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Abstract

Background: Symptoms of depression and anxiety are common in adults with cardiovascular diseases (CVDs) and
diabetes mellitus (DM). The literature on depression and anxiety in CVDs and DM populations is extensive; however,
studies examining these relationships over time, directly compared to adults without these conditions, are still lack-
ing. This study aimed to investigate trends in depression and anxiety symptom prevalence over more than 20 years in
adults with CVDs and DM compared to the general population.

Methods: We used data from the population-based Trandelag Health Study (HUNT), Norway, including adults

(= 20 years) from three waves; the HUNT2 (1995-97; n = 65,228), HUNT3 (2006-08; n = 50,800) and HUNT4 (2017-19;
n = 56,042). Depressive and anxiety symptom prevalence was measured independently by the Hospital Anxiety and
Depressions scale (HADS) in sex-stratified samples. We analyzed associations of these common psychological symp-
toms with CVDs and DM over time using multi-level random-effects models, accounting for repeated measurements
and individual variation.

Results: Overall, the CVDs groups reported higher levels of depression than those free of CVDs in all waves of the
study. Further, depressive and anxiety symptom prevalence in adults with and without CVDs and DM declined from
HUNT2 to HUNT4, whereas women reported more anxiety than men. Positive associations of depression and anxiety
symptoms with CVDs and DM in HUNT2 declined over time. However, associations of CVDs with depression symp-
toms remained over time in men. Moreover, in women, DM was associated with increased depression symptom risk
in HUNT2 and HUNT4.

Conclusions: Depression and anxiety symptoms are frequent in adults with CVDs. Further, our time trend analysis
indicates that anxiety and depression are differentially related to CVDs and DM and sex. This study highlights the
importance of awareness and management of psychological symptoms in CVDs and DM populations.

Keywords: Cardiovascular diseases, Diabetes mellitus, Depression symptoms, Anxiety symptoms, Prevalence, Multi-
level models

Introduction

Cardiovascular diseases (CVDs) and diabetes melli-
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people die from CVDs each year, representing 31% of all
global deaths [1]. The global population with DM in 2013
is estimated at 382 million (ages 20 to 79), the number
expected to rise to 592 million by 2035 [2]. Simultane-
ously, a growing prevalence of depression and anxiety has
been reported worldwide. In 2017, more than 264 mil-
lion people of all ages worldwide suffered from depres-
sion [3]. The rates varied across studies and countries,
yet a systematic review from 2016 concluded that the
anxiety prevalence was generally high (3.8-25%) and par-
ticularly in women (5.2-8.7%) and individuals from Euro-
pean countries (3.8-10.4%) [4]. Higher prevalence rates
and risk of depression and anxiety in women compared
to men have been well documented [5, 6]. However,
whether depression and anxiety prevalence is increasing
over time is still debated [7, 8].

CVDs and DM populations are often affected by higher
depression and anxiety symptom load than the general
population [9, 10]. Research suggests common biological
pathways of CVDs and DM with depression and anxiety,
focusing on the autonomic and hypothalamic-pituitary-
adrenal (HPA) axis and immuno-inflammatory dysregu-
lation [11, 12]. Depression and anxiety have different
clinical manifestations; however, these psychological
conditions often overlap [13] and appear together with
CVDs and DM [9, 10], further increasing the burden of
symptoms in these wide-spread physical illnesses [14].

Worldwide, studies consistently report on increased
prevalence rates and risk of depression and anxiety in
adults with CVDs compared to people free from these
conditions [9, 15-20]. WHO has estimated the preva-
lence of clinical depression in CVDs populations to range
between 3 and 9% worldwide [9] in the last two decades,
yet rates between 35 and 46% in China [15] and rates
as high as 47% have been reported from Iran [18]. A
recent meta-analysis found that of 10,785 acute myocar-
dial patients, approximately one of five were diagnosed
with major depression, whereas one of three reported
mild to moderate symptoms of depression [19]. A study
using data on population-based adults from 17 countries
demonstrated a higher odds ratio (OR) for depression
(adjusted OR 2.1; 95% CI 1.9-2.5) and anxiety (adjusted
OR 1.4; 95% CI 1.0-1.9) in participants with CVDs
than those with no such conditions [9]. Likewise, symp-
toms of depression and anxiety are frequently present
in adults with DM [21-23]. Epidemiological evidence
suggests that the prevalence of depression is more than
three times higher in adults with type 1 DM and almost
twice as high in adults with type 2 DM [21]. In line with
this, a meta-analysis of longitudinal studies showed that
people with DM had an average of 30% higher risk of
developing depression than those without [24]. A recent
systematic review shows that anxiety disorders and
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anxiety symptoms are present in 14% and 40% of patients
with DM [22]. These findings correspond to a system-
atic review that reported positive associations between
DM and both anxiety disorders (pooled OR 1.20; 95% CI
1.10-1.30) and elevated anxiety symptom levels (pooled
OR 1.48; 95% CI 1.02-1.93) [25].

Unfortunately, depression and anxiety symptoms often
go undetected and untreated in CVDs and DM popula-
tions [26, 27]. In turn, this may contribute to poor treat-
ment outcome of the primary disease [28, 29], reduced
quality of life [30, 31] and increased health care costs
[32, 33]. Recently, there has, therefore, been a growing
interest in CVDs and DM populations’ psychological
conditions and how to improve the clinical practice of
detection and treatment [34, 35]. Despite the increasing
literature on depression and anxiety in adults with CVDs
and DM, studies examining secular trends in depression
and anxiety symptom levels are lacking. Thus, this study
aims to investigate the development of depression and
anxiety symptom levels in CVDs and DM groups, using
population-based data from three waves of the Trende-
lag Health Study (HUNT) over more than two decades
(HUNT?2, HUNTS3, and HUNT4). The objectives of this
study are: (1) to describe depression and anxiety symp-
tom load in the populations according to CVDs and DM
status (2) to investigate time trends of these psychologi-
cal symptoms over 22-years, and to (3) examine the asso-
ciations of CVDs and DM with depression and anxiety
symptom risk.

Methods

Study population

The HUNT Study is a repeated, serial-entry health
study of an entire population residing in Nord-Tren-
delag county (recently included in the larger Trondelag
County), Norway, carried out in four waves: HUNT1
(1984-86), HUNT2 (1995-97), HUNT3 (2006-08),
and HUNT4 (2017-19). The serial-entry participa-
tion means that all county inhabitants eligible to par-
ticipate (aged 19 years and more) were invited every
10 years—regardless of whether they had participated
before or not. This study used data from the HUNT?2,
HUNT3 and HUNT4 waves, where all county adults
(aged > 20 years) received questionnaires (Q1) to fill out
before the clinical screening test. A second questionnaire
(Q2) was distributed to be filled out and returned by mail
after clinical examination. Of all invited, the number of
respondents whose data material was available to this
study was 65,228 (69.5%) in HUNT2, 50,800 (54.1%) in
HUNTS3, and 56,042 (54%) in HUNT4. The number of
participants and the respective participation rates (in %)
is per point of data collection, as the number of eligible
adults in the county changed over time. Information on
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the participation of cohorts over time is available on the
HUNT official website [36]. The population in HUNT is
considered representative of general Norwegian adults
[37]. Al HUNT participants gave their written con-
sent for research on their data. This study was approved
by the Regional Committees for Medical Research and
Health Research Ethics in Norway (reference2019/30292/
REK Nord) and the Norwegian Centre for Research Data
(reference 30292/NSD).

