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Background: Long-term cancer, cardiovascular disease, diabetes and osteoarthritis may increase the risk
of mental disorders, but which was more harmful and whether the associations differed between genders
is unclear.
Methods: We included 115,094 participants (54.3% women) aged 45-64 years from the 45 and Up Study
who were free of depression, anxiety, and Parkinson’s disease at baseline (2006-2009). The incidence of
depression and anxiety was identified using claim databases during follow-up until December 2016. Cox
regression models were used to examine the association of cancer, cardiovascular disease, diabetes, and
osteoarthritis at baseline with incident depression and anxiety.
Findings: During a mean eight-year follow-up (958,785 person-year), the cumulative incidence of depres-
sion and anxiety was 12.5% and 5.9% in the healthy population. Hazard ratios ([HRs] (95% CI) versus
healthy population) for incident depression associated with long-term cancer, cardiovascular disease, di-
abetes, and osteoarthritis were 1.19 (95% CI: 1.13-1.25), 1.08 (1.00-1.16)), 1.18 (1.09-1.28), and 1.94 (1.80-
2.10), respectively. The corresponding HRs (95% Cls) for incident anxiety were 1.11 (1.03-1.20), 1.26 (1.14-
1.39), 1.10 (0.98-1.24), and 2.01 (1.80-2.23), respectively. The positive association between cancer and
incident depression was more evident in men (HR (95% CI): 1.24 (1.13-1.35) than in women (1.14 (1.07-
1.21). Long-term diabetes was an independent risk factor for incident anxiety in men (1.21 (1.02-1.44)
but not in women (1.09 (0.93-1.28)).
Interpretation: Long-term osteoarthritis, cardiovascular disease, and cancer were independent risk factors
for incident depression and anxiety in both genders with osteoarthritis having the highest relative risk.
© 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Cardiovascular disease (CVD) and cancer were the two leading
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causes of global mortality in 2015, which accounted for 17.9 million
and 8.7 million deaths, respectively [1]. Death from diabetes rose
from ninth in 2006 to seventh in 2016 for men and from eighth
in 2006 to seventh in 2016 for women in the rank of the lead-
ing cause of death in Australia [2]. Although osteoarthritis is not a
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Research in context

Evidence before this study

A literature search was conducted at PubMed (up
to January 21, 2019) using the search terms *“cancer”,
“cardiovascular disease”, “diabetes”, or “osteoarthritis”
combined with “depression”, “anxiety”, or “mental dis-
orders” with no language restriction. Although cancer,
cardiovascular disease, diabetes, and osteoarthritis have
been individually linked to depression or anxiety, it is
unclear which condition is more harmful for mental
health or whether the association differed by genders.

Added values of this study

To our knowledge, this is the first study to comprehen-
sively examine the association of long-term cancer, cardio-
vascular disease, diabetes and osteoarthritis with incident
depression and anxiety at different time points of follow-
up in a community-dwelling population with a large sam-
ple size and long-term follow-up. This study also analysed
the association between physical conditions and incident de-
pression and anxiety in women compared with men. Dur-
ing follow-up (958,785 person-year), the cumulative inci-
dence of depression was 12.5% in healthy population and
15.1% (Hazard ratio [HR] (95% CI) VS healthy population:
1.19 (1.13-1.25)), 15.1% (1.08 (1.00-1.16)), 16.7% (1.18 (1.09-
1.28)), and 25.4% (1.94 (1.80-2.10)) in individuals with cancer,
cardiovascular disease, diabetes, and osteoarthritis, respec-
tively. The corresponding incidence of anxiety was 5.9%, 6.8%
(111 (1.03-1.20)), 8.7% (1.26 (1.14-1.39)), 7.6% (1.10 (0.98-
1.24)), and 13.4% (2.01 (1.80-2.23)), respectively. Osteoarthri-
tis had the highest risk for both incident depression and
anxiety among four conditions. The association of cancer
with incident depression and diabetes with incident anx-
iety was more evident in men than women. Other asso-
ciations did not differ between men and women. Our re-
sults were consistent for different time points of follow-up.

Implications of the all the available evidence

Identifying the association between long-term physi-
cal conditions and incident depression and anxiety may
help target individuals who were at most risk of men-
tal disorders. Our findings highlight the importance
of depression and anxiety screen in individuals with
those long-term physical conditions. Anxiety screen de-
serves more concern in men with long-term diabetes.

leading cause of death, its high prevalence and profound impact
on disability have posed a tremendous burden on the health-
care system [3,4]. These major chronic conditions have been
observed to be commonly clustered with mental disorders [2],
which resulted in an excess risk of deaths from cancer [5],
CVD [6], and diabetes [7], and disability caused by arthritis [8].

Mental disorders have been demonstrated to be risk factors for
cancer, CVD, diabetes, and osteoarthritis [9-14], yet whether these
physical conditions are associated with increased risks of mental
disorders is less known. Recently, an increasing number of stud-
ies used claim data to analyse the risk of mental disorders asso-
ciated with long-term physical conditions [15,16]. However, these
studies were mostly restricted to focusing on one of these physical
conditions and it is unclear which condition is comparatively more
harmful for mental health. Most previous research studies targeted
population in a wide range of age [17], only a few investigated
middle-age adults, which is an important period for early preven-
tion of mental disorders. Furthermore, women are more likely to
be affected by a common mental disorder at some time during
their life than men [18]. The gender gap in the prevalence of men-

tal disorders may be partly attributed to the fact that women are
more likely to develop mental disorders following chronic condi-
tions compared with men. Whether the positive association be-
tween mental disorders and physical conditions was more evident
in women remains to be explored.

We prospectively examined the incidence of depression and
anxiety associated with long-term cancer, CVD, diabetes, and os-
teoarthritis. We then analysed whether these associations were
more likely to be manifested in women than men.

