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Depression, diabetes and immigration status: a retrospective
cohort study using the Canadian Longitudinal Study on Aging

Doaa Farid MA RD, Patricia Li MD MSc, Deborah Da Costa PhD, Waqqas Afift MD MSc,
Jason Szabo MD PhD, Kaberi Dasgupta MD MSc, Elham Rahme PhD

Background: A bidirectional association between depression and diabetes exists, but has not been evaluated in the context of immi-
grant status. Given that social determinants of health differ between immigrants and nonimmigrants, we evaluated the association
between diabetes and depression incidence, depression and diabetes incidence, and whether immigrant status modified this associ-
ation, among immigrants and nonimmigrants in Canada.

Methods: We employed a retrospective cohort design using data from the Canadian Longitudinal Study on Aging Comprehensive
cohort (baseline [2012—2015] and 3-year follow-up [2015-2018]). We defined participants as having diabetes if they self-reported it or
if their glycated hemoglobin A, level was 7% or more; we defined participants as having depression if their Center for Epidemiologi-
cal Studies Depression score was 10 or higher or if they were currently undergoing depression treatment. We excluded those with
baseline depression (Cohort 1) and baseline diabetes (Cohort 2) to evaluate the associations between diabetes and depression inci-
dence, and between depression and diabetes incidence, respectively. We constructed logistic regression models with interaction by
immigrant status.

Results: Cohort 1 (n = 20 723; mean age 62.7 yr, standard deviation [SD] 10.1 yr; 47.6% female) included 3766 (18.2%) immigrants.
Among immigrants, 16.4% had diabetes, compared with 15.6% among nonimmigrants. Diabetes was associated with an increased risk of
depression in nonimmigrants (adjusted odds ratio [OR] 1.27, 95% confidence interval [CI] 1.08-1.49), but not in immigrants (adjusted
OR 1.12, 95% CI 0.80-1.56). Younger age, female sex, weight change, poor sleep quality and pain increased depression risk. Cohort 2
(n = 22 054; mean age 62.1 yr, SD 10.1 yr; 52.2% female) included 3913 (17.7%) immigrants. Depression was associated with an
increased risk of diabetes in both nonimmigrants (adjusted OR 1.39, 95% CI 1.16—1.68) and immigrants (adjusted OR 1.60, 95% CI 1.08—
2.37). Younger age, male sex, waist circumference, weight change, hypertension and heart disease increased diabetes risk.

Interpretation: We found an overall bidirectional association between diabetes and depression that was not significantly modified
by immigrant status. Screening for diabetes for people with depression and screening for depression for those with diabetes
should be considered.

creening for diabetes and depression is recommended

in recently arrived immigrants.! In addition, given

some evidence for a bidirectional association between
diabetes and depression in the general population,’” ongo-
ing surveillance for diabetes may be relevant in the context
of depression and, likewise, ongoing surveillance for depres-
sion may be justified with people with diabetes, particularly
among immigrants.

Immigrants may be particularly vulnerable to the devel-
opment of diabetes and depression®? owing to factors associ-
ated with resettlement, such as acculturation, stress and
social and economic challenges.>!*"7 For example, studies
have reported that immigrants from South Asian countries
are generally healthy upon arrival but rapidly develop diabe-
tes after immigration.'®!” Studies have also reported that
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immigrants with diabetes are at higher risk of depression
than the general host population®’ and the population in
their country of origin.!**** Conversely, immigrants with
depression may also be at high risk of diabetes because of
complex social determinants of health!!®1%2¢ and delayed
diagnosis of and treatment for diabetes;”’=*! use of antide-
pressants may also increase diabetes risk.’?*
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To explore the bidirectional association between diabetes
and depression in the context of immigrant status, we evaluated
the association between diabetes and depression incidence, the
association between depression and diabetes incidence, and
whether immigration status modified this association, among
immigrants and nonimmigrants in Canada.

Study design
We used a retrospective cohort design to evaluate the association
between diabetes and depression incidence (Cohort 1) and the
association between depression and diabetes incidence (Cohort 2).
We used data from the Canadian Longitudinal Study on
Aging (CLSA) Comprehensive cohort at baseline (2012-
2015) and 3-year follow-up (2015-2018) to construct our
study cohorts.**** The paper was reported according to the
Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) checklist.*

