Data supplement to Batelaan et al. Anxiety and new onset of cardiovascular disease:
critical review and meta-analysis. Br J Psychiatry doi: 10.1192/bjp.bp.114.156554

Supplement DS1 Search strategy PubMed.

Search (((Anxiety [Mesh] OR “Anxiety disorders’[Mesh] OR anxiet* [tiab] OR anxious* [tiab] OR worry*
[tiab] OR worries* [tiab] OR Panic* [tiab] OR phobi* [tiab] OR “post-traumatic stress”[tiab] OR
“posttraumatic stress”[tiab] OR agoraphobi* [tiab])) AND (“myocardial ischemia” [mesh] OR
“myocardial ischemia” [tiab] OR “heart arrest’[mesh] OR “heart arrest” [tiab] OR “sudden cardiac
death” [tiab] OR “acute coronary syndrome”[tiab] OR “angina pectoris”[tiab] OR “coronary disease”
[tiab] OR “coronary diseases”[tiab] OR “myocardial infarction”[tiab] OR stroke [mesh] OR stroke [tiab]
OR “Brain ischemia’[mesh] OR “brain ischemia”[tiab] OR “cerebrovascular disorder” [tiab] OR
“cerebrovascular disorders”[tiab] OR “cerebrovascular disease”[tiab] OR “cerebrovascular diseases”
[tiab] OR “peripheral arterial disease’[mesh] OR “peripheral arterial disease”[tiab] OR “peripheral
arterial diseases”[tiab] OR “Intermittent claudication’[Mesh] OR “intermittent claudication” [tiab] OR
“cardiovascular mortality” [tiab] OR “cardiac death”[tiab] OR “cardiac mortality” [tiab] OR
“cardiovascular disease”[tiab] OR “cardiovascular diseases”[tiab] OR “cardiovascular outcome”[tiab]
OR “cardiovascular outcomes”[tiab] OR “cardiovascular death” [tiab])) AND (Cohort[TIAB] OR “Cohort
Studies’[Mesh] OR longitudinal[TIAB] OR prospective*[TIAB] OR “prospective studies” [Mesh] OR
“Follow-up studies” [Mesh] OR “follow-up studies”[tiab])

This search strategy has been translated for additional searches in both Embase and PsyclInfo.