2. Methods
2.1. Participants

The 45 and Up Study is a prospective study of 266,896 par-
ticipants aged 45 years and over from New South Wales (NSW)
[19]. Participants were randomly sampled from the general popu-
lation through the Department of Human Services (formerly Medi-
care Australia) enrolment database, and an 18% response rate was
achieved, corresponding to 11% of the entire NSW population in
this age group [20]. Baseline data including lifestyle behaviours,
medical history, family history of chronic conditions, socioeco-
nomic status, and geographic factors were collected between 2006
and 2009. The 45 and Up study has ethical approval from the
UNSW Human Research Ethics Committee. The study protocol was
approved by the Royal Victorian Eye and Ear Hospital Human Re-
search Ethics Committee. Participants provided consent to follow-
up and link their data to routine health datasets.

This analysis excluded participants with depression, anxiety, de-
mentia, Parkinson’s disease, and concurrence of two or more of
cancer, CVD, diabetes, and osteoarthritis based on self-reported
history of previous diagnosis, Medicare Benefits Schedule (MBS)
or Pharmaceutical Benefits Scheme (PBS) claims. We also excluded
participants with Department of Veterans’ Affairs cards because in-
formation on these people is not included in PBS or MBS, those
aged 65 years or older, or those who needed help with daily tasks
because of long-term illness disability at baseline (Fig. S1).

2.2. Independent Variables

Medical history of heart disease, stroke, diabetes, cancer, os-
teoarthritis, hypertension, Parkinson’s disease, depression, asthma,
and hip fracture was self-reported. Individuals were divided into
five groups: cancer (those who reported a diagnosis of cancer
or those with procedures or medications before or until baseline
recorded by MBS or PBS claims), CVD (self-reported history of pre-
vious diagnosis, or MBS claims), diabetes (self-reported history of
previous diagnosis or PBS claims), osteoarthritis (self-reported his-
tory of previous diagnosis or PBS claims), and healthy population
without any of the four conditions.

2.3. Covariate Variables

Demographic information including age, gender, ethnicity, in-
come, and education was self-reported. Body mass index was cal-
culated based on self-reported height and weight. Psychological
distress was accessed using the Kessler-10 scale [21], and scores
ranged from 10 to 50, with the following categories: low [10,11],
mild [12-15], moderate [16-21] and high (22-50) psychological
distress. Family history of heart disease, stroke, hypertension, dia-
betes, cancer, Alzheimer’s disease, Parkinson’s disease, depression,
and arthritis was self-reported.

2.4. Outcome Variables

Baseline data were linked to MBS and PBS data (July 01, 2004-
December 31, 2016) by the Sax Institute using a unique identi-
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fier provided by the Department of Human Services. The incidence
of depression (prescription for antidepressants) and anxiety (anxi-
olytics) during follow-up was determined by medications claimed
by study participants via PBS (codes are in Table S1). Person-year
for participants was calculated from the date of data collected at
baseline to the date of depression/anxiety onset, or the end of the
follow-up on December 31, 2016, whichever came first.

2.5. Statistical Analysis

Descriptive data were summarised as frequency and percentage,
and Chi-square test was used to evaluate the difference of baseline
characteristics across chronic condition groups.

The associations of long-term cancer, CVD, diabetes, and os-
teoarthritis with the incidence of depression and anxiety were as-
sessed using Cox regression models. The multivariable-analysis was
adjusted for age, gender, the country of birth, income, education,
family history of conditions, hypertension, dyslipidaemia, asthma,
BMI, and psychological distress. We also used Cox proportional
regression models to assess the interaction between gender and
physical conditions for incident depression and anxiety. Benjamin-
Hochberg procedure was used to control the false discovery rate at
level 5% for multiple comparisons [22].

Sensitivity analysis was conducted to examine whether women
had a higher incidence of mental disorders (depression and/or anx-
iety) than men in the healthy population and those with cancer,
CVD, diabetes, or osteoarthritis. Furthermore, we analysed whether
each of the four conditions was associated with increased risks
of developing mental disorders in men and women. Third, we
examined whether major types of cancer including breast can-
cer, prostate cancer, melanoma, and other cancer were predictive
of incident depression, anxiety, and mental disorders. Fourth, we
analysed whether multimorbidity (concurrence of two or more of
cancer, CVD, diabetes, and osteoarthritis) was associated with in-
creased risk of depression, anxiety, and mental disorders.

All analyses with the use of two-tailed tests were performed
using SAS version 9.4 (SAS Institute Inc.).

3. Results
3.1. Participant Characteristics

We included 115,094 participants (54.3% women) with a mean
follow-up of 8.3 £+ 1.8 (range 7.0-11.5) years in the final analysis,
among which 11,057, 5348, 4348, and 5415 were individuals with
cancer, CVD, diabetes, and osteoarthritis and 88,926 were healthy
participants (Table 1). Women had a higher prevalence of cancer
(10.6% in women, 8.5% in men) and osteoarthritis (5.6%, 3.7%) but a
lower prevalence of CVD (3.0%, 6.6%) and diabetes (3.0%, 4.7%) than
men at baseline (all P-value<0.0001). Healthy individuals were
more likely to be younger, have higher income and education, and
have lower baseline prevalence of hypertension, dyslipidaemia, and
overweight/obesity compared to those with a chronic condition (all
P-value < 0.0001).

3.2. Incidence of Depression and Anxiety

During follow-up (958,785 person-year), the cumulative inci-
dence of depression was 12.5% in healthy population and 15.1%
(Hazard ratio [HR] (95% CI) VS healthy population: 119 (1.13-
1.25)), 15.1% (1.08 (1.00-1.16)), 16.7% (118 (1.09-1.28)), and 25.4%
(1.94 (1.80-2.10)) in individuals with cancer, CVD, diabetes, or os-
teoarthritis, respectively. The corresponding incidence of anxiety
was 5.9%, 6.8% (111 (1.03-1.20)), 8.7% (1.26 (1.14-1.39)), 7.6% (1.10
(0.98-1.24)), and 13.4% (2.01 (1.80-2.23)), respectively (Fig. 1).