Data material

This study used data from the main questionnaires (Q1
and Q2) covering a wide range of variables on health
condition, lifestyle, sociodemographic characteristics,
and clinical measurements. The participants yielding
valid data on self-reported depression and anxiety ques-
tions (outcome) and CVDs and/or DM status (exposure)
were eligible, while those with missing values on both
exposures were excluded. The study population was ana-
lyzed by diseases status (CVDs and DM) independently
in sex-stratified samples. Analysis by CVDs status was
carried out in 61,284 participants from HUNT?2, 40,508
participants from HUNT3 and 40,443 participants from
HUNT4, including individuals with and without CVDs.
Samples analyzed by DM status were 61,229 participants
from HUNT?2, 40,504 participants from HUNT3 and
41,371 participants from HUNT4, including individu-
als with and without DM. Samples of individuals with
both CVDs and DM were too small (i.e., 204, 164 and
182 among women and 262, 283 and 385 among men in
HUNT?2, HUNT3 and HUNT4, respectively) to provide
the necessary statistical power and were therefore not
analyzed as a separate group. Figure 1 shows the flow
chart of the study participants selected for this study.

Measurements

Outcome variables: Anxiety and Depression symptoms

The Hospital Anxiety and Depression Scale (HADS)
was used to assess symptoms of depression and anxiety.
The HADS is a brief self-report questionnaire consisting
of 14 items, seven for anxiety subscale (HADS-A) and
seven for depression subscale (HADS-D), each scored
on a Likert-scale from 0 (no symptoms) to 3 (symptoms
maximally present) [38]. For this study, valid ratings of
the HADS-D and HADS-A were defined as at least five
completed items on both subscales. The score of those
who filled in five or six items was based on the sum of
completed items multiplied by 7/5 or 7/6, respectively.
We assessed anxiety and depression with the categorical
approach, using a conventional cut-off threshold of 8 on
both the HADS subscales. This cut off value is found to
provide optimal sensitivity and specificity (about 0.80)
and a good correlation with the case of clinical depression
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based on DSM-III and ICD-8/9 diagnostic criteria [39].
Additionally, these conventional cut-offs are often used
for decision-making purposes, such as rating the sever-
ity of depression or the need for treatment [40]. Reliabil-
ity was examined by ordinal and traditional Cronbach’s
alpha and performed well on both HADS-A and HADS-
D subscales (ordinal alpha was 0.92 and 0.88; Cronbach’s
alpha was 0.87 and 0.81, respectively) [41]. The HADS-
subscales has been confirmed as reliable for detecting
symptoms of anxiety and depression independently and
describing symptom severity among the CVDs and DM
populations [42, 43].

Exposure variables

CVDs status was measured with questions on the history
of heart diseases (myocardial infarct or angina) or stroke
(yes/no). Question on heart failure was excluded from
HUNT?2, and thus, this condition was not used in the def-
inition of CVDs in this study. History of diabetes, includ-
ing type 1 DM, type 2 DM and other DM types, were
criteria for defining DM (yes/no). Missing data on CVDs
and DM were defined as an absence of the diseases.

Other independent variables

Sociodemographic characteristics of the study sample
included: sex (classified as women and men), age (mean
and age groups < 55, 55—64 and > 65 years) and cohabi-
tation status (living with someone vs living alone). The
HUNT?3 database lacks direct data describing socioeco-
nomic status (e.g., education level). Therefore, we used
the lifestyle variable "current smoking" (yes/no) as an
indicator of socioeconomic status in multivariate analy-
sis. Other lifestyle measurements included monthly alco-
hol consumption (no or low drinking versus moderate to
frequent) and physical activity (inactive versus active).
Alcohol consumption in HUNT2 was described numeri-
cally (i.e., times drinking per month) whereas in HUNT3
and HUNT4 with categories. In this study, never or
< one time per week was defined as no or low drinking,
while drinking two-three times or > four times per week
was moderate to frequent drinking. In HUNT, leisure-
time physical activity was measured by questions about
light (i.e., no sweating or heavy breathing) and hard (i.e.,
sweating, and heavy breathing) physical activity per week.
We defined the respondents with no physical activity or
less than one time per week as not physically active, while
those with more than one time per week of hard/let phys-
ical activity were physically active. Of clinical anthropo-
metric measurements, we used Body mass index (BMI)
as a general indicator of overweight and obesity, which
are significant risk factors for cardio-metabolic diseases
[44], depression [45] and anxiety [46]. Body mass index
(BMI) included two categories: underweight to normal
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HUNT2 participants Valid HADS
(1995-97) questionnaires
N=65 228 N=61338

Missing answers to the
HADS questions
N=3890

Valid HADS
questionnaires

HUNT3 participants
(2006-08)

N=50 800 N=40 516

HUNT4 participants Valid HADS
(2017-19) questionnaires
N=56 042

N=42103

Missing answers to the
HADS questions
N=13 939

Final samples analyzed
by CVDs status
N=61284

Missing data on
CVDs status N=54

Final samples analyzed
by DM status
N=61229

Missing data on
DM status N=109

Final samples analyzed
by CVDs status
N=40 508

Final samples analyzed
by DM status
N=40 504

Final samples analyzed
by CVDs status
N=40 443

Missing data on
CVDs status N=1660

Final samples analyzed
by DM status
N=41 371

Missing data on
DM status N=732

Fig. 1 Flow chart showing the selection criteria® for participants. *Hospital Anxiety and Depression Scale (HADS) questionnaires, cardiovascular
diseases (CVDs) and diabetes mellitus (DM) Status. CVDs status defined as CVDs or no-CVDs; DM status was defined as DM or no-DM

(< 25 kg/m? and overweight to obese (> 25 kg/m?),
defined according to WHO BMI cut-off for overweight
and obesity classification [47].