Data source and population
The CLSA Comprehensive cohort included community-
dwelling individuals, aged 45-85 years, who were randomly
selected from within a 25-km radius of 11 sites in cities across
Canada using the provincial health care registration databases
and random digit dialing of landline telephones.** Participants
provided demographic, social, physical, clinical, psychological
and economic data at baseline and at 3-year follow-up
through an in-person interview, on-site physical examinations
and blood and urine collection. Details about the CLSA’s
sampling, design and data collection have been published.’**
We defined participants as having diabetes if they self-
reported a diagnosis with any type of diabetes (i.e., answered
yes to “Has a doctor ever told you that you have diabetes, bor-
derline diabetes or that your blood sugar is high?”) or if their
glycated hemoglobin (HbA,) level was 7% or more. We
defined participants as having depression if their Center for
Epidemiological Studies Depression-10 Scale (CES-D-10)
score was 10 or higher or if they self-reported being currently
treated for depression.’’* For both Cohort 1 and Cohort 2,
we excluded participants missing information on immigration,
depression or diabetes at baseline. In addition, for Cohort 1,
we excluded those with baseline depression and those with
missing depression status in follow-up; for Cohort 2, we
excluded those with baseline diabetes and those with missing
diabetes status in follow-up. The CLSA defined immigrants
using 2 questions: “In what country were you born?” and “In
what year did you first come to Canada to live?”*!

Exposure and outcomes

Our outcomes were depression incidence for Cohort 1 and
diabetes incidence for Cohort 2, assessed using the 3-year
follow-up data. Depression was defined the same at follow-up
as at baseline, but diabetes in follow-up was based only on
self-report because HbA,, data were unavailable at that time
point. The main exposure variables were baseline diabetes for
Cohort 1 and baseline depression for Cohort 2.
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Baseline characteristics
The baseline characteristics for Cohort 1 and Cohort 2
included those previously associated with both diabetes and
depression, namely self-reported predisposing sociodemo-
graphic and socioeconomic factors, medical conditions and
lifestyle choices, as well as anthropomorphic measurements
and blood assessments. The predisposing sociodemographic
and socioeconomic factors included sex, age, ethnic or racial
background, immigration status, time since migration, marital
status, language most spoken at home, household income,
employment status, education, province and place of residence.
The place of residence classification (urban or rural) was
derived by the CLSA based on Statistics Canada’s Postal Code
Conversion File, whereby rural areas were those with a total
population of fewer than 10 000 people.* The medical condi-
tions included pain,® cancer,* arthritis,* bowel disorders* and
hypertension.? The lifestyle choices included perceived health,
sleep satisfaction, alcohol consumption, smoking status and
nutritional risk. The anthropomorphic measurements and
blood assessments included body mass index, waist circumfer-
ence,* weight change® and vitamin D deficiency.’®! Details
on these baseline characteristics are provided in Appendix 1,
available at www.cmajopen.ca/content/10/2/E508/suppl/DCI.
In addition, we assessed self-reported comorbidities associ-
ated with depression, including heart disease,’>** kidney dis-
ease’ and iron deficiency,’*’¥ for Cohort 1; we considered
participant lipid profiles (assessed from blood tests)’® and lean
and fat mass (measured with dual-energy x-ray absorptiome-
try)*’ for Cohort 2.

Statistical analysis

For each cohort, we computed descriptive statistics with
means and standard deviations (SDs) for continuous variables
and counts with percentages for categorical variables, by
immigration and baseline diabetes statuses (Cohort 1) or by
immigration and baseline depression statuses (Cohort 2).

Among immigrants and nonimmigrants, we compared
baseline characteristics by baseline diabetes status (Cohort 1)
or by baseline depression status (Cohort 2) using multivari-
able logistic regression models. We used these models to
evaluate the associations between baseline diabetes and the
risk of depression at 3 years in Cohort 1 and between depres-
sion at baseline and the risk of 3-year diabetes in Cohort 2.
To assess the effect modification by immigration status, we
included interaction terms for diabetes and immigration sta-
tus and for depression and immigration status in the models
for Cohort 1 and Cohort 2, respectively.

The baseline characteristics listed above were considered for
inclusion in the multivariable model. Immigration status, sex and
age were forced in all models. We removed other variables that
were not significant (p > 0.5), did not affect the Bayesian Infor-
mation Criterion upon inclusion and did not modify the effect of
the main exposure variable by more than 10%.%*** To make the
estimates generalizable to the Canadian population, we used the
CLSA analytical sample weights and geographic strata informa-
tion in the regression analyses.®”¢! Results were expressed in

odds ratios (ORs) and 95% confidence intervals (Cls).
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We also conducted sensitivity analyses. First, we defined
baseline diabetes solely by the self-reported physician diag-
nosis and repeated the main analyses for Cohort 1. Second,
we conducted the main analyses excluding individuals with
missing variables. We repeated these analyses using multi-
ple imputations to impute missing information using the
Markov Chain Monte Carlo method, as implemented in
SAS Proc MIL.% Five imputed data sets were generated
based on all baseline characteristics. The results from these
data sets were combined using Rubin’s rules,®® as imple-
mented by SAS Proc MIANALYZE. We performed all sta-
tistical analyses using SAS version 9.4 (SAS Institute).

Ethics approval
Ethics approval was provided by the McGill University
Health Centre Research Ethics Board.