3.3. Incidence of Depression and Anxiety by Gender

Women had a consistently higher incidence of depression than
men in healthy population (14.8% in women, 9.8% in men, HR (95%
Cl): 147 (1.42-1.53)), and those with cancer (17.0%, 12.4%, 1.39
(1.25-1.55)) CVD (19.5%, 12.7%, 1.55 (1.34-1.79)), diabetes (20.6%,
13.7%, 1.43 (1.23-1.66)), or osteoarthritis (28.4%, 20.1%, 1.53 (1.35-
1.72)). The corresponding HRs (95% Cls) for anxiety were 1.56
(1.47-1.66), 1.48 (1.26-1.74), 1.68 (1.38-2.03), 1.29 (1.03-1.61), and
1.39 (1.18-1.64), respectively (Fig. 2). This association was signifi-
cant across different time points (Fig. S2).

3.4. Incidence of Depression and Anxiety Associated With Long-term
Cancer, CVD, Diabetes, and Osteoarthritis in Women Compared With
Men

In the multivariable-analysis, the positive association between
any of cancer, CVD, diabetes, and osteoarthritis and incident de-
pression was significant in both men and women. This associa-
tion was significant across different time points although the HRs
for depression decreased with increased follow-up period. The HRs
(ClIs) for incident depression associated with baseline cancer in
men were 1.55 (1.31-1.84), 1.51 (1.33-1.72), 1.32 (1.19-1.46) at year
3, 5, and 7, respectively, whereas the corresponding HRs (CIs) for
women were 1.20 (1.06-1.36), 1.18 (1.07-1.29), and 1.17 (1.08-1.25),
respectively. This association was more evident in men at year 3,
5, and 7 of follow-up than women and did not differ between gen-
ders at year 9 and 11 of follow-up. The magnitude of the associa-
tion between CVD, diabetes and osteoarthritis and incident depres-
sion was not different between genders (Fig. 3).

The associations of baseline CVD and osteoarthritis with inci-
dent anxiety were significant in both men and women across dif-
ferent time points, and the magnitude of these associations did
not differ between genders. Baseline cancer was an independent
risk factor for incident anxiety in men from year 3 to 11 of follow-
up whereas the association between baseline cancer and incident
anxiety in women was significant from year 3 to 7 of follow-up
but not significant at the end of the follow-up. Baseline diabetes
was an independent risk factor for incident anxiety in men across
different time points but was not independently associated with
incident anxiety at any time point in women (Fig. 4).

3.5. Sensitivity Analysis

Women had a higher incidence of mental disorders than men
in the healthy population, and individuals with cancer, CVD, dia-
betes, or osteoarthritis (Fig. S3). Each of the four chronic condi-
tions was associated with an increased risk of mental disorders
in both men and women across different time points (Fig. S4).
Baseline melanoma was associated with an increased risk of in-
cident depression in men only. Baseline breast cancer was an in-
dependent risk factor for incident depression in women so was
baseline prostate cancer in men. Other cancer at baseline was as-
sociated with a higher incidence of depression in both men and
women whereas the magnitude was greater in men (Fig. S5). Base-
line prostate cancer was associated with a higher incidence of anx-
iety in men (Fig. S6). Other cancer at baseline was associated with
a higher incidence of mental disorders in both men and women
(Fig. S7). Individuals with multimorbidity at baseline had higher
incidence of depression, anxiety, and mental disorders and this as-
sociation did not differ between women and men (Fig. S8).

4. Discussion

We found women had a higher incidence of depression and
anxiety than men and this association was significant in the
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Table 1
Baseline characteristics of study participants by chronic conditions.

Chronic conditions

Healthy participants?® Cancer CVD Diabetes Osteoarthritis P value

Gender 0.0004
Men 40,338 (45.4%) 4453 (40.3%) 3454 (64.6%) 2467 (56.7%) 1922 (35.5%)

Women 48,588 (54.6%) 6604 (59.7%) 1894 (35.4%) 1881 (43.3%) 3493 (64.5%)

Age <0.0001
45-54 years 46,981 (52.8%) 4410 (39.9%) 1683 (31.5%) 1680 (38.6%) 1783 (32.9%)

55-64 years 41,945 (47.2%) 6647 (60.1%) 3665 (68.5%) 2668 (61.4%) 3632 (67.1%)

Country of birth 0.35
Australia 66,457 (74.7%) 8807 (79.7%) 4072 (76.1%) 3056 (70.3%) 4035 (74.5%)

Others 22,055 (24.8%) 2192 (19.8%) 1250 (23.4%) 1268 (29.2%) 1348 (24.9%)
Missing 414 (0.5%) 58 (0.5%) 26 (0.5%) 24 (0.6%) 32 (0.6%)

Income <0.0001
<20,000 AUD 5722 (6.4%) 867 (7.8%) 471 (8.8%) 496 (11.4%) 1096 (20.2%)
20,000-39,999 AUD 11,612 (13.1%) 1574 (14.2%) 815 (15.2%) 676 (15.5%) 1138 (21.0%)
40,000-69,999 AUD 20,276 (22.8%) 2554 (23.1%) 1262 (23.6%) 1004 (23.1%) 982 (18.1%)
>70,000 AUD 35,585 (40.0%) 4024 (36.4%) 1920 (35.9%) 1343 (30.9%) 1050 (19.4%)

Missing 15,731 (17.7%) 2038 (18.4%) 880 (16.5%) 829 (19.1%) 1149 (21.2%)

