-1.80) and 1.24 times (95% CI=0.99-
1.56) more likely to develop depression and dia-
betes mellitus. We found a U-shaped relationship
between self-reported BMI and depression and a
direct positive relationship between BMI and dia-
betes mellitus. Underweight participants were
3.34 times at risk for depression (95% CI=1.40-
7.97) whereas obese persons were 1.01 times
95% CI=0.61-1.69) more likely to report
depression. Overweight or obese survey partici-
pants had 1.81 and 3.24 times (p <0.001) higher
risk of reporting diabetes mellitus, respectively,
compared with the normal weight respondents.

We found five unique disease risk factors for inci-
dent depression: (1) being female, (2) family stress,
(3) traumatic life events, (4) presence of one or
more chronic diseases, and (5) heart diseases. We
found that women were 2.13 times (95%
CI=1.40-3.24) at risk of developing depression
compared with men. Respondents with family
stressors such as activity overload, financial diffi-
culties and problems with relationships in their
day-to-day encounters were 1.48 times (95%
CI=1.02-2.15) at risk of developing depression.
Participants with any history of traumatic experi-
ences during childhood, adolescence, or adult-
hood had a 46% (95% CI=1.00-2.13) increased
risk of having depression. Those with chronic
health conditions were 2.47 times (95%
CI=1.47-4.15) at a higher risk of depression.
Having a heart disease was also a significant
unique risk factor for depression (RR=2.21, 95%
CI=1.47-4.15).

This study recorded only two unique disease risk
factors for incident diabetes mellitus. The risk of
diabetes mellitus increased with age. Participants
aged 55-64years and those =65 years were 1.66
times (95% CI=1.22-2.28) and 1.63 times (95%
CI=1.16-2.29) more likely to develop diabetes
mellitus, respectively. Participants indicating they

were ‘nonwhite’ were almost twice as likely to
report diabetes mellitus compared with those
reporting themselves as ‘white’ (RR=1.73, 95%
CI=1.09-2.75).

Overall, this study did not find shared protective
factors for both conditions. However, increasing
age was a significant protective factor for depres-
sion (p=0.018), whereas increasing income was a
significant protective factor for diabetes mellitus
(p=0.037). Table 2 represents the final multivari-
ate modified Poisson regression model for inci-
dent depression and diabetes mellitus among
those aged 45years and over after adjusting for
covariates and/or predictor variables.

Sex differences in characteristics associated

with incident depression

Different regression models were run for men and
women. Four shared sex-specific risk factors for
depression such as underweight, having family
stress, one or more chronic diseases, and heart
disease were found for both men and women
although there are differences in the strength of
those relationships. Underweight men were 9.09
times (95% CI=1.95-42.5) more likely to report
depression, in contrast, women were 2.92 times
(95% CI=1.09-7.84) more likely to develop
depression. Men who experience family stress
had a 1.82 times (95% CI=0.85-3.90) increased
risk of depression whereas women were 1.47
times (95% CI=0.96-2.27) more likely. On the
other hand, women with chronic diseases were
more likely to report depression (RR=2.45, 95%
CI=1.33-4.51) compared with men (RR=2.14,
95% CI=0.78-5.89). For participants with heart
diseases, men were 3.29 times (95% CI=1.34—
8.07) more likely to report depression, in con-
trast, women were 1.94 times (95%
CI=1.02-3.69) as likely to develop depression.

Women reported two unique sex-specific risk fac-
tors for depression. Hypertensive women were
1.61 times (95% CI=1.00-2.62) more at risk of
depression. In addition, female daily smokers
were more at risk of depression compared with
non-smokers (RR=1.82, 95% CI=1.16-2.86).
We, however, found that increasing age was an
insignificant shared protective factor for depres-
sion among men (p=0.251) and a significant pro-
tective factor among women (p=0.003). Although
women did not report any unique protective factor
for depression, income was a unique significant
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Table 2. Adjusted shared and unique risk factors for depression and diabetes mellitus during the 10-year

follow up (cycle 6).