Table DS1 Quality of studies according to Hayden et al

12,a

Domains’ 3 4 5 6 Total
Carriére (31) 2013 1 1 2 1 2 1 8
Gustad (90) 2013 1 2 2 2 1 2 10
Mykletun (48) 2007 0 2 2 1 2 2 9
Holt (27) 2013 0 1 2 0 1 2 6
Vaccarino (91) 2013 2 2 2 0 2 2 10
Chou (92) 2012 0 2 0 1 1 2 6
Chen (93) 2009 1 2 0 2 1 2 7
Jordan (94) 2011 1 0 2 0 1 2 6
Davidson (25) 2010 2 2 2 1 2 2 11
Jansky (54) 2010 CHD 2 2 2 1 1 2 10
Mi 2 2 2 1 1 2 10
Scherrer (95) 2010 1 2 0 2 2 2 9
Denollet (46) 2009 1 2 1 1 0 2 7
Kubzansky (96) 2009 CHD 1 1 2 0 2 2 8
Mi 1 1 2 1 2 2 9
Phillips (26) 2009 1 1 2 1 2 2 9
Boscarino (97) 2009 2 1 2 1 2 2 10
Holman (49) 2008 0 2 1 1 1 2 7
Jakobsen (98) 2008 1 2 0 2 1 2 8
Walters (99) 2008 CVD death 2 2 0 2 1 2 8
CHD 1
Mi 2
Brenes (32) 2007 1 2 0 1 2 1 7
Gafarov (100) 2007 Ml 1 1 1 1 0 1 5
Stroke 1 1 1 1 0 1 5
Smoller (52) 2007 CVD 1 1 2 1 2 2 9
CHD 1 1 2 1 2 2 9
Stroke 1 1 2 1 2 2 9
Boyle (101) 2006 1 2 1 1 1 2 8
Kubzansky (102) 2006 CHD 1 1 2 1 1 2 8
MI nonfatal 1 1 2 2 1 2 9
CHD death 1 1 2 2 1 2 9
Ostir (50) 2006 1 2 2 1 1 2 9
Thurston (103) 2006 1 2 2 1 1 2 9
Albert (39) 2005 CHD death 1 2 2 2 1 2 10
MI nonfatal 1 2 2 2 1 2 10
Gomez- Caminero (34) 2005 CHD 2 2 0 1 2 2 9
Nicholson (57) 2005 1 2 2 0 0 1 6
Ringback Weitoft (51) 2005 1 2 0 1 1 2 7
Yasuda (53) 2002  Stroke death 1 2 2 1 1 2 9
CHD death 1 2 2 1 1 2 9
Haines (104) 2001 2 2 1 1 1 1 8
Bowen (105) 2000 CHD 2 2 0 1 0 2 7
Cerebrovascular 2 2 0 1 0 2 7
disease
Bowlin (33) 1994 1 1 0 0 1 2 5
Kawachi (106) 1994 CHD 1 2 1 1 1 2 8
MI nonfatal 1 2 1 1 1 2 8
CHD death 1 2 1 1 1 2 8
Vogt (107) 1994 CHD 2 2 1 1 1 2 9
Stroke 2 2 1 1 1 2 9
Eaker (108) 1992 1 1 1 1 1 0 5
Rosengren (109) 1991 CHD 1 1 0 1 1 1 5
Stroke 1 1 0 1 1 1 5
CHD death 1 1 0 1 1 1 5

Studies are in same order as in Table 1.

Studies are scored for the risk of bias on six domains. We scored domains on a 3-point scale
(O=low risk of bias; 1=moderate risk of bias; 2=high risk of bias), thus summed scores may range
from 0 to 12.

®Domain 1. Study participation: The study sample adequately represents the population of
interest. Higher risk if selective response, if CVD at baseline is not excluded but adjusted for, or if
depression is excluded; Domain 2. Study attrition. The study data available (i.e. those not lost to
follow up) adequately represent the study sample. Higher risk if attrition is high and not random
regarding anxiety and CVD risk factors; Domain 3. Prognostic factor measurement: Anxiety is
measured in a similar way for all participants. Higher risk in registries, as anxiety is not assessed



in all participants (i.e., only in those treated); Domain 4. Outcome measurement: The outcome of
interest is measured in a similar way for all participants. Higher risk if outcome is self-reported
only, or if outcome includes cardiac conditions that are not included in our definition of outcome
(for example angina pectoris, or heart failure.); Domain 5. Study confounding: /Important potential
confounding factors are accounted for. Higher risk if analysis used in meta-analysis is not
adjusted for depression, and for other CVD risk factors; Domain 6. Statistical Analysis and
reporting: The statistical analysis is appropriate and all primary outcomes are reported. Higher risk
if only reporting on part of the sample.



Table DS2 Criteria of causality, according to Hill"°

1

3

4

Criteria

Strength

Consistency

Specificity

Temporality

Biological
gradient

Plausibility

Coherence

Description

Strong associations are more likely to be
causal because it is less likely that strong
associations are driven by confounding
factors. Yet, weaker associations do not rule

out causality.

Consistent findings observed by different
persons, in different places, circumstances
and times are more likely to represent a

causal relationship.

If a single cause produces a specific effect,
the association can be regarded causal.
However, a lack of specificity does not
preclude a causal association. This may be
especially true if the biological underpinnings

between cause and outcomes are shared.

The risk factor precedes the effect in all

causal associations.

In general, an increasing amount of
exposure increases the likelihood of the

effect.

Plausibility refers to whether the association
is plausible according to current knowledge;
this can be regarded additional support for a

causal relationship.