Statistical analysis

The prevalence of self-reported anxiety and depres-
sion symptoms was evaluated using cross-sectional
data from three HUNT surveys performed with an
11-years’ interval. Descriptive statistics regarding base-
line characteristics included frequencies and percent-
ages. The study population’s characteristics stratified by
sex are presented for the sample with a report on CVDs
(Table 1) and DM status (Table 2) separately. The groups
with positive disease status in Tables 1 and 2 are bolded.
Prevalence of depression and anxiety was described sepa-
rately by disease status and across sexes. Estimates were

age-standardized (using the age categories < 55, 55—64
and > 65 years) by the direct standardization using the
age distribution of participants attending the screening
in HUNT3 as the standard population. The associations
of self-reported depression and anxiety with CVDs and
DM were analyzed using multi-level logistic models.
Multi-level models were specified to account for repeated
measurements on the same participants (i.e., non-inde-
pendent observations). To derive risk ratios (RR) and risk
differences (RD), we used predictions from the multi-
level models. Specifically, the RR was formed as the ratio
between the mean predicted probability, whereas RD
was the difference in mean predicted probability. We
calculated RR and RD for three specific ages, 40, 60 and
80. We present findings for age 60 in the results section
and age 40 and 80 in the supplementary information



Page 5 of 16

(2021) 9:130

Bojanic et al. BMC Psychol

glusnbaiy
(90 vL0y  (T9l)9LSE (6'TT) 66y  (9'LL)LSL  (CSP)ce0L  (80€) 0459 (€L€)zo8  (v6l)LST (9£1)S19F (rs) siee (L) LLE (SO vy  0131eIpOIN
FTHyIoLL (LTe)ove'LL  (P'SL) Ly9L  (9°S8)6SLL (CES)6CE8  (S99)C0CYL  (6°6S)98CL  (8°'€L) L£6 (C9/)8000C (S¥8)vl8'Se  (L'4L) LTLT (TL8)TTSL  MOJJOON
uopdwins
-Uod [oyod|y
(@1 osl (¥'1) 86¢ (ro)es (s°€) Ly (€1) vor O1) 9ge (tarak: 14 (s'v) 65 02) 181 (ror)ooLe (Lz1) 69y (€1€) 9vs Buissiy
Lye)viv'yl  (£96) 19407 (T'16)986L (6°98) LLLL (1'€6) 09l (0°G6) €6¢'0C  (0°68) LL6L  (€°S8) OELL (€/8)ve6'ce (648) Lv6'Sc  (L°SL) LSOT  (E°¥S) 8¥6 5PNV
(1'%) 829 (670 1€9 (r9) 6€L (9°6) 0L (9°9) 148 (r'€) 0eL (8'8) 681 (zol)seL (L9 €6l 09 LLsL (8see  (rvl)ese pOAIIORU|
Auanoe
|ed1sAyd
(C0) ¥e (€0) 99 (so)oL (80 LL (€0) L9¢ 90 1SS (67) 29 (L1's) 89 @) vee @1 1Ls (orL) ev (0v) LL Buissin
Ecoct  (Tob)alee (£'8) 681 (6'LL) 191 (Sl e9ge  (0¥T) SELS (eog)osy  (V'6l)LsTt (L8 vvSL  (C0€)9Tee (Lve) 199  (0'8L) vLE SOA
(6'16) S86'€L  (568) 80K'61  (8°06) 8461 (€7£8)T8LL (TO4) [¥6'LL  (€L) €L9'SL  (8'9£)0S9L  (S'SL)666 (10/)08€'8l  (6£9)SSL'0C  (€vL)veEOT (0°8L) L9EL ON
Buppows
AIE )y}
(1'81) 95z (STT) 088y (zor)ovy  (0zv)69S (L91)€l9C (L6l Cley (8z1)z8e (TLW)9vSs (c¥E) 1106 (€60 Cv68 (0'L€)6¥8  (€£°55)996  duoje buiAn
2UO3WOS
61899l (5£4)01891  (8'6L) LELL  (0°8S)S8L (€€8)¥90'cl (€08) L¥l'LL  (TT8)99LL  (88S)8LL (£59),€T/L (£04)019'lc  (0°69) 688L (L '¥¥) 08L UHm BuIA
uonelqeyod
@19 vviy  (1'87) 8609 (092) SS9l (9'TL) €86 (ccav8re (€70 0LLY (€'s9) LovL (z0s)0g6 (8SL)Svly  (9/1)9LES (r99)618L  ('LL)TSEL §9<
@t erve (10 vLSy (€91)sse  (SvL) 6L (190) L60F  (0°€Q) €06¥ (rve)ses  (rel)LsT (6el)evoe  (9€l) 9Ly (£r07)99s  (L'vl) LST ¥9-95
(Cov)9e0L  (809)8LOLL (o) 291 (6T VLl (£199608  (£¥5)989'LL (€ol)zze (oL gL (€04 vS¥8L (889 vLO'lc  (6°CTL) €ESE (6°2) LEL §5>
(191) TS (891) 9°€S (zol)gos (ovl)soL (Ovl)Ses (9s1) S¢S (8'0L)889 (6°LL)v0L (L0OL)LLY (€91 9Ly (9°51) 089  (8°0L)9'LL  ,(PS) Ueay
(s1e9K) 2By
(celceoe  (1'10) 0LSy (risve  (s07)LLT (€01)609L  (TZL) ¥99€ (6oL)ver  (zT'LT)osT (/1) L¥Sh (L00) 99€L (o8L)oLs  (s'67)SLS SOA
(£98)06l'cl (682 0CL'ZL  (988)6T6L (S°6L) LLOL (/'68)890F7L (878)S69'/L  (L'68)¥L6L (88L) ¥¥OL (£78) L10L1T (651 96l'cc  (¥18)8TTT (S0L) LETL ON
JA1Ixuy
(5°6) 6171 (£'8) ¥881 (8vL)eze  (€TL) 9L (66) SSSL (€8)9sL1 (o9L) eve  (sZL)zET  (C0L) 889C (6'6) ¥10E (€07) LSS (0°€T) TOv SOA
(S06) e£2'el (€16)9086L  (T'S8)¥S8L  (££8)£8LL (106)CClyl (£'16) €856l  (0'¥8) SO8L (S'T8)T6OL (868) 095'€C (1°06)8eS'LC  (£'64) L8LT  (0°LL) pPEL ON
Luolssaidag
sa|gelep
(T'1p) (889) (9°19) (°8¢€) (€zpy) (£°L9) (6'19) (1°8¢€) (T9v) (8€S) (L'19) (6°8€)
TTT'sL=u  069'Llz=u LL1T=U pSEL=U [£/9'SL=U 6SE'lT=U 8ylLz=u vzeEL=Uu 8yr'or=u zSs'0e=u 8€LT=U ov/LL=uU
uapy uswop uapy usawom uay usawom usy uswomm uapy uswom VETT] uswom
(€'z6) TL6'9E =U (£'8) LESE=U (r'L6) 9€0°'LE=U (98) TLbE=u (£'76) 00895 = U (€°L) ¥8yy =u
SAAD-ON SAnd SAAD-ON Sand SAAD-ON SAnd
evy'or =u 8050V =u ¥8Z'L19=u

(61-£1027) ¥INNH

(80-9002) ELNNH

(86-5661) TLNNH

(%) u [e3oL

X35 AQ payneiis snieis sgad 01 buipiodde siuedidnied £ NAH PUe €INNH ‘ZLNNH JO sonsu1deieyd 3y L 3jqel



Page 6 of 16

(2021) 9:130

Bojanic et al. BMC Psychol

LW/B3 ST < |INg 135900 01 3yBramiano ! w/By §Z > [INg ;[ewou 03 1yBramiapun xapul ssew Apog = |Ng