Depression Diabetes
n=2743 n=3040

Characteristics RR, 95% CI p value RR, 95% CI p value
Sex

Male Reference Reference

Female 2.13(1.40-3.24)  <0.001 N/A N/A
Age categories, years

45-54 Reference Reference

55-64 0.65(0.43-0.98)  0.040 1.66 (1.22-2.28)  0.002

=45 above 0.43(0.24-0.78)  0.005 1.63(1.16-2.29)  0.005
Household income, CAD

<$15,000 Reference Reference

$15,000-$29,999 N/A N/A 0.83(0.63-1.09]) 0.188

$30,000-$49,999 N/A N/A 0.62(0.45-0.85)  0.003

$50,000-$79,999 N/A N/A 0.66 (0.46-0.94)  0.023

=>4$80,000 N/A N/A 0.76 (0.50-1.16)  0.204
Ethnic background

White Reference Reference

Nonwhite N/A N/A 1.73 (1.09-2.75)  0.021
High blood pressure

No Reference Reference

Yes 1.34 (0.87-2.07)  0.183 1.62 (1.28-2.06)  <0.001
Type of smoker

Abstainer/never smoke Reference Reference

Daily smoker 1.72 (1.16-2.56)  0.007 1.36 (1.04-1.77)  0.022
Physical activity

Active Reference Reference

Inactive 1.24(0.85-1.80)  0.275 1.24 (0.99-1.56)  0.066
Self-reported BMI

Normal weight Reference Reference

Underweight 3.34 (1.40-7.97)  0.007 0.39 (0.06-2.72)  0.345

Overweight 0.94(0.63-1.42)  0.772 1.81(1.36-2.40)  <0.001

Obese 1.01(0.61-1.69)  0.960 3.24 (2.39-4.41)  <0.001

(Continued)
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Table 2. (Continued)

Depression Diabetes
n=2743 n=3040
Characteristics RR, 95% CI p value RR, 95% CI p value
Family stress
No Reference Reference
Yes 1.48 (1.02-2.15)  0.049 N/A N/A
Traumatic events
No Reference Reference
Yes 1.46 (1.00-2.13)  0.001 N/A N/A
Chronic disease
Without Reference Reference
With 2.47 (1.47-4.15)  0.001 N/A N/A
Heart disease
No Reference Reference
Yes 2.21(1.33-3.69]  0.002 N/A N/A

Notes: Bold RR represents shared risk factors for both depression and diabetes mellitus.
BMI, body mass index; Cl, confidence interval; RR, relative risk.

protective factor for depression among men
(p<0.001). Table 3 presents shared and unique
risk or protective factors for depression by sex
differences.

Sex differences in characteristics associated

with incident diabetes mellitus

Six characteristics, age, race or ethnicity, hyper-
tension, smoking status, physical inactivity, and
self-reported BMI, were found to be shared sex-
specific risk factors of diabetes mellitus among
men and women. However, there were differ-
ences in the strength of the association between
the sexes. Senior women (=65 years) were 2.72
times (95% CI=1.54-4.79) more likely to report
diabetes mellitus compared with 1.44 times (95%
CI=0.92-2.28) for senior men (=65 years).
Female ‘nonwhites’ were also at a greater risk of
diabetes mellitus (RR=1.91, 95% CI=1.02—
3.58). Hypertensive men were 1.71 times (95%
CI=1.18-2.47) at a greater risk of diabetes
mellitus compared with hypertensive women 1.59
times (95% CI=1.17-2.16). Male daily smokers
(RR=1.49, 95% CI=1.03-2.15) were signifi-
cantly more at risk of incident diabetes mellitus

compared with female daily smokers (RR=1.30,
95% CI=0.89-1.90). Men who were physically
inactive had a 32% (95% CI=0.93-1.87)
increased risk of developing diabetes mellitus
compared with physically inactive women 19%
(95% CI=0.93-1.87). Obese male survey
respondents were at 3.73 times (95% CI=2.24—
6.18) greater risk of diabetes mellitus compared
with obese female respondents at 3.09 times
(95% CI=2.09-4.58) greater risk.

We found heart disease to be a unique sex-specific
risk factor for incident diabetes mellitus among
women only. Women with heart disease were 1.66
times (95% CI=1.08-2.56) at risk of incident dia-
betes mellitus compared with women without heart
disease. However, this risk factor was not found to
be present among men. The data analyzed did not
reveal any sex-specific protective factors for diabe-
tes mellitus in this survey sample (see Table 4).