Education level <0.0001

<10 years 5416 (6.1%) 729 (6.6%) 473 (8.8%) 510 (11.7%) 731 (13.5%)
High school/TAFE 54,865 (61.7%) 7043 (63.7%) 3373 (63.1%) 2731 (62.8%) 3605 (66.6%)
University or higher 27,812 (31.3%) 3202 (29.0%) 1461 (27.3%) 1057 (24.3%) 1003 (18.5%)

Missing 833 (0.9%) 83 (0.8%) 41 (0.8%) 50 (1.1%) 76 (1.4%)

Body mass index” <0.0001
15-180.4 kg/m? 870 (1.0%) 114 (1.0%) 52 (1.0%) 19 (0.4%) 50 (0.9%)
180.5-240.9 kg/m? 33,065 (37.2%) 4065 (36.8%) 1515 (28.3%) 743 (17.1%) 1362 (25.2%)

25-290.9 kg/m? 33,145 (37.3%) 4077 (36.9%) 2248 (42.0%) 1463 (33.6%) 1852 (34.2%)
> 30 kg/m? 16,877 (19.0%) 2169 (19.6%) 1274 (23.8%) 1854 (42.6%) 1774 (32.8%)
Missing 4969 (5.6%) 632 (5.7%) 259 (4.8%) 269 (6.2%) 377 (7.0%)

Psychological distress® <0.0001

Low 38,792 (43.6%) 4737 (42.8%) 2143 (40.1%) 1755 (40.4%) 2000 (36.9%)
Mild 32,925 (37.0%) 4098 (37.1%) 2031 (38.0%) 1586 (36.5%) 1967 (36.3%)
Moderate 11,051 (12.4%) 1409 (12.7%) 726 (13.6%) 552 (12.7%) 815 (15.1%)
High 2957 (3.3%) 368 (3.3%) 207 (3.9%) 206 (4.7%) 280 (5.2%)

Missing 3201 (3.6%) 445 (4.0%) 241 (4.5%) 249 (5.7%) 353 (6.5%)

Hypertension <0.0001
No 69,427 (78.1%) 8297 (75.0%) 3074 (57.5%) 2175 (50.0%) 3433 (63.4%)

Yes 19,499 (21.9%) 2760 (25.0%) 2274 (42.5%) 2173 (50.0%) 1982 (36.6%)

Dyslipidaemia <0.0001
No 81,790 (92.0%) 10,146 (91.8%) 4026 (75.3%) 3225 (74.2%) 4497 (83.0%)

Yes 7136 (8.0%) 911 (8.2%) 1322 (24.7%) 1123 (25.8%) 918 (17.0%)

Asthma 0.0001
No 81,319 (91.4%) 10,033 (90.7%) 4893 (91.5%) 3976 (91.4%) 4798 (88.6%)

Yes 7607 (8.6%) 1024 (9.3%) 455 (8.5%) 372 (8.6%) 617 (11.4%)

Family history of depression 0.0674
No 79,042 (88.9%) 9760 (88.3%) 4793 (89.6%) 3967 (91.2%) 4792 (88.5%)

Yes 9884 (11.1%) 1297 (11.7%) 555 (10.4%) 381 (8.8%) 623 (11.5%)

Family history of diabetes <0.0001
No 68,651 (77.2%) 8664 (78.4%) 4125 (77.1%) 2011 (46.3%) 4040 (74.6%)

Yes 20,275 (22.8%) 2393 (21.6%) 1223 (22.9%) 2337 (53.7%) 1374 (25.4%)

Family history of cancer 0.90
No 50,214 (56.5%) 5385 (48.7%) 3102 (58.0%) 2643 (60.8%) 3048 (56.3%)

Yes 38,712 (43.5%) 5672 (51.3%) 2246 (42.0%) 1705 (39.2%) 2366 (43.7%)

Family history of heart disease <0.0001
No 52,477 (59.0%) 6224 (56.3%) 2024 (37.8%) 2385 (54.9%) 2952 (54.5%)

Yes 36,449 (41.0%) 4833 (43.7%) 3324 (62.2%) 1963 (45.1%) 2461 (45.4%)

Family history of stroke <0.0001
No 68,381 (76.9%) 8335 (75.4%) 3886 (72.7%) 3248 (74.7%) 4005 (74.0%)

Yes 20,545 (23.1%) 2722 (24.6%) 1462 (27.3%) 1100 (25.3%) 1408 (26.0%)

Family history of hypertension <0.0001
No 41,175 (46.3%) 5031 (45.5%) 2204 (41.2%) 1831 (42.1%) 2328 (43.0%)

Yes 47,751 (53.7%) 6026 (54.5%) 3144 (58.8%) 2517 (57.9%) 3085 (57.0%)

Family history of hip fracture <0.0001
No 81,402 (91.5%) 10,037 (90.8%) 4879 (91.2%) 4002 (92.0%) 4818 (89.0%)

Yes 7524 (8.5%) 1020 (9.2%) 469 (8.8%) 346 (8.0%) 595 (11.0%)

Family history of Parkinson’s disease 0.95
No 85,098 (95.7%) 10,584 (95.7%) 5142 (96.1%) 4173 (96.0%) 5160 (95.3%)

Yes 3828 (4.3%) 473 (4.3%) 206 (3.9%) 175 (4.0%) 254 (4.7%)

Family history of dementia <0.0001
No 75,675 (85.1%) 9200 (83.2%) 4540 (84.9%) 3725 (85.7%) 4423 (81.7%)

Yes 13,251 (14.9%) 1857 (16.8%) 808 (15.1%) 623 (14.3%) 991 (18.3%)

2 Healthy participants were those without any of the four predefined chronic conditions at baseline.

b Body mass index was calculated as weight in kilogrammes divided by the square of height in meters.