Diabetes at baseline and risk of depression at 3 years
Cohort 1 included 20723 individuals (Figure 1), including
3766 (18.2%) immigrants. Among immigrants, 616 (16.4%)
had diabetes at baseline, compared with 2639 (15.6%) among

nonimmigrants (Table 1). In general, baseline characteristics
that differed between individuals with or without baseline dia-
betes were similar in immigrants and nonimmigrants (Appen-
dix 1, Table 1).

Overall, 339 (10.4%) of people with diabetes had depression
at 3 years, compared with 1465 (8.4%) people without diabetes.
Among immigrants and nonimmigrants, respectively, 60 (9.7%)
and 279 (10.6%) of those with baseline diabetes had depression
at 3 years, compared with 265 (8.4%) and 1200 (8.4%), respec-
tively, of those without baseline diabetes (Table 2).

In multivariable logistic regression models (T'able 2), indi-
viduals with baseline diabetes had 18% higher odds of depres-
sion at 3 years than those without baseline diabetes (adjusted
OR 1.18, 95% CI 1.01-1.37). Among nonimmigrants, base-
line diabetes was associated with 27% increased odds of
depression at 3 years (adjusted OR 1.27, 95% CI 1.08-1.49),
whereas no significant association was observed among immi-
grants (adjusted OR 1.12, 95% CI 0.80-1.56).

Depression at 3 years was associated with being female, liv-
ing with pain, current smoking (v. past or never), weight change
in the previous year (loss or gain), living in Quebec (v. Ontario
or British Columbia), being younger (45-60 v. 61-70 yr) and
not being satisfied with sleep (Appendix 1, Table 3).

CLSA Comprehensive cohort participants n = 30 097
(immigrants n = 5450, nonimmigrants n = 24 644,
unknown immigration status n = 3)

A

Excluded: withdrawn or no data at follow-up n = 2335
(immigrants n = 465, nonimmigrants n = 1867,
unknown immigration status n = 3)

Individuals with data at baseline and follow-up
n=27762

Excluded: Depression or missing
data on depression at baseline
(n = 6251) or missing data on
diabetes at baseline (n = 16)

Y

I—— Excluded: Diabetes or missing data
on diabetes at baseline (n = 4867)
or missing data on depression at
baseline (n = 53)

Y

Individuals eligible for Cohort 1:
association between baseline diabetes
and depression in follow-up n =21 495

Individuals eligible for Cohort 2:
association between baseline depression
and diabetes in follow-up n =22 842

Excluded: Missing data on
depression at follow-up n =772

Y

Cohort 1 n=20723
(immigrants n = 3766,
nonimmigrants n = 16 957)

—— Excluded: Missing data on
diabetes at follow-up n =788

Y
Cohort2 n =22 054

(immigrants n = 3913,
nonimmigrants n =18 141)

Figure 1: Flow chart of study cohorts. Note: CLSA = Canadian Longitudinal Study on Aging.
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Table 1 (part 1 of 2): Baseline characteristics of Cohort 1 individuals with and without baseline diabetes by immigration status

Nonimmigrant

No. (%) of participants
with diabetes

No. (%) of participants
without diabetes

No. (%) of participants
with diabetes

No. (%) of participants
without diabetes

Characteristic n=616 n = 3150 n =2639 n=14318
Age, yr
45-60 141 (22.9) 1173 (37.2) 893 (33.8) 7050 (49.2)
61-70 236 (38.3) 1050 (33.3) 969 (36.7) 4224 (29.5)
71-85 239 (38.8) 927 (29.4) 777 (29.4) 3044 (21.3)
Sex
Male 408 (66.2) 1743 (55.3) 1551 (58.8) 7167 (50.1)
Female 208 (33.8) 1407 (44.7) 1088 (41.2) 7151 (49.9)
Marital status
Single 27 (4.4) 149 (4.7) 234 (8.9) 1176 (8.2)
Married 455 (73.9) 2405 (76.3) 1834 (69.5) 10407 (72.7)
Widowed, divorced or separated 134 (21.8) 595 (18.9) 571 (21.6) 2731 (19.1)
Missing - 1(0.0) - 4 (0.0)
Language most spoken at home
French 31 (5.0) 205 (6.5) 541 (20.5) 3171 (22.1)
English 492 (79.9) 2597 (82.4) 2092 (79.3) 11114 (77.6)
Other 55 (8.9) 254 (8.1) 3(0.1) 17 (0.2)
Missing 38 (6.2) 94 (3.0) 3(0.1) 16 (0.1)
Ethnic or racial background
White 464 (75.3) 2640 (83.8) 2596 (98.4) 14166 (98.9)
Black 36 (5.8) 89 (2.8) 8(0.3) 19 (0.1)
South Asian 50 (8.1) 122 (3.9) 0(0.0) 6 (0.0)
Chinese 24 (3.9) 107 (3.4) 8(0.3) 37 (0.3)
Other 42 (6.8) 188 (6.0) 25 (0.9) 80 (0.6)
Missing - 4(0.1) 2(0.1) 10 (0.1)
Years since arrival to Canada
<20 42 (6.8) 396 (12.6) - -
20-40 162 (26.3) 781 (24.8) - -
> 40 412 (66.9) 1973 (62.6) - -
Total household income, $
< 20000 29 (4.7) 82 (2.6) 140 (5.3) 432 (3.0)
20000-50000 141 (22.9) 589 (18.7) 641 (24.3) 2435 (17.0)
50000-100000 245 (39.8) 1076 (34.2) 927 (35.1) 4786 (33.4)
> 100000 163 (26.5) 1180 (37.5) 779 (29.5) 5855 (40.9)
Missing 38 (6.1) 223 (7.0) 152 (5.8) 810 (5.7)
Working status
Employed 158 (25.6) 1333 (42.3) 826 (31.3) 6368 (44.5)
Unemployed 29 (4.7) 111 (3.5) 72 (2.7) 468 (3.3)
Retired 429 (69.6) 1699 (54.0) 1732 (65.6) 7453 (52.1)
Missing - 7 (0.2) 9(0.3) 29 (0.2)
Education level
Less than secondary school 20 (3.2) 77 (2.4) 188 (7.1) 590 (4.1)
Secondary school 51 (8.3) 195 (6.2) 316 (12.0) 1275 (8.9)
Postsecondary degree or diploma 541 (87.8) 2870 (91.1) 2134 (80.9) 12436 (86.9)
Missing 4 (0.6) 8(0.3) 1(0.0) 17 (0.1)
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Table 1 (part 2 of 2): Baseline characteristics of Cohort 1 individuals with and without baseline diabetes by immigration status