(2am/sawn ¢ <) 3uanbauy 01 (9am/saWn £-7) 21RISPO

333M/3WIN | > 40 J9ASN = BupjuLIp MO| JO ON,

Kuanoe |eaisAyd paey sa (buiyleaiq Aaeay Jo buneams ou) Ayiande [edisAyd 1ybi]

seam sad Ayiande [edisAyd piey/1ybi| 310w 10 92U URY) SS3| = DAY

3oam sad Aynnoe [edisAyd piey/iybi| ou o JaAsU = dANDRU| |,

UOIRIASP plepuels = ps

A1v1xuy 3jedsgns-uolssaidag pue A1aIxuy [eUdSOH Y-SAVH ‘8 < Y-SAVH Aq pauysp swoirdwAs A1aixuy q

uoissaidaq a|easqns-uoissaidag pue A1aixuy [eudsoH Q-SAVH ‘8 < d-SAVH Aq pauyap swoldwAs uoissaidaq ,
Apms yijeaH bejepuai] syl ‘I NNH ‘s9seasip Jejnaseolpied ‘sgad

(S0) L (S0)9LL (6'L) zv (T2) Le (C0) L€ (€0) ¥9 (6'0) 61 (T 21 (90) 851 (6:0) £8C (T 6s (s°9) L6 Buissiy
95900 O}
(€T74) L00'LL  (C09) TSO'EL (9°2£)689L  (S'89)LT6 (8¥%/)St/'LL (809)8/6CL (€'8£)T89L  (9°€L)¥L6 (9°€9) G899 (F'€S) €CE9L (8'02)6€6L (S°£9)8LLL 1YDIRMISAQ
|ewiou
01 1yblam
(CLo 1wy  (€6€) zss (sor)ovy  (€67)96€ (0ST)SleE  (6'8€) £1€8 (8'00) vy  (zST)eee (8SE)SOV6  (LShTveel  (0LT)ovL  (0°LT) LLY -ispun
W/ yIWg
(60) el (1'1) 8ee (£1) L€ (8'7) 8¢ ©91)9s¢ (L0 185 (8'2) 09 (8'9) 06 (c9) SeolL (1'8) €9vC (6'0L)00€  (€0L)08L Buissiy
(TLy) (8'89) (9°L9) (v'8€) (€zy) (£°£S) (6°L9) (1'8€) (T9ov) (8°€9) (1°19) (6'8€)
TTT'sL=u  069'lz=u LL1T=Uu pSEL=U [/9'SL=U 6SE'lZ=U 8ylz=u vZEL=U 8YT'9r=uU 7SS0E=U 8e€LT=u op/L=u
[VETT] USWIOM [VEIN] USWIOM uspy USWIOM uspy USWIOM [VEIT] USWIOM [VEIN] U3WIOM
(€'z6) TL6'9E =U (£8) LESE=U (r'L6) 9€0°'LE=U (9'8) TLvE=U (£'26) 00895 =u (€°L)v8vy =u
SAAD-ON Sand SAAD-ON Sand SAAD-ON Sand
evv'or=u 8050y =Uu ¥87'19=u

(61-£102) ¥INNH

(80-9002) ELNNH

(86-5661) TLNNH (%) u [e3oL

(panunuod) | sjqel



Page 7 of 16

(2021) 9:130

Bojanic et al. BMC Psychol

glusnbaiy
(8'90) S8 (€91) 6¥9¢ (8£1) L¥T (08) L6 (6vv) 0£5L (£°0€) 0899 (r'e€) €T€ (zov)ovL (T/1)918Y (€1) €6CC (€z1) 901 (L'€)9z  O131eI9pON
(ccn 608l (5C8)sLs'sl  (£'08) L60L  (S'68) 680L (€€5)8868  (¥'99) 8S¥'yL  (8'%9) LT9 (s'6L)6LL (€94 SEV'LT  (S¥8) TL5'9C (5°££)999  (1'88)9¥L  MO|JOON
uondwns
-uod [oyodly
1) Lee (91) 8¥¢ (07 LT (52 LE 1) LeC (£'1) 89¢ (') st (0¢) LT (L1)LS1T (801) LOvE (091)8€L (5°82) L¥T Buissiy
(F¥6) 9S'SL  (€56) £8€'LC (£'06)9zZL (€£°06) 660L (87T6) €¥9'SL  (L¥6) 0790C  (£'68) 898 (9°88) L08 (5'98) L6C'YC  (6'€8) ¥/E'9C (€°9£) 959 (5°6S) ¥0S SONY
(€) €89 (1'€) 10L (€°2) 66 (To) L8 (8'9) 9.6 (9°€) 88, (8'8) 58 (r'8) 9L (8'9) 6€91 (£'G) 0991 (£°£)99 (o'zL) zol pRAldRU|
Aianoe
|ed1sAyd
(€0) LS #0) 16 (r'0)9 @VwL (¥'0) 60% (97) 8.5 (Lgot (SV) LY (L) sve (6'1) 809 oLt (ov) ve Buissiy
(rg)gLel  (€0l) Leee (8z)soL  (e0L)€cL (S1Q)0C9e  (OVD) vees (981) 081 (5°8L) £91 (587) €008  (0°0€) 6176 (€ca)zel  (6°€L)8LL SOA
(O'16) L667L  (€£68) ¥20'0C (8'L6) LbZL  (6°£8)0L0L (1'9/) 78Tl (Ve vL6'SL  (€°64) 89L (0°££)969 (€0 6£L'61  (1'89) 80¥'LC (€°S4) LV9 (1'Z8) S69 ON
pul
Sjows JuslnD
(¥'8l) Slo€ (€€0) Tees (6°02) 8T (6'€€) €LY (891) 58T (S00) 0L¥y (9£1)0LL (9'L€) 98T (0F€) L5S6 (C0og) s8v6 (€v€) S6T (9°6%) 0zy  duofe BuIAI
2U03WOS
©'18) LSE'EL (L9 ¥0T'LL (L'6z)oLoL  (L'99) 08 (C€8) LEOVL (564)90€'ZL  (¥'Z8) 86L (r'89)8L9 (099) 9€5'81L  (8'69) 056'LC (£°59) 595 (t'08) LTy yum BuiAn
uoneyqeyod
(8%¢€) 5695 (6'60) £T/9 (6'¥9) £L8 (6°£8) 0L  (1'97) 00vY (0v0) LTTs (1'0s) s8¥ (L'es) 1Ly (S61) SLvs (L61) 6 (L£vS) LLY (9°29) 0€S G9<
(8'10)99s¢  (£00) ¥e9y (o1r)ze (6'6L)TVT (9SO Cley  (9CD)9 (6°L€) 60€ (o) vvz (vl 8voy  (L€L) l6ch (e81) £SL (S'vL) €Tl ¥9-5S
(rev) SOLL (Fev) SLO'LL (s'eL) €8l (TTa oLz (€89 v (Fes) eco'tl  (08L) vLL (6'027)68L (199) ¥95'8L  (999) ¢S6'0C (0'2T) TeT (6'TT) V61 55>
(S91) ¥'95 (Lzn€es L) sz9  (9vL)0's9 (0SL)8vs (6sL) L (€11) 979 (TeL) £v9 (€91)98y (891) ¥'8¥ (SvL)9€9  (6'1L) L'99  ,(PS) UBSN
(s1e9K) 9By
(cel)zsle ('L veLy (ozL) LLL (L€n) 18T  (€01) Lp/L (1) 88L¢ (soL) zoL (€£1)9SL (v'/1) S68Y (E¥0) ¥¥9L (r'81L) 8sL (s'sz)ole SOA
(L98)¥8L'yL (684 c0LLL  (L8)L8LL  (6'9£)9€6 (£68)SLL'SL (978)886'/L  (S°68) 998 (e8)8vL (978)el'sc (LS4 L6L'€T (9'18)T0L  (S'PL) LE9 ON
JA1Ixuy
(1'oL) €991 (88) L961 (r'eL) 18l (9°€1) S9L  (S01) S9/L (£'9) 5681 (oeL) zeL (STL) €LL (O'LL) €80€ (€ol) esze (r'£1) 0SL (€'81) sSL SOA
(668) €LYl (CL6)69¥0C  (9798) LLLL  (#'98) TSOL (568) L60'SL  (E716) 18861l  (1'98) 9€8 (s'£8) 164 (068) ¥00'SC  (£'68) 81'8C (9z8)oLL  (£'18) T69 ON
Luolssaidag
sa|gelep
(Tzy) (8°£5) (9729) (r'Ly) (9°€D) (r99) (£°15) (€°8Y) (TLy) (8'2S) (°0S) (9°6t)
99€9L =U  9gp'TT=U ZSEL=U L1ZL=Uu 96e8'9L=u 9//'lz=U 896 =U Y06 =U [80'8T=U SEY'LE=U 098 =u Ly8=U
uapy usawop uapy uswom uapy usawom uapy usawom usapy uawop usy usawop
(8'¢6) T08'8E =U (T°9) 695 =u (r's6) ze9'8e =u (9'v) TL8L=u (T°L6) TTS'6S =U (8'7) LoLL=u
Wa-oN wa Wa-oN wa WQ-oN wa
LLE'Lp=u vos‘or =u 6TT'19=Uu
(61-£1027) ¥INNH (80-9007) ELNNH (86-5661) ZLNNH (%) u je3oL