¢ Psychological distress measured by the Kessler-10 scale provides a global measure of anxiety and depressive symptoms experienced in the pre-
ceding month, with the following categories: low, mild, moderate and high psychological distress.
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Fig. 1. Incidence of depression and anxiety in individuals with and without physical conditions at baseline. Panels A and B show the incidence of depression and anxiety,
respectively. Hazard ratios for depression and anxiety associated with physical conditions were assessed using Cox regression models adjusted for age, gender, the country of
birth, income, education, family history of conditions, hypertension, dyslipidaemia, asthma, BMI, and psychological distress. The blue colour shadow is actually for the cyan
line (cancer) and it is blue because it is mixed with purple shadow for CVD. (For interpretation of the references to colour in this figure legend, the reader is referred to the

web version of this article.)

healthy population and those with cancer, CVD, diabetes, or os-
teoarthritis. Long-term conditions including cancer, CVD and os-
teoarthritis were each associated with an increased risk of incident
depression and anxiety. The magnitude of the association between
baseline cancer and incident depression was greater in men than
in women. Diabetes was an independent risk factor for incident
depression in both genders but for incident anxiety in men only.
Osteoarthritis had the highest HR for both incident depression and
anxiety among four conditions.

Our study agrees with previous studies showing that women
had a higher incidence of depression and anxiety than men [18].
The gender gaps in incident depression and anxiety may be at-

tributed to sex differences in genetics, hormones, socioeconomic
status, environment, and psychological distress [23]. Our findings
are independent of country of birth, age, income, education, BMI,
psychological distress, chronic conditions and family history of
conditions (including depression) suggesting that other potential
mediators/confounders need to be investigated. One plausible ex-
planation for the gender gaps is the lower depression recognition
in men than in women [23].

Psychological consequences of cancer have been well recog-
nised given that most people interpret a cancer diagnosis as a
death warrant. We found individuals with cancer at baseline were
more likely to develop depression and anxiety across different time
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Men Women HR (95% CI) P value
Events/ . Events/ . for women versus men*
participants Tuckicnce participants e
Depression !
Healthy population’ 3962/40338 9-8 7176/48588  14-8 i Eal 1-47 (1-42-1-53) <0-0001
Cancer* 550/4453 12-4 1120/6604 17-0 E —_— 1-39 (1-25-1-55) <0-0001
cvD# 437/3454 12-7 369/1894 19-5 E N A 1-55 (1-34-1-79) <0-0001
Diabetes 337/2467 13-7 388/1881 20-6 E = = 1-43 (1-23-1-66) <0-0001
Osteoarthritis” 386/1922 20-1 991/3493 28-4 E — - 1-53 (1-35-1-72) <0-0001
Anxiety E
Healthy population ~ 1775/40338 4-4 3426/48588  7-1 E —a— 1-56 (1-47-1-66) <0-0001
Cancer 238/4453 5-3 509/6604 7-7 E — 1-48 (1-26-1-74) <0-0001
CVD 240/3454 7-0 223/18%4 11-8 E —&—1-68 (1-38-2-03) <0-0001
Diabetes 162/2467 6-6 170/1881 9-0 E—-— 1-29 (1-03-1-61) 0-0024
Osteoarthritis 213/1922 11-1 513/3493 14-7 § — 1-39 (1-18-1-64) <0-0001
b
1-0 20

Fig. 2. Hazard ratios for depression and anxiety in women compared with men. *Hazard ratios were assessed using Cox regression models adjusted for age, the country of
birth, income, education, family history of conditions, hypertension, dyslipidaemia, asthma, BMI, and psychological distress. T Individuals without cancer, CVD, diabetes, or
osteoarthritis at baseline. ¥ Individuals with cancer at baseline. § Individuals with CVD at baseline. Il Individuals with diabetes at baseline. ¢ Individuals with osteoarthritis

at baseline.

points during follow-up, and this association was more evident
in men than in women. This is consistent with previous studies
showing that cancer was a risk factor for mental disorders in both
men and women [15,24]. Although a recent study did not analyse
the interaction between gender and cancer for depression/anxiety,
odds ratios (95% ClIs) for depression and anxiety associated with
long-term cancer were greater in men than in in women in this
study [16]. A matched study also showed that the HR for mental
disorders ten years after cancer diagnosis associated with cancer
was greater in men than in women [15]. However, these studies
did not exclude participants with a self-reported history of men-
tal disorders or a record of using antidepressants or anxiolytics at
baseline either adjusted for important confounders including BMI,
medical history, family history of chronic conditions, and psycho-
logical distress in their analysis. The composition of different types
of cancer and the different associations of those cancers with inci-
dent depression/anxiety in our study may partly explain the gen-
der difference in the magnitude of the association between cancer
and depression/anxiety. Like a matched study [15], we found the
HR associated with cancer decreased with increased follow-up pe-
riod, which might be attributed to the fact that these cancer sur-
vivors were more likely to die during follow-up. It is also possi-
ble that the HR for depression and anxiety associated with cancer
decreased with increased follow-up period if there is a favourable
outcome after treatment.

We found CVD was a risk factor for incident depression and
anxiety in both men and women across different time points, and
this association did not differ between genders. A high prevalence
of depression and anxiety has been observed in individuals with
heart failure or stroke [9,12]; however, few studies have reported
whether this prevalence was higher than that in the general pop-
ulation [13]. A matched study found that individuals with stroke
were around two times more likely to develop depression until the
second year of follow-up compared with the control group [25].
The association between depression and an increased risk of inci-
dent CVD has been well established [13], the mechanism of how
CVD affects mental disorders remains to be explored. However, the
perceived loss of health, functional capability and independence in
CVD patients may partly explain the higher incidence of depression
and anxiety in these vulnerable individuals [13]. Whether CVD was
associated with an increased risk of incident anxiety has not been

reported in previous studies. We found the HR for anxiety associ-
ated with CVD was greater than that for depression in both men
and women suggesting anxiety also deserves concern among CVD
patients.