No. (%) of participants
with diabetes

No. (%) of participants
without diabetes

No. (%) of participants
with diabetes

No. (%) of participants
without diabetes

Characteristic n=616 n = 3150 n =2639 n=14318
Place of residence*
Rural 58 (9.4) 310 (9.8) 365 (13.8) 1849 (12.9)
Urban 551 (89.4) 2799 (88.9) 2239 (84.8) 12303 (85.9)
Missing 7 (1.1) 41 (1.3) 35 (1.4) 166 (1.2)
Province
Quebec 65 (10.6) 365 (11.6) 536 (20.3) 3199 (22.3)
British Columbia 189 (30.7) 996 (31.6) 538 (20.4) 2736 (19.1)
Ontario 169 (27.4) 869 (27.6) 551 (20.9) 2920 (20.4)
Othert 193 (31.3) 920 (29.2) 1014 (38.4) 5463 (38.2)
Medical conditionst
Living with pain 226 (36.7) 944 (30.0) 1055 (40.0) 4260 (29.8)
Bowel disorders 41 (6.7) 227 (7.2) 224 (8.5) 1135 (7.9)
Arthritis 16 (2.6) 83 (2.6) 109 (4.1) 355 (2.5)
Heart disease 370 (60.1) 1007 (32.0) 1552 (58.8) 4353 (30.4)
Kidney disease 36 (5.8) 66 (2.1) 111 (4.2) 292 (2.0)
Stroke 11 (1.8) 36 (1.1) 65 (2.5) 157 (1.1)
Cancer 95 (15.4) 475 (15.1) 465 (17.6) 2005 (14.0)
Hypertension 355 (57.6) 1081 (34.3) 1530 (58.0) 4851 (33.9)
Anxiety disorder 17 (2.8) 109 (3.5) 137 (5.2) 606 (4.2)
Alcohol consumption
Never 92 (14.9) 309 (9.8) 340 (12.9) 1209 (8.4)
About once a month 141 (22.9) 514 (16.3) 608 (23.0) 2255 (15.7)
2—4 times a month 115 (18.7) 576 (18.3) 588 (22.3) 3160 (22.1)
> 2 times a week 239 (38.8) 1641 (52.1) 1031 (39.1) 7433 (51.9)
Missing 29 (4.7) 110 (3.5) 72 (2.7) 261 (1.8)
Smoking status
Nonsmoker 297 (48.2) 1691 (53.7) 1088 (41.2) 7184 (50.2)
Former smoker 275 (44.6) 1291 (41.0) 1348 (51.1) 6029 (42.1)
Smoker 44 (71) 168 (5.3) 203 (7.7) 1105 (7.7)
Sleep quality
Satisfied or very satisfied 373 (60.6) 2014 (63.9) 1615 (61.2) 9114 (63.7)
Neutral 116 (18.8) 513 (16.3) 388 (14.7) 2158 (15.1)
Dissatisfied or very dissatisfied 127 (20.6) 617 (19.6) 635 (24.1) 3038 (21.2)
Missing - 6 (0.2) 1(0.0) 8 (0.1)
Nutritional risk status
Low risk 394 (64.0) 2256 (71.6) 1577 (59.8) 10 128 (70.7)
High risk 201 (32.6) 796 (25.3) 1008 (38.2) 3919 (27.4)
Missing 21 (3.4) 98 (3.1) 54 (2.0) 271 (1.9)
Weight classification§
Normal weight 112 (18.2) 1193 (37.9) 383 (14.5) 4827 (33.7)
Overweight 248 (40.3) 1312 (41.7) 967 (36.6) 6086 (42.5)
Obese 253 (41.1) 638 (20.3) 1277 (48.4) 3365 (23.5)
Missing 3(0.5) 7(0.2) 12 (0.5) 40 (0.3)