x3s Aq paynelis W@ 01 buipiodde siuediinied Apnis ] NOH pPUe £1NNH ‘ZLNNH JO dnsu1deieyd 3y | ¢ 3jqel



Page 8 of 16

(2021) 9:130

Bojanic et al. BMC Psychol

LW/B3 ST < |INg 135900 01 3yBramiano {,w/By Gz > [INg ;[ewiou 01 1ybiamiapun xapul ssew Apog = |Ng

(2aMm/sawin <) Juanbaly 01 (99M/saWI] €-7) 91BISPOIN

X39M/3W3 | > 10 J3ASN = BUDIULP MO| 4O ON

Auanoe |esisAyd paey sa (buiyleaiq Aaeay o buneams ou) Ayiande [edisAyd 1ybi]

seam sad Aniande [edisAyd paey/1ybi| 310w 10 92U URY) SS3| = DAY

oam sad Aynnoe [edisAyd piey/1ybi| ou 1o JaAsU = dANDRU| |,

UOIRIASP plepuels = ps

A1vIxuy 9jedsgns-uolssaidag pue A1aIxuy [eUdsOH Y-SAVH * < Y-SAVH Ag pauysp swordwiAs A1eixuy q

‘uoissaidaq ajeasqgns-uoissaidaq pue A1eIxuy [eudsoH Q-SAVH ‘8 < A-SAVYH Ag pauyap swoldwis uoissaidaq ,
Apmis yijeay Bedpudi] 3y L INNH ‘snajjpw sa1ageid ‘Wa

(90) S6 90) Tl (s'1) 1z (N4 (€0) 9 (€0) 89 (oot wueL (L0 o6l (1I'1) 7€ (6'1) 9L (6v) v Buissi
wmwﬂo 0l
@z L1811 (L69) 68€L  (L'€8) LELL  (£718)686 (/7/)88STL  (909)007'€l  (9'¥8) 618 (L'€8) LSL (6€9)TS6'LL  (9€9) 1489l (L'SZ)9¥9  (6'94) LS9 1YBIeMISAD
|ewiou
011yBram
Lo vsvy  (L6€) L068 (8vL)ooz (9L ¥lz (I'So) ey (1'6€) 8058 (Fbl) 6EL (SsLovL (Fse)svee  (€5Y) 1Tyl (0°€T)86L  (T'8L)bSL -1I9pun
(W/Bx) yIWg
ozl @ e (s'1) 0z (sLe (86T (67 8£9 (8'1)8L (ev) 6 (59) 9581 (@9 045¢C (zoL) 88 (8'8)SL Buissiy
(Tzy) (8£5) (9'25) (L) (9'€v) (¥°9s) (£15) (€°'8%) (TLv) (8'Z8) (¥0s) (9°6%)
99€’9L=U 9gp'TZ=U  TSEL=U  [IZTL=U 9S89L=UuU 9//'lz=u 896 =u Y06 =U [80'8T=U SEp'lE=U 098 =u L¥8=u
usN UaWop\ U uswo\ YEIN] UawWIo\ usN UawWIo\ usiy UaWop\ [VEIN] uswop\
(8'€6) z0g'8E =u (z9) 6957 =u (b's6) zeg'ge =u (9v)zL8L=u (T'£6) TZS'6S =U (8'7) LoLL=u
Wa-oN wa Wa-oN wa WQa-oN wa
LLE'Lp=u ¥0S'0v =u 62T'L19=U

(61-£107) ¥INNH

(80-9007) ELNNH

(86-5661) TLNNH (%) u [e3oL

(panunuod) g ajqel



Bojanic et al. BMC Psychol (2021) 9:130

(see Additional files 1 and 2 for CVDs and DM analysis,
respectively). Associations of diseases status (i.e., CVDs
and DM) and self-reported depression and anxiety are
reported with 95 per cent confidence intervals (95% CI).
All statistical models were sex-stratified. The models
considered first age adjustment (age and age squared),
followed by the inclusion of other sociodemographic var-
iables (i.e., smoking and cohabitation) and finally, lifestyle
measurements (i.e., alcohol consumption, physical activ-
ity and BMI). First we adjusted for BMI using categorical
approach with cut-off at 25 kg/m? Second, we used BMI
as a continuous variable with restricted cubic splines
and tested for possible non-linear associations between
the continuous change of BMI and the outcome (anxiety
and depression symptoms) at four prespecified locations
according to percentiles of BMI distribution (i.e., 5th,
25th, 75th and 95th) that correspond to different BMI
values (i.e., 20.7 kg/m?, 24.1 kg/m?, 26.3 kg/m?, 28.9 kg/
m?, and 34.9 kg/m?, respectively).Statistically significant
associations of self-reported depression and anxiety with
CVDs (Table 3) and DM (Table 4) are highlighted in bold.
The statistical software STATA® (version 16) was used in
the analysis.