Discussion

We found that the cumulative incidence of
depression and diabetes mellitus during the
10-year follow-up period were 4.1% and 10.1%,
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Table 3. Adjusted risk factors for incident major depressive disorder during the 10-year follow up stratified by sex.

Men Women
n=1136 n=1607

Characteristics RR, 95% CI p value RR, 95% CI p value
Age categories, years

45-54 Reference Reference

55-64 0.53 (0.23-1.21) 0.130 0.62 (0.38-0.99) 0.048

=45 0.46 (0.15-1.39) 0.170 0.33(0.17-0.62) 0.001
Household income, CAD

<$15,000 Reference Reference

$15,000-%$29,999 0.38(0.16-0.94) 0.037 N/A N/A

$30,000-$49,999 0.26(0.089-0.76) 0.013 N/A N/A

$50,000-$79,999 0.34 (0.13-0.90) 0.030 N/A N/A

>%$80,000 0.21(0.006-0.45) <0.001 N/A N/A
High blood pressure

No Reference Reference

Yes N/A N/A 1.61(1.00-2.62) 0.052
Type of smoker

Abstainer/never smoke Reference Reference

Daily smoker N/A N/A 1.82 (1.16-2.86) 0.010
Self-reported BMI

Normal weight Reference Reference

Underweight 9.09 (1.95-42.5) 0.005 2.92(1.09-7.84) 0.033

Overweight 1.61(0.66-3.91) 0.294 0.84 (0.52-1.35) 0.471

Obese 1.35 (0.43-4.22) 0.601 0.96 (0.54-1.71) 0.888
Family stress

No Reference Reference

Yes 1.82 (0.85-3.90) 0.124 1.47 (0.96-2.27) 0.079
Chronic disease

Without Reference Reference

With 2.14(0.78-5.89) 0.141 2.45 (1.33-4.51) 0.004
Heart disease

No Reference Reference

Yes 3.29 (1.34-8.07) 0.009 1.94 (1.02-3.69) 0.044

Notes: Bold RR represents shared risk factors of depression by men and women.
BMI, body mass index; Cl, confidence interval; RR, relative risk.
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Table 4. Adjusted risk factors for diabetes mellitus incidence during the 10-year follow up stratified by sex.

Men Women
n=1253 n=1787

Characteristics RR, 95% CI p value RR, 95% CI p value
Age categories, years

45-54 Reference Reference

55-64 1.25 (0.84-1.87) 0.270 2.72 (1.57-4.73) <0.001

=65 1.44 (0.92-2.28) 0.110 2.72 (1.54-4.79) 0.001
Ethnic Background

White Reference Reference

Nonwhite 1.59 (0.80-3.17) 0.185 1.91 (1.02-3.58) 0.044
High blood pressure

No Reference Reference

Yes 1.71 (1.18-2.47) 0.005 1.59 (1.17-2.16) 0.003
Type of smoker

Abstainer/never Reference Reference

smoke

Daily smoker 1.49 (1.03-2.15) 0.036 1.30 (0.89-1.90) 0.179
Physical activity

Active Reference Reference

Inactive 1.32(0.93-1.87) 0.119 1.19 (0.88-1.61) 0.270
Self-reported BMI

Normal weight Reference Reference

Underweight 0.33 (1.33-8.33) <0.001 0.53 (0.08-3.66) 0.521

Overweight 1.73 (1.08-2.79) 0.023 1.77 (1.23-2.55) 0.002

Obese 3.73 (2.24-6.18) <0.001 3.09 (2.09-4.58) <0.001
Heart disease

No Reference Reference

Yes N/A 1.66 (1.08-2.56) 0.021

Note: Bold RR represents shared risk factors of diabetes mellitus by men and women.
BMI, body mass index; Cl, confidence interval; RR, relative risk.

respectively. Our cumulative incidence of diabe-
tes mellitus is higher than the 3.5% reported in a
cohort study in Spain?® but lower than the 11.2%
reported in a population-based longitudinal study

in Singapore.!® In addition, the cumulative inci-
dence of major depressive disorder we reported is
much lower than the 12.1% cumulative incidence
previously reported in a 16-year Canadian
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longitudinal study.” However, these differences
may be due to differences in age restrictions in
our study sample and follow-up periods.