*The place of residence classification (urban or rural) was derived by CLSA based on Statistics Canada’s Postal Code Conversion File, which defines rural areas as those
with a total population of fewer than 10 000 people.

tOther provinces are Alberta, Manitoba, Nova Scotia, Prince Edward Island, Newfoundland and Labrador, and Saskatchewan.

tMissing data on medical conditions: living with pain (n = 262, 1.3%), bowel disorders (n = 49, 0.2%), arthritis (n = 168, 0.8%), heart disease (n = 27, 0.1%), kidney disease
(n =41, 0.2%), stroke (n = 35, 0.2%), cancer (n = 19, 0.1%), hypertension (n = 2472, 11.9%), anxiety disorder (n = 25, 0.1%).

§Based on body mass index international classification for adults aged > 18 years.
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Table 2: Three-year incidence and risk of depression, stratified by immigration and diabetes status

No. (%) of participants

Weighted OR (95% CI)*

Diabetes v. no diabetes

Interaction effect of immigration
status and diabetes at baseline

Immigrant with diabetes v.
immigrant without diabetes

Immigrant with diabetes v.
nonimmigrant with diabetes

Immigrant without diabetes v.
nonimmigrant without diabetes

Nonimmigrant with diabetes v.
nonimmigrant without diabetes

Variable Depression depr':lagsion Total Crude Adjusted
Immigrant

Diabetes 60 (9.7) 556 (90.3) 616 1.19 (0.86-1.65)

No diabetes 265 (8.4) 2885 (91.6) 3150
Nonimmigrant

Diabetes 279 (10.6) 2360 (89.4) 2639 1.35 (1.15-1.57)

No diabetes 1200 (8.4) 13035 (91.6) 14318

1.18 (1.01-1.37)

1.12 (0.80-1.56)

1.01 (0.72-1.41)

1.15 (0.98-1.35)

1.27 (1.08-1.49)

Note: Cl = confidence interval, OR = odds ratio.

model is available in Appendix 1, Table 2.

*The model included all the variables listed in Appendix 1, Table 1. Immigration status, sex and age were forced in all models. We removed other
variables that were not significant (p > 0.5), which did not affect the Bayesian Information Criterion upon inclusion and which did not modify the
effect of the main exposure variable by more than 10%. Survey weights were provided by the Canadian Longitudinal Study on Aging. The full

Depression at baseline and risk of diabetes at 3 years
Cohort 2 included 22 054 individuals (Figure 1), including 3913
(17.7%) immigrants (Table 3). Among immigrants, 762 (19.5%)
had depression at baseline, compared with 3797 (20.9%) non-
immigrants. In general, baseline characteristics between individ-
uals with or without baseline depression were similar in immi-
grants and in nonimmigrants (Appendix 1, Table 4).

Overall, 311 (6.8%) individuals with depression at baseline
developed diabetes, compared with 837 (4.8%) of those with-
out depression (Table 4). Among immigrants and nonimmi-
grants, respectively, 54 (7.1%) and 257 (6.8%) of those with
depression at baseline developed diabetes, compared with 144
(4.6%) and 693 (4.8%) of those without depression at baseline.

In multivariable logistic regression models (Table 4), those
with depression at baseline had 43% higher odds to develop
diabetes than those without depression (adjusted OR 1.43,
95% CI 1.21-1.68). Among nonimmigrants, depression was
associated with 39% increased odds of diabetes (adjusted
OR 1.39, 95% CI 1.16-1.68); among immigrants, depression
was associated with a 60% increased odds of diabetes
(adjusted OR 1.60, 95% CI 1.08-2.37).

Opverall, diabetes at 3 years was associated with being male,
being younger (45-60 v. 71-85 yr), having hypertension, hav-
ing heart disease, high waist circumference and weight change
(v. same weight) (Appendix 1, Table 3).

Results of both sensitivity analyses were similar to those of

the main analyses (Appendix 1, Table 2, Table 5, Table 6).

Our study provides evidence for a bidirectional association
between diabetes and depression in the population aged
45 years and older. Overall, diabetes at baseline was associ-
ated with an increased risk of depression at 3-year follow-
up, and depression at baseline was associated with an
increased risk of diabetes at 3-year follow-up. In general,
immigration status did not modify these risks in either
direction. Specifically, although depression was associated
with 39% and 60% increased odds of diabetes among non-
immigrants and immigrants, respectively, the overlapping
95% Cls did not suggest a conclusive modifying effect by
immigration status. Moreover, although diabetes at base-
line was associated with 27% increased odds of depression
among nonimmigrants and a nonsignificant increase by
12% among immigrants, a modification effect by immigra-
tion status could not be concluded.