Coherence implicates that the idea of
causality does not seriously conflict with
knowledge on natural history and biology of

the disease.

Examination

- Strength of association found in meta-analysis
when adjusting for demographic factors, biological
risk factors, health behaviours and co-occurring
depression

- Adjusting for publication bias by conducting the
Duval and Tweedie procedure

- Subgroup analysis based on adjustment for
depression

- Subgroup analysis based on adjustment for CVD

risk factors other than gender and age

- Subgroup analysis based on gender

- Subgroup analysis based on age

- Subgroup analysis based on continent of origin
- Meta-regression analysis with the continuous
variable duration of follow-up

- Meta-regression analysis with the continuous
variable year of publication.

- Subgroup analysis based on anxiety type

- Review of literature examining whether anxiety is
also associated with somatic disorders other than

CVD and with overall mortality

- Meta-analysis, including longitudinal studies only

- Subgroup analysis excluding those studies that
did not exclude those with CVD at baseline

- Review of the literature, examining whether results
are also found in studies including young

participants only

- Subgroup analysis full-blown anxiety disorder
versus anxiety at symptom level

- Review of the literature on duration of anxiety

- Review of literature examining whether anxiety is
associated with biological processes that in turn
lead to CVD

- Review of the literature on animal research
examining whether stress-related factors in general,
or more specifically, anxiety, lead to CVD, or lead to

pathobiological processes that in turn might lead to




8

9

Experiment

Analogy

If exposure to the risk factor changes, the

effect should change as well.

If similar causal associations exist for similar
concepts, the association is more likely to be

causal.

CVvD

- Review of literature examining whether
intervention studies treating anxiety (i.e. reducing
exposure of the risk factor ‘anxiety’) or other stress-

related factors impact on CVD outcomes

- Review of literature examining whether
associations between other stress-related factors
and CVD exist




Table DS3 Characteristics of studies included in the meta-analyses

First author Population N Sex Age (years) Follow-up Anxiety type End points Adjustment
Publication year (years) Measure
(mean, or
as stated)
Carriére 2013 (31) European/Australasian 1,046 F Range: 265 10 GENERAL * CVD death number of cardiovascular diseases, number of non-
Stroke Prevention in DSM-IV GAD or vascular chronic diseases, cognitive, mobility,
Reversible Ischaemia Trial phobia instrumental activities of daily living, obesity, physical
activity, hospital admissions in past 2 years, depressive
symptomatology, education; with age as time-scale
Gustad 2013 (90) Health Study of Nord- 57,953 M+F Mean: 47.7 11.4 GENERAL o Mi Age, sex, marital status, education, smoking, physical
Trgndelag County HADS-A 211 vs. activity, bmi, total cholesterol, diabetes mellitus,
(HUNT-2) HADS-A 0-7 systolic blood pressure
Mykletun 2007° 54,677 M+F Mean: 48 4.4 GENERAL * CVD death Age, gender, educational level and SES, physical
(48) Range: 19-101 HADS-A impairment, somatic symptoms/diagnoses, diastolic
blood pressure, total cholesterol, BMI, smoking,
alcohol problems, physical activity.
(Cases with depression were excluded from sample)
Holt 2013 (27) Hertfordshire cohort study 1,578 M Mean: 65.7 5.5 GENERAL * CVD Age, BMI, social class, smoker status, alcohol
HADS-A 211 vs. consumption, triglycerides, total, HDL and LDL
HADS-A 0-7 cholesterol, pack years smoked and diabetes
1,417 F Mean: 66.6
Vaccarino 2013 Vietnam Era Twin Registry 562 M Mean: 42.6 13 PTSD e CHD Age, education, family income, service in South east
(91) (median) DIS Asia, alcohol intake, smoking, physical activity,
hypertension history, MDD, alcohol and drug abuse or
dependence
Chou 2012 (92) Taiwan National Health 390,309 M+F Range: 20-70+ 9 (max) PANIC e Stroke Age, sex, aspirin, NSAIDs, angina pectoris, diabetes
Insurance Database DSM-IV panic mellitus, hypertension, hyperlipidaemia, renal disease.
disorder (Cases with depression were excluded from sample)
Chen 2009 (93) 33,696 M+F Range: 218 1 PANIC o Ml Age, sex, income, urbanization level, diabetes,
ICD-9 panic disorder hyperlipidemia, renal disease
Jordan 2011 (94) WTC Health Registry 24,222 M Mean: 44.0 2.9 PTSD * Heart disease Age, race/ethnicity, education, marital status, smoking,
Participants Range: >18 PTSD checklist 244 hypertension and diabetes, and injury
15,102 F Mean: 43.9
Range: >18
Davidson 2010 Canadian Nova Scotia 1,739 M+F Mean: 46.2 10 GENERAL e CHD age, sex, cardiovascular risk factors (smoking, history of
(25) Health study Range: >18 Trait subscale of diabetes mellitus, BMI, total cholesterol, LDL
STAI 245 cholesterol, systolic blood pressure, diastolic blood
pressure), positive affect, depressive symptoms and
hostility
Janszky 2010 (54) Nationwide survey 49,321 M Range: 18-20 37 GENERAL e CHD Father’s occupation, geographic area, SBP, diabetes,
Swedish males conscripted ICD-8 anxiety o Mi smoking, body length, alcohol, physical activity, family
for military service neurosis history CHD
Scherrer 2010 National cohort of Veteran 259,387 M+F Mean: 57.2 7 PTSD o Ml Age, gender, race, marital status, insurance, diabetes,
(95) Administration ICD-9 hypertension, hyperlipidemia, obesity, alcohol
abuse/dependence, nicotine dependence
(Cases with depression were excluded from sample)
Denollet 2009 (46)  Eindhoven 5,073 F Mean: 50 10 (max) GENERAL * CVD death Age
Perimenopausal Range: 46-54 Edinburgh