Results

Study population characteristics

Table 1 shows the HUNT2, HUNT3 and HUNT4
study participants’ characteristics within sex-stratified
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samples according to CVDs status. Overall, the preva-
lence of CVDs was relatively stable from HUNT2 to
HUNT4 (range from 7.3 to 8.7%) and higher in women
than men. CVDs groups consistently reported higher
rates of depression than the no-CVDs group across age,
sexes and study waves, yet for anxiety, this pattern was
only observed in women and limited to the first two
waves of the study. In contrast, DM prevalence consist-
ently increased from HUNT2 to HUNT4 (range from
2.8 to 6.2%), with rates slightly higher in men than
women, whereas differences in depression and anxiety
symptom load between DM and no-DM groups were
less prominent (Table 2). Participants reporting disease
(i.e., CVDs or DM) were often 65 years and older, non-
smokers, physically active, reported no to low monthly
alcohol consumption and were more often overweight
or obese.

Figure 2 shows the age-standardized anxiety and
depression symptom prevalence of participants with
CVDs compared to the no-CVDs group for the study
period 1995-2019. Within CVDs groups, the symptom
of depression decreased consistently in women whereas
initially declined and subsequently increased in men, the
trends resulting in an overall decrease in both sexes over
the total study period (from HUNT2 to HUNT4). On
the other hand, the trend in depressive symptom preva-
lence in groups with no CVDs was stable. Anxiety symp-
tom prevalence declined in the first (1995-2008) and

Depression symptom prevalence in % (95%Cl) | gf\’l'l;:VDs Anxiety symptom prevalence in % (95%Cl)
—_— s
40 Women |40
@ Men
35 35
30 30
25 25
20 20
15 15
10 10
5 5
0 r 0
HUNT2 HUNT3 HUNT4 HUNT2 HUNT3 HUNT4
(1995-97) (2006-08) (2017-19) (1995-97) (2006-08) (2017-19)
Fig. 2 Trends in depression and anxiety symptom prevalence? according to cardiovascular diseases (CVDs) status, the HUNT 1995-2019.
?Age-standardized using the age distribution of participants attending a screening in HUNT3 as the standard population. HUNT, The Trendelag
Health Study
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increased in the last study period (2008—-2019) across all
study groups and sexes, resulting in an overall decrease
in participants with CVDs and relative stability in groups
without this condition. Women reported higher anxiety
scores than men, a trend observed across all study groups
and periods.

Similarly, Fig. 3 shows the age-standardized preva-
lence of symptoms of anxiety and depression in partici-
pants according to DM status. Within DM groups of both
sexes, depressive symptom prevalence showed an overall
decline in the first period yet increased slightly in women
and remained largely unchanged in men throughout the
study period. Such trend resulted in an overall depres-
sive symptom decrease in men with DM and rela-
tive symptom stability in women with this condition.
From HUNT2 to HUNT3, anxiety symptom prevalence
declined across all study groups and sexes and subse-
quently increased again in HUNT4, so that anxiety prev-
alence rates in DM groups remained largely unchanged
in women and declined in men. As in CVDs analyses,
depression symptom prevalence remained relatively sta-
ble in no-DM participants of both sexes, whereas anxiety
symptoms increased in the first and declined in the last
period.

Associations of cardiovascular diseases and diabetes

with depression and anxiety symptoms at age 60

Table 3 shows associations of CVDs with symptoms
of depression and anxiety at age 60 years for men and
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women in HUNT2, HUNT3 and HUNT4. Overall, the
risk differences between individuals with and without
CVDs declined over time for both sexes yet remained
statistically significant in men. Among women, RD
for depression decreased from 0.08 (95% CI 0.07-0.1)
in HUNT2 to 0.05 (95% CI 0.04—0.07) in HUNTS3. In
HUNT4, there was no statistical evidence for any differ-
ence between those with and without CVDs on either
depression or anxiety symptoms among women. Men
with CVDs in HUNT4 had a 26% higher risk for symp-
toms of depression than males with no CVDs, with an
absolute RD of 0.03 (95% CI 0.01-0.04). In contrast, there
was no statistical evidence for any difference between
CVDs groups and anxiety symptoms among men in
HUNT4.

Table 4 shows that among adults at the age of 60
with DM in HUNT?2, the risk for depression and anxi-
ety symptoms above cut-off levels was raised by 36%
compared to no-DM groups as a reference, with an RD
of 0.04 (95% CI 0.02-0.07). There was no difference
between DM and anxiety or depression risks in either
sex in HUNT3, whereas 11 years later (HUNT4), DM
was associated with a 24% increased risk for depres-
sion and 13% increased risk for anxiety in women but
not in men. Further adjustment for sociodemographic
and lifestyle variables yielded minimal changes in risk
estimates in both CVDs and DM analysis (Tables 3, 4),
and thus, these variables were not included in the final
model.

Depression symptom prevalence in % (95%Cl) = Anxiety symptom prevalence in % (95%Cl)
...... -~
40 — O™ 40
@®» Women
35 - ien 35
30 ; 30
25 25
20 ; 20
15 15
10 ; 10
5 5
0, , . , i 0 - ; ; .
E HUNT2 i HUNT3 E HUNT4 E E HUNT2 E HUNT3 E HUNT4 i
(1995-97) (2006-08) (2017-19) (1995-97) (2006-08) (2017-19)
Fig. 3 Trends in depression and anxiety symptom prevalence?® according to diabetes mellitus (DM) status, the HUNT 1995-2019. *Age-standardized
using the age distribution of participants attending a screening in HUNT3 as the standard population. HUNT, The Trandelag Health Study
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Table 3 Associations of CVDs with depression and anxiety symptoms in HUNT2 (1995-97), HUNT3 (2006-08) and HUNT4 (2017-19),
multi-level logistic analysis

HUNT2 (1995-97)

HUNT3 (2006-08)

HUNT4 (2017-19)

HUNT2 (1995-97)

HUNT3 (2006-08)

HUNT4 (2017-19)

RR (95% ClI) RR (95% Cl) RR (95% Cl) RD (95% ClI) RD (95% ClI) RD (95% CI)
Depression
Women 1.72(1.55-1.88) 1.57 (1.37-1.76) 1.10 (0.94-1.26) 0.08 (0.07-0.10) 0.05 (0.04-0.07) 0.01 (—0.01t0 0.03)
n=45726
Men 1.45(1.33-1.57) 1.25(1.12-1.38) 1.26 (1.12-1.39) 0.06 (0.04-0.07) 0.03 (0.01-0.04) 0.03 (0.01 to 0.04)
n=39012
Anxiety
Women 1.39(1.28-1.49) 1.28 (1.15-1.40) 1.03 (0.93-1.14) 0.09 (0.07-0.11) 0.05 (0.03-0.07) 0.01 (— 0.01t0 0.03)
n = 45,095
Men 1.37 (1.25-1.48) 1.28(1.12-1.43) 1.07 (0.95-1.19) 0.06 (0.04-0.08) 0.03 (0.01-0.04) 0.01 (— 0.01t0 0.03)
n=38,754

Adjusted for age and age squared. Risk Ratio (RR) and Risk Difference (RD) between individuals reporting CVDs and no-CVDs (ref)) at age 60
CVDs, Cardiovascular diseases; HUNT, The Trendelag Health Study; RR, Risk ratio; RD, Risk difference; Cl, Confidence Interval