The psychological burden imposed by awareness of having a
chronic condition, its treatment, its effects on lifestyle, and shared
mechanisms may partly explain the increased risks of depression
in diabetes patients [26-28]. We found diabetes was an indepen-
dent risk factor for incident depression in both men and women
across different time points whereas diabetes was associated with
an increased risk of incident anxiety in men but not women. A re-
cent meta-analysis of 16 longitudinal studies demonstrated that di-
abetes was associated with an increased risk of incident depression
(pooled relative risk [RR]: 1.27 (95% CI 1.17-1.38)) [14]. Hasan et al.
also reported a higher RR in studies with follow-up period < five
years than in those with follow-up period > five years, which is
consistent with our findings that HR for depression associated with
diabetes decreased with increased follow-up period. One prospec-
tive study showed that there was no significant association be-
tween baseline diabetes and incident anxiety, but this study is lim-
ited by a small number of diabetes patients (n=337) [11]. We
found the HR for incident anxiety in men decreased with an in-
creasing follow-up period, although the association was significant
throughout the follow-up. Another study also failed to find a sig-
nificant association between diabetes and incident anxiety (defined
by claimed data), which might be attributed to the five-year gap
between baseline (1994) and follow-up (1999-2011) [29]. It is un-
clear why the positive association between diabetes and incident
anxiety was observed in men only in our study.

We found osteoarthritis was associated with an increased risk
of depression and anxiety with the highest HRs among four con-
ditions in both men and women. A recent meta-analysis of 15,855
individuals found that around one-fifth of people were affected by
depression/anxiety in those with osteoarthritis [10]. This analysis
showed that osteoarthritis was not associated with an increased
risk of depression or anxiety in three eligible studies [10]. A recent
prospective study of 3491 participants with 4.2 years of follow-
up demonstrated that individuals with multisite or hip/knee os-
teoarthritis had a higher likelihood of developing depression than
those without osteoarthritis [30]. These previous studies were lim-
ited by small sample size and did not explore whether gender was
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Healthy population™ With condition’

Gender Events/ Incidence Events/ Incidence i P for
participants participants HR (95% CI) for depression” P value interaction

Cancer
Year 1 Men  276/40338  0-7 48/4453 1-1 - 1-42(1-04-1-93) 00075 o . oo
Year 1 Women 560/48588  1-2 107/6604 1-6 - 1-34 (1-09-1-65) 0-0064
Year 3 Men  869/40338 22 161/4453 3-6 " 155 (1-31-1-84) <0-0001 o o
Year 3 Women 1691/48588 3.5 285/6604 43 8 1-20 (1-06-1-36) 0-0046
Year 5 Men 1541/40338 3-8 272/4453 61 - 1-51(133-1-72) <0-0001 o
Year 5 Women 2979/48588  6-1 492/6604 7-5 ] 1-18 (1-07-1-29) <0-0001
Year 7 Men  2766/40338 69 414/4453 9-3 " 1-32 (1-19-1-46) <0-0001 o oaco
Year 7 Women 5188/48588  10-7 840/6604 12-7 a 1-17 (1-08-1-25) <0-0001
Year 9 Men  3768/40338 9-3 525/4453 11-8 ] 123 (1-12-1-35) <0-0001 . .,
Year 9 Women 6849/48588  14-1 1089/6604  16-5 " 1-15 (1-07-1-22) <0-0001
Year 11 Men  3962/40338 9.8 550/4453 124 - 124 (1-13-1:35) <0-0001 oo
Year 11 Women 7176/48588  14-8 1120/6604  17-0 " 1-13 (1-06-1-20) <0-0001
CcVD
Year 1 Men  276/40338  0-7 44/3454 13 —-— 1-42 (1:02-1:99) 00062 o .0
Year 1 Women 560/48588  1-2 38/1894 2:0 - 1-33 (0-95-1-86) 0-0838
Year 3 Men 869/40338 22 136/3454 3-9 L] 1-37 (1-14-1-66) <0-0001 0-1592
Year 3 Women 1691/48588 3.5 99/1894 52 - 1-19 (0-97-1-47) 0-0755
Year 5 Men 1541/40338 3-8 217/3454 63 = 127 (1:09-1-47) <0-0001 o .o
Year 5 Women 2979/48588  6-1 173/1894 91 - 1-21 (1-04-1-41) 0-002
Year 7 Men  2766/40338 6.9 343/3454 99 u 122 (1:09-1-37) <0-0001 o o
Year 7 Women 5188/48588  10-7 289/1894 153 - 1-26 (1-12-1-42) <0-0001
Year 9 Men  3768/40338 9-3 423/3454 123 - 1112 (1-01-1:24) 00047 oo o
Year 9 Women 6849/48588  14-1 352/1894 18-6 - 1-18 (1-06-1-32) <0-0001
Year 11 Men  3962/40338 9.8 4373454 127 o 111 (1:01-1-23) 0-0029 ) oons
Year 11 Women 7176/48588  14-8 369/1894 19-5 - 1-19 (1-07-1-33) <0-0001
Diabetes
Year 1 Men  276/40338  0-7 29/2467 12 T 1-33 (0-89-2-00) 0-39 07327
Year 1 Women 560/48588 12 34/1881 1-8 —i— 1-16 (0-81-1-67) 0-1785
Year 3 Men 869/40338 22 94/2467 3-8 —— 131 (1-04-1:64) 0-0011 o .
Year 3 Women 1691/48588  3-5 126/1881 67 - 1-43 (1-18-1-73) <0-0001
Year 5 Men 1541/40338 3-8 175/2467 7-1 = 142 (1-21-1-68) <0-0001 .,
Year 5 Women 2979/48588  6-1 220/1881 11-7 - 1-47 (1-27-1-7)  <0-0001
Year 7 Men  2766/40338 69 253/2467 103 - 126 (1-1-1-44) - <0-0001 oo
Year 7 Women 5188/48588  10-7 310/1881 165 = 1-30 (1-16-1-47) <0-0001
Year 9 Men  3768/40338 93 326/2467 132 - 122(1-08-1-37) <0-0001 o
Year 9 Women 6849/48588  14-1 377/1881 20-0 = 1-26 (1-13-1-40) <0-0001
Year 11 Men 3962/40338  9-8 337/2467 13-7 - 1-20 (1-07-1-35)  0-0001 0-6725
Year 11 Women 7176/48588  14-8 388/1881 20-6 - 1-25 (1-12-1-39)  <0-0001
Osteoarthritis
Year 1 Men  276/40338 07 57/1922 3-0 — 2:80 (1:94-4:03) <0-0001 o o
Year 1 Women 560/48588 12 105/3493 3-0 = 2-05 (1-54-2-74) <0-0001
Year 3 Men  869/40338 22 142/1922 7-4 = 2:31(1-85-2-89) <0-0001 ...
Year 3 Women 1691/48588  3-5 354/3493 10-1 - 2-51 (2-15-2-95) <0-0001
Year 5 Men 1541/40338 3-8 222/1922 11-6 = 2:06 (1-72-2-47) <0-0001 o
Year 5 Women 2979/48588  6-1 556/3493 15-9 - 2-33 (2-05-2-65) <0-0001
Year 7 Men  2766/40338 69 305/1922 15-9 - 184 (1-58-2:15) <0-0001 o,
Year 7 Women 5188/48588  10-7 784/3493 224 - 221 (1-99-2-46) <0-0001
Year 9 Men  3768/40338 9-3 378/1922 19-7 - 181 (1-58-2:08) <0-0001 o,
Year 9 Women 6849/48588  14-1 962/3493 27-5 - 2-09 (1-90-2-31) <0-0001
Year 11 Men  3962/40338  9-8 386/1922 20-1 = 178 (1-56-2:04) <0-0001 | o
Year 11 Women 7176/48588  14-8 991/3493 284 - 2-08 (1-89-2-29) <0-0001