Osteoporosis Study

Depression Scale,




anxiety subscale 5

Kubzansky 2009 Baltimore Epidemiological 1,059 F Mean: 44 14 (max) PTSD e CHD Age, education, income, ethnicity, history of
(96) Catchment Area Range: 19-93 NIMH DIS5vs 0 o Mi hypertension, history of diabetes, smoking status,
symptoms alcohol intake
Outcome CHD: additionally adjusted for depression
Phillips 2009° (26) Vietnam Experience Study 3,979 M Mean: 38 14.6 GENERAL * CVD death Age, 1Q, household income in midlife, marital status,
Range: 31-49 Diagnostic Interview ethnicity, systolic blood pressure, cholesterol, blood
Schedule (GAD) glucose, physical illness, BMI, smoking alcohol, place
of service
(Cases with depression were excluded from sample)
Boscarino 2008 Vietnam veterans national 4,328 M Mean: 38 16 PTSD ® CVD death Theatre status, baseline age, intelligence, pack-years of
(97) random sample 15 PTSD-related smoking, BMI>30, history of depression
symptoms,
classification
according to DSM
criteria.
Holman 2008 (49) Knowledge Network 2,592 M+F Mean: 47 3 GENERAL e CHD Age, ethnicity, pre-existing cardiac problems,
panels US population DSM-IV criteria endocrine ailments, physician diagnosed ailments,
B,C,D,E of acute smoking, BSI somatisation score (if significant)
stress disorder
Jakobsen 2008 Danish Psychiatric Central 75,861 M+F Range: >15 24 GENERAL o Mi Age and gender
(98) Research Register Anxiety ICD-8 (Cases with depression were excluded from sample)
300.09; ICD-10 F41
From Danish
Psychiatric Central
Research Register,
Walters 2008 (99) General Practices Research 404,643 M+F Mean: 43 2 (median) PANIC * CVD death Age, sex, deprivation, hypertension, cholesterol,
Database Range: 216 disorder or attacks diabetes, cerebrovascular disease, smoking,
depression, severe mental illness, number prescribed
medications
275,966  M+F Range: <50 e CHD
e Ml
128,677 M+F Range: 250
Brenes 2007° (32) Health Aging and Body 1,285 M+F Range: 70-79 7 GENERAL * CVD death Age gender, marital status, years of education income,
Composition study 3 items Hopkins site, diseases (cancer, CVD, congestive heart failure,
Symptom Checklist CHD, diabetes, peripheral artery disease, pulmonary
> a little disease, stroke), anxiolytic or antidepressant
medication, BMI, smoking, physical activity, physical
function, depression
Gafarov 2007 WHO-project MONICA- 2,149 M Range: 25-64 20 GENERAL o Ml none
(100) psychosocial Spielberger State
Trait Anxiety
Inventory, personal
anxiety scale, low
vs. high anxiety
10 o Stroke
Smoller 2007 (52) Myocardial Ischemia and 3,369 F Mean: 66 5.3 PANIC * CVD Age, income, race, hypertension,
Migraine Study Range: 50-79 Panic attacks e CHD hypercholesterolemia, diabetes treatment, atrial
questionnaire e Stroke fibrillation, history of MI, coronary artery bypass graft