Foremost, we found four shared disease risk fac-
tors for both depression and diabetes mellitus.
Those survey participants who were (1) hyperten-
sive, (2) daily smokers, (3) physically inactive,
and (4) overweight or obese had a higher risk of
developing either depression or diabetes mellitus.
These findings are in keeping with earlier results
that reported risk factors for depression and dia-
betes mellitus separately.®712-14,16,20,31

Second, we found that being female, family stress,
traumatic life events, the presence of one or more
chronic diseases and heart disease were the four
risk factors that were uniquely associated with
incident depression. Our findings are consistent
with previous research.”-11

Third, we found that increasing age and being
nonwhite were the only unique disease risk fac-
tors for diabetes mellitus. After age 55 years the
risk of developing diabetes mellitus was almost
twice as likely compared with those below 55.
This finding is similar to that reported in earlier
studies.?%3° Whites had a lower incidence of dia-
betes mellitus compared with nonwhites, which is
similar to a previous study in the United States
where a high prevalence of diabetes mellitus was
found among non-Hispanic blacks and those of
Mexican origin who had the highest prevalence
rates.*® Our finding highlights the disproportion-
ate ethnic burden of diabetes mellitus prevalence
or incidence in Canada and requires the develop-
ment of comprehensive policies and programs to
help in the early prevention, diagnosis, and treat-
ment of diabetes mellitus and its complications.

Surprisingly, we did not find shared protective
factors for depression and diabetes mellitus. Each
disease had different protective factors. Whereas
increasing age was a significant protective factor
for depression, income (higher income) was the
only protective factor for diabetes mellitus. A pos-
sible explanation of the age—depression inverse
relationship could be that older adults have
become more self-accepting and may see depres-
sion as a normal part of aging. Similarly, it could
also imply that wealthy Canadians are more likely
to have access to fresh, healthy foods and pro-
grams that promote physical activity compared
with poorer ones.

We found a U-shaped relationship between BMI
and depression, this is in keeping with an earlier
report.® In contrast, the relationship between dia-
betes mellitus and BMI (overweight or obesity) was
positive. Those overweight or obese were at a
higher risk of diabetes mellitus. Similar findings
have been reported in other studies including
Chinese and Singaporean longitudinal studies.!4-16

In sex-stratified analyses, we found four shared
sex-specific risk factors for depression between
men and women. Being underweight, having
family stress, having a chronic disease, and heart
disease were all shared risk factors for depression
in both sexes. This is similar to findings reported
in the literature.5°

Two unique sex-specific risk factors for incident
major depressive disorder were for women.
Women that were hypertensive and smoke daily
were at a significantly increased risk of depression.
This was not true of men. These findings give cre-
dence to the existence of significant sex differences
in the risk factors for the major depressive disorder
in Canada which have also been reported in previ-
ous research.41-43 However, an Italian study found
no association between smoking and the incidence
of depression among either men or women, per-
haps reflecting cultural differences in cigarette
smoking patterns.4*

For the incidence of diabetes mellitus, shared sex-
specific risk factors were present for both men and
women. Increasing age, being nonwhite, high blood
pressure, smoking status, physical inactivity, and
BMI were shared risk factors. Heart disease was,
however, the only unique risk factor significantly
associated with diabetes mellitus among women
only and not for men. This finding possibly high-
lights the sex differences in heart disease treatment
and management in Canada. There is, therefore,
the need to improve detection, treatment, and
management of heart diseases among women and
also encourage them to adopt healthy lifestyles.

Our finding that self-reported BMI (overweight
or obesity) was a strong risk factor for incident
diabetes mellitus in both sexes has been reported
elsewhere.45:46 We also found high blood pressure
or hypertension was positively associated with
incident diabetes mellitus in both men and
women, which is somewhat at variance with an
earlier study that found high blood pressure was
associated with diabetes mellitus in men.4®
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We also found that physical inactivity was an
insignificant risk factor for diabetes mellitus in
both sexes. This is at variance to findings reported
by the MONICA Augsburg Cohort Study, which
found physical inactivity during leisure time to be
significantly associated with (80%) increased risk
of diabetes mellitus incidence in women.*® This
results shows the minimal differences in physical
inactivity between men and woman in Canada
although women are more likely to be physical
inactive than men.