0-0 10 20 30 40

Fig. 3. Hazard ratios for depression associated with long-term physical conditions in women and men. * Individuals without cancer, CVD, diabetes, and osteoarthritis at
baseline. fIndividuals with cancer, CVD, diabetes, or osteoarthritis at baseline. *Hazard ratios were assessed using Cox regression models adjusted for age, the country of
birth, income, education, family history of conditions, hypertension, dyslipidaemia, asthma, BMI, and psychological distress. The analysis was done for year 1, 3, 5, 7, 9, and
11 of follow-up. 8P value for interaction between gender and condition for incident depression.
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Healthy population* With condition’

Gender Events/ Incidence Events/ Incidence . P for
participants participants HR (95% CT) for anxiety” P value interaction’
Cancer
Year 1 Men 75/40338 0-2 12/4453 0-3 = 1-21 (0-66-2-25) 0-5522 0-9917
Year 1 Women 172/48588  0-4 34/6604 0-5 - 1-33 (0-92-1-93) 0-187
Year 3 Men  227/40338 0.6 48/4453 1-1 " 171(1:25-2:34) 00016 o .0y
Year 3 Women 514/48588 1-1 99/6604 1-5 - 1-32(1-07-1-64) 0-0324
Year 5 Men 443/40338 1-1 80/4453 1-8 - 1-47 (1-16-1-87) 0-0048 0-3203
Year 5 Women 1028/48588 2-1 198/6604 3-0 - 1-33 (1-14-1-55) 0-0023
Year 7 Men 1027/40338  2-6 150/4453 3-4 - 1-24 (1-05-1-48) 0-0462 0314
Year 7 Women 2148/48588 4.4 347/6604 5-3 i 1-13 (1-01-1-27) 0-0493
Year 9 Men 1638/40338  4-1 233/4453 52 - 1-18 (1-03-1-35) 0-0496 02712
Year 9 Women 3177/48588 6-5 699/6604 7-6 o 1-07 (0-97-1-17) 0-2776
Year 11 Men  1775/40338 4.4 238/4453 53 o 1-16 (1-02-1-33) 0-0496 00
Year 11 Women 3426/48588  7-1 509/6604 7-7 o 1-06 (0-97-1-17) 0-1952
CVD
Year 1 Men 75/40338 0-2 13/3454 0-4 = 1-31 (0-70-2-43) 0-1832 0-9186
Year 1 Women 172/48588 0-4 13/18%4 0-7 - 1-34 (0-75-2-38) 0-188
Year 3 Men 227/40338 06 56/3454 1-6 = 1-90 (1-39-2-59) <0-0001 02494
Year 3 Women 514/48588 1-1 45/1894 2-4 b 1-56 (1-14-2-13) 0-0014
Year 5 Men 443/40338 1-1 91/3454 2-6 " 1-65 (1-30-2-09) <0-0001 0-9251
Year 5 Women 1028/48588 2-1 97/189%4 SElL b 1-71 (1-38-2-12) <0-0001
Year 7 Men  1027/40338 2.6 1533454 44 " 135 (1-13-1-61) <0-0001 g
Year 7 Women 2148/48588 4-4 154/1894 81 = 1-48 (1-25-1-75) <0-0001
Year 9 Men  1638/40338 4-1 226/3454 65 - 130 (1-13-1-51) <0-0001 o\
Year 9 Women 3177/48588 6-5 210/189%4 i) ol 1-42 (1-23-1-64) <0-0001
Year 11 Men 1775/40338 4.4 240/3454 7-0 - 1-30 (1-13-1-50) <0-0001 0-5200
Year 11 Women 3426/48588 7.1 223/1894 118 - 1-42 (1-24-1-63) <0-0001
Diabetes
Year 1 Men 75/40338 0-2 15/2467 0-6 — 2-10 (1-14-3-87) 0-002 0-0461
Year 1 Women 172/48588  0-4 9/1881 0-5 T 0-96 (0-48-1-92) 0-955
Year3 Men 227/40338 06 37/2467 1-5 —a— 1-90 (1-31-2-77) <0-0001 0-1698
Year 3 Women 514/48588 1-1 38/1881 2-0 H— 1-22 (0-86-1-72) 0-1044
Year 5 Men 443/40338 1-1 72/2467 2-9 —— 1-82 (1-39-2-38) <0-0001 0-0131
Year 5 Women 1028/48588  2-1 68/1881 3-6 - 1-15 (0-89-1-48) 0-1109
Year 7 Men 1027/40338  2-6 113/2467 4-6 - 1-38 (1-12-1-70) 0-0002 0-0536
Year 7 Women 2148/48588 4-4 115/1881 6-1 - 1-08 (0-89-1-32) 0-2396
Year 9 Men 1638/40338  4-1 154/2467 6-2 - 1-22 (1-02-1-45) 0-0044 0-0842
Year 9 Women 3177/48588 6-5 160/1881 85 o 1-08 (0-91-1-27) 0-2172
Year 11 Men 1775/40338  4-4 162/2467 6-6 Hi- 1-21 (1-02-1-44) 0-0044 0-1969
Year 11 Women 3426/48588 7-1 170/1881 9-0 o 1-09 (0-93-1-28) 0-1730
Osteoarthritis
Year 1 Men 75/40338 0-2 25/1922 152 = #3-08 (1-77-5-38) <0-0001 0-0695
Year 1 Women 172/48588  0-4 52/3493 1-5 = 3-15 (2-13-4-65) <0-0001
Year 3 Men 227/40338 0-6 55/1922 2-9 = 2-51(1-75-3-60) <0-0001 02233
Year 3 Women 514/48588 1-1 151/3493 4-3 b 3-22 (2-55-4-06) <0-0001
Year 5 Men 443/40338 il 88/1922 4-6 —m— 2-19 (1-64-2-91) <0-0001 0-1267
Year 5 Women 1028/48588 2-1 248/3493 7-1 b 2-71 (2-25-3-26) <0-0001