Table 4 Associations of DM with depression and anxiety symptoms in HUNT2 (1995-97), HUNT3 (2006-08) and HUNT4 (2017-19),
multi-level logistic analysis

HUNT2 (1995-97)

HUNT3 (2006-08)

HUNT4 (2017-19)

HUNT2 (1995-97)
RD (95% ClI)

HUNT3 (2006-08)
RD (95% ClI)

HUNT4 (2017-19)
RD (95% CI)

0.04 (0.02-0.07)

0.03 (0.01-0.05)

0.02 (— 0.00 t0 0.04)

0.01 (—0.01t0 0.03)

0.02 (0.01 t0 0.04)

0.01 (—0.01t0 0.03)

RR (95% Cl) RR (95% Cl) RR (95% Cl)
Depression
Women 1.36 (1.17-1.56) 1.18 (0.98-1.38) 1.24 (1.06-1.42)
n = 45:844
Men 1.22(1.04-1.40) 1.07 (0.90-1.24) 1.09 (0.94-1.23)
n = 39,095
Anxiety
Women 1.12 (1.00-1.25) 1.05(0.91-1.19) 1.13(1.02-1.24)
n=45219
Men 1.21(1.04-1.38) 1.13(0.93-1.33) 1.12 (0.97-1.26)
n = 38,838

0.03(=0.00t00.06) 001(-002t0c0.03) 0.03(0.01-0.05)

0.03 (0.01-0.06) 001 (=001t00.03) 0.02 (- 0.00 to 0.04)

Adjusted for age and age squared. risk ratio (RR) and risk difference (RD) between individuals reporting DM and no-DM (ref.) at age 60
DM, diabetes mellitus; HUNT, The Trendelag Health Study; RR, risk difference; RD, risk ratio; Cl, confidence interval

Discussion

Findings from three waves (1995-2019) of this pop-
ulation-based study of more than 140,000 adults
showed higher depression and anxiety symptom prev-
alence in groups with CVDs and DM than no-disease
groups, and differences were generally more pro-
nounced in CVDs than DM. Overall, there was a gen-
eral decline in depression symptom prevalence in the
same period for all study groups. Anxiety symptom
prevalence decreased initially and increased in the last
decade across study groups and sexes; still, there was
an overall symptom reduction in participants with and
without CVDs or DM. These trends are not in keep-
ing with a meta-analysis that suggested no change in
the global prevalence of depression and anxiety in the
general populations in 21 world regions between 1990
and 2010 [7]. Nevertheless, our results partially reflect

patterns of depression and anxiety prevalence in other
Scandinavian countries [48-50] and confirm existing
evidence of the higher prevalence of depressive and
anxiety symptoms in populations with CVDs or DM
than in the general adults [9, 10].

Prevalence of depression and anxiety symptoms according
to cardiovascular disease and diabetes status

Depression and anxiety symptoms and disorders often
overlap with CVDs and DM (17, 24, 25, 51] and are more
frequent in people with these wide-spread physical con-
ditions than in the general population [9, 10]. Largely in
line with our findings, worldwide population-based sur-
vey data from 17 countries, showed that the prevalence
of clinically diagnosed depression and anxiety is generally
higher in CVDs and DM populations than those with no
such conditions, consistently across countries, sexes, and
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age [9, 10]. However, although not directly comparable,
the depressive symptom prevalence in CVDs groups for
the period 2006-08 (HUNTS3) in our data was closer to
the prevalence reported for the corresponding period in
the recent US studies—ranging from 15.8 to 18.3% [52,
53], than the pooled depressive symptom prevalence in
community-dwelling adults with CVDs in China and
Iran ranging from 35 to 47% [15, 18]. Thus, our findings
broadly agree with the evidence on the prevalence of
depression (i.e., self-reported or clinically diagnosed) in
the people with CVDs and the general public to be lower
in Western countries than in non-Western world region
(54, 55].

Secular trends in the prevalence of depression and anxiety
symptoms

Although it is well established that depression and anxi-
ety prevalence is generally higher in people with chronic
medical conditions than those without, findings on time
changes in depression and anxiety symptom prevalence
in the general population and groups with CVDs or DM
have been inconsistent. Epidemiological studies from
the last two decades have observed an overall increase in
depression and anxiety prevalence in the general popula-
tion [48, 56, 57] and CVDs and DM populations [10, 57,
58]. In contrast, other studies report that these mental
conditions are on the rise in general adult populations [7,
59, 60] and populations with CVDs and DM [23, 53, 61].

In contrast to our findings, studies from the USA
showed that depressive symptom prevalence increased
in the general population from 2005 to 2016 [57], while
no change was found in community-dwelling adults with
heart disease (aged 20—80 years) in the same period [53].
Moreover, our prevalence rates of non-disease groups
align with the literature review and meta-analysis of
studies on the global prevalence of depression and anxi-
ety symptoms, revealing relative stable rates from 1990
through 2005 to 2010 [7]. However, the overall decline
of depression symptoms across CVDs/DM groups in this
study corresponds to a general reduction in the pooled
global prevalence of depression symptoms and disor-
ders observed in various outpatient groups from 1995
to 2010, from 83 cross-sectional studies mainly from
Europe, Asia and North America [54]. This change was
partly explained by improved treatment and awareness of
these psychological conditions [54]. Similarly, the decline
in depressive symptom rates was observed in a popula-
tion-based sample of Mexican adults with DM (aged
> 50 years) from 2001 to 2015 [23].

A decrease in anxiety symptom prevalence from 1995
to 2008 in our data is not in keeping with a meta-analy-
sis that relied on data from 44 countries and concluded
no change in the global prevalence of anxiety in adults

Page 12 of 16

(clinically diagnosed or self-reported) for the period
1990-2010 [8]. On the other hand, Swedish findings from
1980 to 2005 showed a general increase in self-reported
anxiety rates among adults aged 16—63 years [48]. Nev-
ertheless, the same study also observed a decline in
anxiety symptom prevalence in the oldest female groups
(aged 64-71 years), in line with trends observed in our
data. Similarly, another population-based Swedish study
that examined time trends in self-reported anxiety from
1997 to 2006 reported an increase in participants aged
< 24 years, whereas a decrease or stable estimates in the
other adult groups (25 years and more) from 2001 and
onwards [49]. A study of national representative Dutch
adults (aged 18-64 years) observed no change in the
prevalence of clinically diagnosed anxiety and depression
from 1995 to 2009 [50].