surgery, angioplasty, stroke, BMI, smoking, alcohol,
physical activity, depression, hormone use




Boyle 2006 (101) Air Force Health Study 2,105 M Range: 35-78 15 GENERAL e CHD Age, total cholesterol, high density lipoprotein
MMPI, anxiety cholesterol, hypertension, diabetes, BMI, smoking
content scale

Kubzansky 2006 Veterans Administration 1,306 M Range: 40-90 10.9 GENERAL e CHD Age, education, systolic blood pressure, diastolic blood

(102) Normative Aging Study MMPI, content scale  ® Ml nonfatal pressure, serum cholesterol, BMI, smoking, alcohol
Anxiety high vs low e CHD death consumption, family history CHD

Ostir 2006 (50) Health of Public Study 506 M+F Range: >75 5 (max) GENERAL ¢ CVD death Age, sex, education, marital status, ethnicity, medical
Zung Self-rating conditions, smoking, alcohol use, self-rated health,
Anxiety Scale functional health

Thurston 2006 National Health and 6,265 M+F Range: 25-74 15.1 GENERAL e CHD Age, gender, marital status, ethnicity, systolic blood

(103) Nutrition Surveay General Well Being, pressure, diastolic blood pressure, cholesterol,
anxiety subscale hypertension, diabetes, BMI, smoking, alcohol use,

physical activity

Albert 2005 (39) Nurses’ Health Study 72,359 F Mean: 54 12 (max) PHOBIC *CHD death Age, history of hypertension, hypercholesterolemia,

Range: 30-55 Crown Crisp Index ¢ Ml nonfatal diabetes, BMI, smoking, physical activity, parental
history Ml < 60yrs, menopausal status,
postmenopausal hormone use, aspirin use, valium use

Gomez-Caminero Integrated Health Care 78,580 M+F Mean: 36 5 (max) PANIC e CHD Age, gender, hypertension, obesity, smoking,

2005 (34) Information Services Range: 18-55 ICD-9 code panic depression, ACE remmers, statins, calcium channel

database disorder blockers, diuretics, beta blockers, antidepressants

Nicholson 2005 Whitehall Il Study 5,449 M Range: 35-55 6.8 GENERAL e CHD Age

(57) GHQ, distress
subscale (new,
former,
persistent)

Ringback Weitoft Swedish survey of living 17,084 M Mean: 43 5 GENERAL e CHD Age, education, longstanding illness (ischemic heart

2005 (51) conditions Range: 16-74 Single question disease/diabetes/other), smoking
‘nervous/uneasy/
anxious?’