We had expected to observe differences in the bidirec-
tional relation between diabetes and depression by immigra-
tion status because of the complex social determinants of
health and stressors? that immigrants live with and how these
may potentially be associated with low-grade inflamma-
tion.*% The lack of effect modification by immigration status
in the diabetes—depression relation in our study may perhaps
be explained by the resilience of immigrants in their dynamic
process of positive adaptation.?*¢”

CMAJ OPEN, 10(2)  E513



OPEN

Table 3 (part 1 of 2): Baseline characteristics of Cohort 2 individuals with and without depression by immigration status

Immigrant Nonimmigrant

No. (%) of participants No. (%) of participants No. (%) of participants No. (%) of participants

with depression without depression with depression without depression

Characteristic n=762 n=23151 n=3797 n=14344
Age, yr

45-60 325 (42.7) 1173 (37.2) 1941 (51.1) 7053 (49.2)

61-70 235 (30.8) 1048 (33.3) 1087 (28.6) 4228 (29.5)

71-85 202 (26.5) 930 (29.5) 769 (20.3) 3063 (21.4)
Sex

Male 266 (34.9) 1741 (55.3) 1351 (35.6) 7175 (50.0)

Female 496 (65.1) 1410 (44.7) 2446 (64.4) 7169 (50.0)
Marital status

Single 68 (8.9) 149 (4.7) 485 (12.8) 1178 (8.2)

Married 465 (61.0) 2403 (76.3) 2223 (58.5) 10417 (72.6)

Widowed, divorced or separated 227 (29.8) 598 (19.0) 1088 (28.7) 2745 (19.1)

Missing 2(0.3) 1 (0.0) 1 (0.0) 4 (0.0)
Language most spoken at home

French 65 (8.5) 205 (6.5) 925 (24.4) 3174 (22.1)

English 597 (78.3) 2598 (82.5) 2861 (75.3) 11137 (77.6)

Other 58 (7.6) 254 (8.1) 7(0.2) 17 (0.1)

Missing 42 (5.5) 94 (3.0) 4(0.1) 16 (0.1)
Ethnic or racial background

White 629 (82.5) 2641 (83.8) 3758 (99.0) 14191 (98.9)

Black 24 (3.1) 89 (2.8) 8(0.2) 19 (0.1)

South Asian 36 (4.7) 122 (3.9) 2(0.1) 6 (0.0)

Chinese 17 (2.2) 107 (3.4) 7(0.2) 37 (0.3)

Other 53 (7.0) 188 (6.0) 20 (0.5) 81 (0.6)

Missing 3(0.4) 4(0.1) 2(0.1) 10 (0.1)
Years since arrival to Canada

<20 112 (14.7) 395 (12.5) - -

20-40 190 (24.9) 783 (24.8) - -

> 40 460 (60.4) 1973 (62.6) - -
Total household income, $

< 20000 57 (7.5) 82 (2.6) 332 (8.7) 436 (3.0)

20000-50000 208 (27.3) 591 (18.8) 923 (24.3) 2443 (17.0)

50000-100000 246 (32.3) 1075 (34.1) 1217 (32.1) 4794 (33.4)

> 100000 194 (25.5) 1180 (37.4) 1088 (28.7) 5854 (40.8)

Missing 57 (7.5) 223 (7.1) 237 (6.2) 817 (5.7)
Working status

Employed 297 (39.0) 1332 (42.3) 1510 (39.8) 6373 (44.4)

Unemployed 71 (9.3) 111 (3.5) 313 (8.2) 468 (3.3)

Retired 393 (51.6) 1701 (54.0) 1964 (51.7) 7474 (52.1)

Missing 1(0.1) 7(0.2) 10 (0.3) 29 (0.2)
Education level

Less than secondary school 30 (3.9) 76 (2.4) 260 (6.8) 595 (4.1)

Secondary school 64 (8.4) 196 (6.2) 367 (9.7) 1278 (8.9)

Postsecondary degree or diploma 664 (87.1) 2871 (91.1) 3166 (83.4) 12454 (86.8)

Missing 4 (0.5) 8 (0.3) 4(0.1) 17 (0.1)
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Table 3 (part 2 of 2): Baseline characteristics of Cohort 2 individuals with and without depression by immigration status