Variations in instruments and criteria, sampling, study
location/country, and characteristics of underlying popu-
lations make it difficult to directly compare and interpret
study findings [62, 63]. In sum, changes in depression and
anxiety symptom prevalence for the period 1995-2019
(HUNT?2 to HUNT4) within a national representative
sample of Norwegian adults are in keeping with com-
parable studies reporting on depression and anxiety
symptom trends in the same age groups in other Scan-
dinavian countries [48, 50]. Moreover, anxiety symp-
tom rates for the period 2006—-19 (HUNT3 to HUNT4)
showed a marked increase across all study groups and in
both sexes. The increase in anxiety symptoms has been
linked to the global rise in psychological stressors such as
work-life stress [64], urbanization [65] and social media
use [66] observed in past decades. However, understand-
ing the extent to which our findings on increasing anxiety
prevalence reflect the growing trend in stress-related risk
factors for anxiety, particularly within specific subgroups,
requires further investigation. On the other hand, the
overall reduction in symptoms of depression and anxi-
ety in our study over two decades may, in addition to
the above-mentioned cohort effect, to some degree be
a result of altered lifestyle behaviour (i.e., non-smoking,
physical activity and no-low alcohol use) of study par-
ticipants becoming "healthier" from HUNT2 to HUNT3,
particularly in those with a diagnosis of CVDs and DM,
which in turn could have contributed to improved mental
health outcomes [67—-69]. However, the overall decrease
or relative stability of mental health symptoms in our
data may reflect an overall improved public recognition
of common mental conditions, particularly in groups
with wide-spread physical conditions or increased aware-
ness of people with such diseases to seek mental health
help [60, 70].

Importantly, the diagnostic criteria for several physi-
cal illnesses have changed around the time of HUNT2
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[71]. These changes lowered the thresholds for CVDs
and DM diagnosis, contributing to higher prevalence and
a "healthier" population with these conditions [72, 73].
This change might, at least partly, contribute to the gen-
eral decline of the existing depression symptom burden
across the three HUNT surveys and the drop in anxiety
symptoms from HUNT 2 to HUNT3. Nevertheless, these
changes have most likely affected CVDs and DM popu-
lations similarly in most of the world—both in terms of
physical and mental symptom burden.

Higher prevalence, severity, and burden of anxiety
and depression have consistently been documented in
women compared to men in general, CVDs and DM pop-
ulations [5, 6, 21, 22, 52]. Our study confirmed existing
evidence that anxiety symptoms were more common in
women than in men, irrespectively of CVDs or DM sta-
tus. In contrast, the analysis of our data generally yielded
marginal sex-differences in depressive symptom preva-
lence, except in the CVDs population in HUNT4, where
men reported more depression than women. This can
largely be attributed to the psychometric properties of
the HADS-D subscale, also confirmed in a previous study
of the HUNT?2 cohort [74].

Associations of anxiety and depression symptoms

with cardiovascular diseases and diabetes

In our study, CVDs or DM was positively associated
with depression and anxiety symptom risk in HUNT2
(1995-97). However, over 22 years, these associations
declined, except for CVDs and symptoms of depres-
sion in men that remained across studies. Moreover, in
women, DM was associated with an increased risk of psy-
chological symptoms, greater for depression than anxiety
in HUNT2 and HUNT4.

The findings that CVDs are significantly associated
with symptoms of depression and anxiety are consistent
with literature showing that these psychological symp-
toms are common after CVDs [16, 20, 75]. A literature
review and meta-analysis of studies examining several
vascular risk factors of late-life depression (clinically
diagnosed or self-reported) found positive associations
of CVDs with depression (pooled OR 1.76; 95% CI 1.52—
2.04) [68]. Similarly, a meta-analysis reporting on post-
stroke anxiety found self-reported anxiety in one of five
stroke survivors [16]. The strength and significance of the
associations of CVDs with depression and anxiety symp-
toms in our data changed over time across sexes, the
results inconsistent compared to previous research. How-
ever, research has addressed that psychological reactions
following CVDs events differ in women and men. Results
from a meta-analysis of studies examining depression
after CVDs diagnosis/events across sexes suggested that
women experience a higher level of depression initially
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after a coronary heart event than men. However, in most
women, symptoms tend toward improving over time,
whereas men typically reported more long-lasting dis-
tress and depressive symptom burden [76].

It has been documented that several psychological
conditions related to diabetes, such as stress followed by
the diagnosis, feeling of the burden caused by demand-
ing lifestyle and self-care behavior, fear of hypoglycemia,
diabetes complication, and invasive procedures, may
impose depression and anxiety [77]. Moreover, a meta-
analysis showed that DM is associated with, on average,
a 30% increased risk for both self-reported and clinically
diagnosed depression [24], which partly correspond to
our findings. However, these associations remained sta-
tistically significant only in women in two study waves
about 20 years apart. These findings agree with a litera-
ture review on diabetes stress, an emotional state char-
acteristical for type 2DM, that reported diabetes stress is
more frequent in women than men and often followed by
depression [78].

Strengths and limitations

This study has several strengths. First, it used an inter-
nationally renowned health database to examine changes
in depression and anxiety symptoms over more than
20 years in people with CVDs, DM, and adults residing in
the same area without these diseases. Second, the study
sample is relatively large and comprises an adult popula-
tion representative of the general Norwegian adult popu-
lation. Of note, HADS was specifically designed to detect
anxiety and depression in patients with cardiovascular/
physical conditions. Therefore, it covers core psychologi-
cal symptoms of depression and anxiety, yet excludes all
physical conditions (i.e., dizziness, fatigue, insomnia, and
others) frequently present in both mental and physical
disorders to avoid misclassification and reverse causality
[13, 79].

This study also has some limitations. Depression and
anxiety symptoms were based on self-rating rather than
clinical interviews. This makes direct comparison with
studies of diagnostic categories of anxiety and depression
difficult. However, it is quite time consuming to perform
diagnostic interviews, and this method is hardly feasible
in large scale studies such as HUNT. In addition, using
self-reported instruments with cut-off values to meas-
ure anxiety and depression levels might represent a pos-
sible source of bias, and using continuous scores could
have utilized the available information along the whole
range of the HADS scale. Thus, the definitive diagnosis of
depression must be based on the results from the clinical
interviews and the assessment of functional and somatic
symptoms. However, the HADS instrument has been
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used in various settings, and cut-off levels have been well
defined in the literature [39].

Furthermore, decreasing participation rates from
HUNT?2 to HUNTS3 (i.e., on average, by 15.4%) may also
have influenced the results. However, it should be noted
that participation rates alone do not necessarily indicate
selection bias [80]. Further, CVDs and DM were self-
reported, which introduce the possibility that reporting
bias and misclassification may have affected our results.

Overall, this study’s results can mainly be generalized
to middle-aged and elderly community-dwelling adults
[37]. The overall prevalence rates of CVDs, DM, anxiety
and depression, are likely underestimated as some indi-
viduals were too ill to participate. However, we argue that
this study provides valid, up-to-date information on time
trends in anxiety and depression symptoms in a nation-
ally representative sample of adults over 22 years, across
CVDs and DM status and age.

Conclusion

We observed a declining trend in symptoms of depres-
sion and anxiety for the last two decades, irrespectively of
age, sex, and CVDs or DM status. Women reported con-
sistently more anxiety than men, whereas associations of
CVDs with depression symptom remained over time in
men. However, our findings indicate that depression and
anxiety symptom load is still higher in people with CVDs
or DM than in the general public. Anxiety and particu-
larly depression are negatively associated with help-seek-
ing, adherence to treatment and outcomes of CVDs and
DM. Therefore, more attention to those with coexisting
mental health problems during the treatment of these
physical diseases should be warranted. Further research
should focus on how the treatment of depression and
anxiety might improve CVDs and DM outcomes, and
vice versa.
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