Year 7 Men 1027/40338  2-6 150/1922 7-8 = 2-17 (1-75-2-70) <0-0001 0-0378
Year 7 Women 2148/48588 4-4 377/3493 10-8 & 2-33 (2-00-2-71) <0-0001
Year 9 Men 1638/40338  4-1 203/1922 10-6 b 1-96 (1-62-2-37) <0-0001 0-0425
Year 9 Women 3177/48588 6-5 489/3493 14-0 & 2-09 (1-82-2-39) <0-0001
Year 11 Men 1775/40338  4-4 213/1922 11-1 b 1-95 (1-62-2-35) <0-0001 0-0384
Year 11 Women 3426/48588 7-1 513/3493 14-7 & 2-07 (1-81-2-36) <0-0001

0-0 1-0 2-0 3-0 40 50

Fig. 4. Hazard ratios for anxiety associated with long-term physical conditions in women and men. * Individuals without cancer, CVD, diabetes, and osteoarthritis at baseline.
TIndividuals with cancer, CVD, diabetes, or osteoarthritis at baseline. *Hazard ratios were assessed using Cox regression models adjusted for age, the country of birth, income,
education, family history of conditions, hypertension, dyslipidaemia, asthma, BMI, and psychological distress. The analysis was done for year 1, 3, 5, 7, 9, and 11 of follow-up.
8P value for interaction between gender and condition for incident depression.
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a moderator of the association between osteoarthritis and depres-
sion and anxiety. Chronic pain, disability, and decreased function
caused by osteoarthritis may explain the increased risk of depres-
sion and anxiety associated with osteoarthritis [31,32]. It is also
possible that osteoarthritis patients are more likely to seek help
for mental disorders. There is a high prevalence of osteoarthritis in
Australian adults aged >45 years with it being more common in
women (27.3%) than in men (15.3%) [3]. Osteoarthritis may play an
important role in the development of depression and anxiety given
its high prevalence [3], and its higher HR for depression and anx-
iety compared with other conditions as shown in our study. The
gender gap in the prevalence of mental disorders in general pop-
ulation may be partly explained by the higher prevalence of os-
teoarthritis in women than in men [3].

To our knowledge, this is the first study to comprehensively ex-
plore whether long-term chronic conditions (cancer, CVD, diabetes,
and osteoarthritis) were associated with increased risks of incident
depression and anxiety in a community-dwelling population with
a large sample size and long-term follow-up. We also uniquely ex-
amined whether the associations differed by genders and across
various time points.

Several limitations need to be considered in this study. Firstly,
incident depression/anxiety was identified by treatment using
medications, thus possibly resulting in misclassification as well
as an underestimated incidence. Furthermore, death data were
not available at the moment such that the competing risk might
have biased our findings. However, we examined the associa-
tions between chronic conditions at baseline and incident depres-
sion/anxiety at year 1, 3, 5, 7, 9, and 11 of follow-up, and the re-
sults were consistent across different time points. Although the
participation rate (18%) of our study is relatively low, it is simi-
lar to other cohort studies of this kind [33,34]. It has also been
reported that similar associations between exposures and health
outcomes in this cohort study compared with a population repre-
sentative study [20].

In conclusion, women had a higher incidence of depression and
anxiety than men and this association was independent of chronic
conditions. Osteoarthritis, CVD, and cancer were independent risk
factors for depression and anxiety in both genders. Individuals
with long-term osteoarthritis were at most risk of depression and
anxiety compared with healthy population and those with other
conditions.
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