Immigrant Nonimmigrant
No. (%) of participants No. (%) of participants No. (%) of participants No. (%) of participants
with depression without depression with depression without depression
Characteristic n =762 n=3151 n=3797 n=14344
Place of residence*
Rural 75(9.8) 310 (9.8) 453 (11.9) 1850 (12.9)
Urban 674 (88.5) 2800 (88.9) 3293 (86.7) 12328 (85.9)
Missing 13 (1.7) 41 (1.3) 51 (1.3) 166 (1.2)
Province
Quebec 111 (14.6) 365 (11.6) 922 (24.3) 3204 (22.3)
British Columbia 227 (29.8) 995 (31.6) 665 (17.5) 2735 (19.1)
Ontario 223 (29.3) 872 (27.7) 855 (22.5) 2921 (20.4)
Othert 201 (26.4) 919 (29.2) 1355 (35.7) 5484 (38.2)
Medical conditionst
Living with pain 366 (48.0) 945 (30.0) 1904 (50.1) 4267 (29.7)
Bowel disorders 105 (13.8) 227 (7.2) 582 (15.3) 1136 (7.9)
Arthritis 28 (3.7) 83 (2.6) 160 (4.2) 354 (2.5)
Heart disease 280 (36.7) 1009 (32.0) 1442 (38.0) 4364 (30.4)
Kidney disease 17 (2.2) 67 (2.1) 109 (2.9) 294 (2.0)
Stroke 15 (2.0) 37 (1.2) 67 (1.8) 157 (1.1)
Cancer 117 (15.4) 474 (15.0) 573 (15.1) 2012 (14.0)
Hypertension 283 (37.1) 1080 (34.3) 1457 (38.4) 4870 (34.0)
Anxiety disorder 119 (15.6) 109 (3.5) 919 (24.2) 611 (4.3)
Alcohol consumption
Never 101 (13.3) 310 (9.8) 528 (13.9) 1218 (8.5)
About once a month 171 (22.4) 512 (16.2) 756 (19.9) 2259 (15.7)
2—-4 times a month 150 (19.7) 574 (18.2) 827 (21.8) 3166 (22.1)
> 2 times a week 310 (40.7) 1645 (52.2) 1625 (42.8) 7436 (51.8)
Missing 30 (3.9) 110 (3.5) 61 (1.6) 265 (1.8)
Smoking status
Nonsmoker 377 (49.5) 1690 (53.6) 1644 (43.3) 7200 (50.2)
Former smoker 315 (41.3) 1293 (41.0) 1690 (44.5) 6040 (42.1)
Smoker 70 (9.2) 168 (5.3) 463 (12.2) 1104 (7.7)
Sleep quality
Satisfied or very satisfied 339 (44.5) 2014 (63.9) 1692 (44.6) 9133 (63.7)
Neutral 132 (17.3) 513 (16.3) 588 (15.5) 2162 (15.1)
Dissatisfied or very dissatisfied 291 (38.2) 618 (19.6) 1512 (39.8) 3041 (21.2)
Missing - 6 (0.2) 5(0.1) 8(0.1)
Nutritional risk status
Low risk 381 (50.0) 2256 (71.6) 1772 (46.7) 10147 (70.7)
High risk 356 (46.7) 797 (25.3) 1941 (51.1) 3924 (27.4)
Missing 25 (3.3) 98 (3.1) 84 (2.2) 273 (1.9)
Weight classification§
Normal weight 264 (34.6) 1194 (37.9) 1205 (31.7) 4838 (33.7)
Overweight 310 (40.7) 1313 (41.7) 1423 (37.5) 6094 (42.5)
Obese 184 (24.1) 637 (20.2) 1144 (30.1) 3372 (28.5)
Missing 4(0.5) 7(0.2) 25(0.7) 40 (0.3)

*The place of residence classification (urban or rural) was derived by CLSA based on Statistics Canada’s Postal Code Conversion File, which defines rural areas as those
with a total population of fewer than 10000 people.

tOther provinces are Alberta, Manitoba, Nova Scotia, Prince Edward Island, Newfoundland and Labrador, and Saskatchewan.

IMissing data on medical conditions: living with pain (n = 293, 1.3%), bowel disorders (n = 51, 0.2%), arthritis (n = 197, 0.9%), heart disease (n = 33, 0.1%), kidney disease
(n =44, 0.2%), stroke (n = 37, 0.2%), cancer (n = 25, 0.1%), hypertension (n = 2438, 11.0%), anxiety disorder (n = 44, 0.2%).

§Based on body mass index international classification for adults aged > 18 years.
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Table 4: Three-year incidence and risk of diabetes, stratified by immigration and depression status

No. (%) of participants

Weighted OR (95% CI)*

Depression v. no depression

Interaction effect of immigrant status and
depression at baseline

Immigrant with depression v.
immigrant without depression

Immigrant with depression v.
nonimmigrant without depression

Immigrant without depression v.
nonimmigrant without depression

Nonimmigrant with depression v.
nonimmigrant without depression

Variable Diabetes No diabetes Total Crude Adjusted
Immigrant

Depression 54 (7.1) 708 (92.9) 762 1.66 (1.16—2.39)

No depression 144 (4.6) 2970 (95.4) 3151
Nonimmigrant

Depression 257 (6.8) 3540 (93.2) 3797 1.55 (1.31-1.82)

No depression 693 (4.8) 13651 (95.2) 14344

1.43 (1.21-1.68)

1.60 (1.08—2.37)

1.10 (0.76-1.58)

0.96 (0.76-1.21)

1.39 (1.16-1.68)

Note: Cl = confidence interval, OR = odds ratio.

available in Appendix 1, Table 2.