We found that nonwhite women but not men
were at a statistically significant higher risk of
incident diabetes mellitus compared with their
white counterparts. This is consistent with earlier
results including the Atherosclerosis Risk in
Communities (ARIC) study where the greatest
disparity in diabetes mellitus incidence was found
between nonwhite and white individuals.47-4°
Previous studies also suggest that sex-specific risk
factors are more likely to contribute to greater risk
in diabetes mellitus incidence among nonwhite
women than white men.4%5°

Increasing age was an independent risk factor for
diabetes mellitus in both men and women.
However, the effect was more prominent in
women than men and confirms an earlier study in
the literature.*® In summary, our results show
that although risk factors for diabetes mellitus
were not generally different between men and
women, their respective effects on diabetes mel-
litus incidence were more pronounced in women
compared with men.

Strengths and weaknesses

The major strength of this study is the use of a
nationally representative relatively large longitu-
dinal population-based professionally conducted
survey with a 10-year follow-up period to meas-
ure the shared disease risk factors for depression
and diabetes mellitus incidence. The survey also
examined sex disparities in the risk factors for
depression and diabetes mellitus in the same
population.

However, this study has limitations. In the =45
years age group studied, there was a significant
attrition. The attrition rate during the follow-up
period was relatively high and could underesti-
mate the cumulative incidence of depression and
diabetes mellitus owing to attrition bias. In

addition, some other potential risk factors such as
childhood maltreatment particularly for depres-
sion were not assessed in the NPHS study.

In addition, the NPHS study was restricted to
only residents in the 10 provinces of Canada.
Residents in the three northern territories pre-
dominantly occupied by indigenous Canadians
were excluded and this could possibly explain the
large sample size of the white ethnicity compared
with other ethnicities. This is also a major weak-
ness of the study as this could result in selection
bias.

Furthermore, the age of our dataset is a major
limitation of this study. We described risk factors
for depression and diabetes mellitus as of 14 years
ago. There is the likelihood that a number of soci-
etal changes have occurred over this period.
Factors such as changes in diagnostic criteria for
depression, lifestyle or behavioral factors, and
health seeking behaviors might have changed over
the years.

This study did not include other important risk
factors for diabetes mellitus such as waist-to-hip
circumference, cholesterol level, and low-density
lipoprotein cholesterol level. This is because data
on these risk factors were not collected in the
NPHS study. This may have biased the results in
the direction of the reported risk factors com-
pared with those that were not reported. Overall,
the above limitations may have skewed the results
resulting in under-reporting of the two chronic
conditions.

Conclusion

This study has demonstrated that hypertension,
daily smoking, physical inactivity, and overweight
or obesity are shared disease risk factors for both
depression and diabetes mellitus. The findings
have also demonstrated the effect of sex differ-
ences in both of these diseases. Our stratified
analyses have shown that being underweight, hav-
ing family stress, having a chronic disease and
heart disease are all shared sex-specific risk fac-
tors for major depressive disorder in both sexes.
On the other hand, increasing age, being non-
white, high blood pressure, daily smoking, physi-
cal inactivity, and overweight or obesity were
shared sex-specific risk factors associated with an
increased risk of incident diabetes mellitus in
both men and women. From a prevention point
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of view, the results of this study strengthened the
importance of public health prevention programs
targeting general risk behaviors that are not spe-
cific to a particular disease but in fact are impli-
cated in the genesis of a range of chronic diseases.
The scientific and clinical relevance of these find-
ings is that the shared disease risk factors found in
this study are for important chronic conditions
that are on the rise globally including Canada and
that effective and early public health primary pre-
vention strategies are essential. Sex differences
should be taken into consideration in rolling out
such prevention strategies. In addition, future
research should concentrate on and adopt popu-
lation-based primary prevention intervention
studies to reduce the prevalence of modifiable risk
factors for depression and diabetes mellitus.
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