17,427 F
Yasuda 2002 (53) Survey among residents 980 M+F Range: 65-84 7.5 GENERAL e Stroke death Age, gender, availability of neighbors, chronic
Otsuki-town Feb 1991 GHQ, anxiety e CHD death conditions under treatment pertaining to circulatory
subscale system, physical activity
Haines 2001 (104) Northwick Park heart 1,408 M Range: 40-64 20.9 GENERAL e CHD death Age, social class, SBP, cholesterol, fibrinogen, factor
study Crown Crisp Index Vlic, BMI, smoking
1% vs. 5™ quintile
Bowen 2000 (105)  Saskatchewan Health 2,657 M+F Mean: 35 10 GENERAL e CHD Age and sex
database DSM or ICD-9 e Cerebrovas
anxiety diagnosis disease
Bowlin 1994 (33) Israeli Ischemic Heart 8,343 M Range: 40-65 5 GENERAL ¢ Intermittent Age, social economic status, cholesterol, diabetes, BMI,
Disease Project ‘questions about claudication >20 cigarettes daily, ex-smoker, job problems, coping
general anxiety at work
state’
Kawachi 1994 Health Professionals 33,999 M Range: 42-77 2 (max) PHOBIC e CHD Age, hypertension, diabetes, hypercholesterolemia,
(106) Follow-Up Study Crown Crisp Index ¢ Ml nonfatal BMI, smoking, alcohol, physical activities, parental
e CHD death history Ml < age 60
Vogt 1994 (107) Northwest Region of 2,573 M+F Range: 18-75+ 15 GENERAL/WORRY e CHD Age, sex, socioeconomic status, length of health plan




Kaiser Permanente Bradburn Worries * Stroke membership, subjective health status, smoking.
Index, tertiles

Eaker 1992 (108) Framingham Study 749 F Range: 45-64 20 (max) GENERAL e CHD Age, systolic blood pressure, cholesterol, diabetes,
‘tension, symptoms BMI, smoking
of anxiety’
Rosengren 1991 Multifactor Primary 6,935 M Range: 47-55 11.8 GENERAL e CHD Age, occupational class, marital status, systolic blood
(109) Prevention Trial Géteborg ‘question about e Stroke pressure, cholesterol, BMI, smoking, registered alcohol
psychological stress, ¢ CHD death abuse, physical activity, family history Mi
i.e. tension,

irritability, anxiety,
sleeping difficulties
during last 5yrs’

®Mykletun 2007 and Phillips 2009 stratified their sample according to depression and anxiety status. The comparison cases with anxiety only with controls was included in the meta-analysis.
The sample size reported in this table represents the subsample of cases with anxiety only + controls (Mykletun 2007: 5,864 cases with anxiety only + 48,813 controls = 54,677 included in
meta-analysis; Phillips 2009: 258 participants with GAD only + 3,721 controls = 3,979 included in meta-analysis.

®Brenes 2007: number of participants of the subsample of blacks was not reported in paper, but was derived from the number of deaths among blacks and the corresponding percentage:
212/16.5% * 100 = 1285. Other characteristics (age, follow-up duration) of the subsample of interest were not reported in the papers. Therefore, these were shown for the full sample.
Abbreviations: BMI = body mass index; BSI = brief symptom inventory; CHD = coronary heart disease; CVD = cardiovascular heart disease; DIS = Diagnostic Interview Schedule; DSM =
Diagnostic and Statistical Manual of Mental Disorders; F = Females; GAD = generalized anxiety disorder; GHQ = general health questionnaire; HADS-A = Hospital Anxiety and Depression
Scale, Anxiety subscale; ICD = International Classification of Diseases; MDD = major depressive disorder; M = Males; M| = myocardial infarction; MMPI = Minnesota Multiphasic Personality
Inventory; NIMH = National Institute of Mental Health; PTSD = post-traumatic stress disorder; STAI = State-Trait Anxiety Inventory.




Fig. DS1 Funnel plot of included cohort studies examining the association of anxiety and CVD.?
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@White circles represent studies included in the meta-analysis, black circles represent imputation of missing studies.

2.0