*The model included all the variables listed in Appendix 1, Table 3. Immigration status, sex and age were forced in all models. We removed other
variables that were not significant (p > 0.5), which did not affect the Bayesian Information Criterion upon inclusion and which did not modify the effect
of the main exposure variable by more than 10%. Survey weights were provided by the Canadian Longitudinal Study on Aging. The full model is

We did not find any published study that assessed depression
incidence in immigrants and nonimmigrants with or without
diabetes. Results from 2 meta-analyses evaluating the association
between diabetes and depression incidence found a 24%
increased risk of depression among people with diabetes, similar
to our finding for immigrants and nonimmigrants combined.’*%
Higher risks of depression were also reported, with increased
risks of macrovascular and microvascular complications of dia-
betes.”” However, this could not be investigated in our study as
diabetes complications were not specifically available in our data.

We found that nonimmigrants with diabetes were at
27% increased odds of depression at 3 years, whereas we
did not observe a significant difference among immigrants.
Most of the immigrants in our cohorts were white and had
resided in Canada for more than 20 years, which may
explain the lack of association.”

In our study, the 43% increased risk of developing diabetes
in individuals with depression is close to the 34% increase in
pooled risk reported by a meta-analysis.®” The meta-analysis
included cohort, cross-sectional and case—control studies that
considered both prevalent and incident diabetes, in contrast to
our study, which considered only incident diabetes. The
increased risk of diabetes among people with depression has
been attributed to lack of compliance with dietary and weight
loss recommendations.”” Furthermore, antidepressant use may
affect cortisol pathways that stimulate weight gain, and in turn
lead to diabetes.’>** Risk factors for diabetes in our study were
similar to those reported in other studies.”*”*
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Among individuals older than 45 years, regardless of immi-
gration status, we suggest that clinicians screen for depression
in those with diabetes and for diabetes in those with depres-
sion as early detection may prevent complications. This sug-
gestion is supported by the Canadian Collaboration for Immi-
grant and Refugee Health clinical guideline."”

Limitations

Strengths of our study include the use of high-quality data from
the carefully designed, longitudinal, population-based CLSA
database. Our study also used a longitudinal design and direct
measurement of depressive symptoms (CES-D-10) or treatment
for depression, and diabetes (self-reported diagnosis and HbA,,
at baseline). Nonetheless, it has some limitations. Although we
used survey weights in our analyses, participation bias cannot be
ruled out.”¢ In addition, the CES-D-10 tool and the definition
of diabetes use self-reported information that come with mea-
suring errors and information bias.” These errors may have dif-
fered between immigrants and nonimmigrants because of possi-
ble language barriers and culture-related social desirability.”
Furthermore, diabetes at follow-up was identified by self-report
only because CLSA laboratory data were not available at that
time point. However, this likely did not affect our results
because the proportion of people identified as having diabetes
solely by laboratory data is expected to be very small (about 2%
at baseline). Information on complications of diabetes was not
available in the database; poor glycemic control’”” and increased
risk of complications’ may increase the risk of depression.



We did not differentiate by diabetes type because about
half of participants declared not knowing their diabetes type
(reported neither type 1 nor type 2) and only 2.6% at baseline
and 0.6% in follow-up of people with diabetes at these time
points declared having type 1 diabetes. Around 87% and 63 %
of immigrants in our cohort were in Canada for more than
20 years and over 40 years, respectively. Therefore, generaliz-
ability of our results to recently arrived immigrants should be
done with caution. Despite the large overall sample size, con-
fidence intervals for interaction effects were wide, and thus
modest effect modification cannot be ruled out.

Finally, a small number (1.5%) of the CLSA participants
were not white, and hence, we were unable to evaluate ethnic
subgroups.**¢’ The proportion of immigrants and nonimmi-
grants in our study who were not white (z = 1140, 4.1%) was
lower than the proportion of visible minorities in Canada
(19.1%) reported in 2011.%° Population cohorts are based on
voluntary participation and participants may be different from
nonparticipants.*’ However, our study lacks information on
nonparticipants, and generalizability of our results to visible
minority groups should be done with caution.®

Conclusion

We found an overall bidirectional association between diabe-
tes and depression that was not significantly modified by
immigration status. Although the association between diabe-
tes and depression was statistically significant in both direc-
tions among nonimmigrants, only one direction (depression
predicting diabetes) was statistically significant among immi-
grants. Future studies should investigate the bidirectional
association of diabetes and depression among recently arrived
immigrants and those of visible minority groups.
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