
Depression is repeatedly reported to increase mortality,1,2 but the
strength of this association and the issue of residual confounding
(e.g. by lifestyle factors and physical disease) remain controversial.3,4

Even less is known about how anxiety affects mortality, with
reports of both positive and negative effects.5,6 We have previously
found that depression is associated both with cardiovascular and
other-cause mortality to a similar extent.7 Employing the same
record linkage between a large population health survey and a
national mortality registry, we sought to expand this analysis by:
comparing case-level anxiety, depression and comorbid anxiety
and depression as predictors; investigating the underlying shape
of the associations with individual symptom counts; and
investigating the role of potential mediating, confounding and
modifying factors.

Method

Study design and end-point (mortality)

Nord-Trøndelag County is one of 19 in Norway, and is broadly
representative of the national population, although slightly less
urban and with lower educational attainment. The HUNT–2
study was carried out from August 1995 until June 1997.
Inhabitants (n=93 138) in Nord-Trøndelag County aged 419
years (mean age 48.8 years, s.d. = 16.7) received a mailed
questionnaire and invitation to a clinical examination, and
61 349 individuals (66%) provided sufficient data for this analysis.
Non-responders were heterogeneous but did, on average, have
poorer health than participants.8

Baseline data were obtained from the Health Study of
Nord-Trøndelag County (HUNT–2), and have been used for
one previous study of mortality in relation to anxiety and
depression in the general population.7 A subsample defined by
the upper one percentile on the Hospital Anxiety and Depression

Scale (HADS)9 total score was the target of an intervention in
the form of letters advising the individual and his/her general
practitioner to consider treatment for the high symptom score,10

and the mortality in this subgroup has been described elsewhere.11

Data on mortality was obtained from the National Mortality
Registry from date of attendance until December 2000 with a
mean follow-up of 4.4 years (s.d. = 0.68). This is a relatively short
follow-up, but combined with a large sample size, the study is
generously powered.

Exposures: anxiety and depressive symptoms

The HADS is a self-report questionnaire comprising 14 four-point
Likert-scaled items covering anxiety (HADS–A) and depression
(HADS–D) over the past 2 weeks.9 It was specifically designed
to avoid false-positive cases when administered in general hospital
settings and so contains no items on somatic symptoms or sleep
or appetite disturbance, focusing instead on the psychological
and cognitive symptoms. Symptoms of anhedonia are central to
the depression subscale, whereas the symptoms assessed by the
anxiety subscale are mostly related to generalised anxiety, with a
focus on feelings of being tense and being frightened, of worrying
thoughts, restlessness and one item on panic.12 A cut-off score of 8
on each subscale has been found to screen adequately (sensitivity
and specificity both about 0.80) for case-level depression and
anxiety according to DSM–III13/IV14 and ICD–815/916 diagnostic
criteria.17 Principal components analysis has indicated good
discrimination between the two subscales in this sample.12

Employing these cut-offs, four groups were identified for the
analysis presented here: case-level anxiety only, case-level
depression only, case-level comorbid anxiety and depression,
and a reference group scoring below case-level on both scales.7

Anxiety and depression scale scores were also encoded in quartiles,
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as continuous measures, with multiple cut-offs within the clinical
range, and as quadratic terms.

Confounding factors

Potential confounding and mediating factors were operationalised
in accordance with our previous publication on associations
between mental disorder and cause-specific mortality.7 Because
of the cross-sectional nature of the baseline survey, no attempt
was made to distinguish confounding and mediating (causal
pathway) factors in the analysis.

Physical health was assessed by self-report by ‘ticking boxes’
for somatic diagnoses and somatic symptoms: a sum of somatic
diagnoses comprising angina pectoris, asthma, cancer, diabetes,
epilepsy, hypertension, myocardial infarction, musculoskeletal
diseases, respiratory disease, stroke and thyroid diseases was
computed. Based on the un-standardised regression coefficients
from logistic regression models, each of these diagnoses were
weighted according to the strength of their association with
mortality to better capture differential severity of the various
symptoms and diagnoses and provide a more accurate covariate
for the analysis in question. Diagnoses negatively associated with
mortality (hypothyroid disease, goitre, fibromyalgia, osteoarthritis
and ankylosing spondylitis) were omitted. (These negative
associations were not hypothesised, might be confounded and
might be the subject of investigation in future studies.)

Similarly, a mortality-weighted index for somatic symptoms
was computed as the number of organ systems for which
symptoms were reported, comprising gastrointestinal (four
questions on nausea, heartburn, diarrhoea and constipation),
sensation (two questions on hearing and sight), heart (one
question on palpitations) and respiratory function (one on
respiratory problems). Musculoskeletal symptoms (11 body areas)
and headaches (two items) were negatively associated with
mortality and were not included in the index.

An ordinal index of physical impairment was computed from
four questions on self-evaluated moderate or severe impairments
from somatic disease, reduced locomotivity, hearing and sight.

Self-rated health-related behaviours included in the analysis
were: smoking (current, former and never smoker),18 physical
activity (three levels), and CAGE19 caseness for alcohol
problems.20 The two latter variables were obtained from a separate
questionnaire with an about 20% lower response rate; missing
responses were encoded as a separate category.

Educational level was coded according to compulsory,
secondary and university level.21 Socioeconomic status was
measured according to the Erikson–Goldthorpe–Portocareros
scheme, which is based on occupational information.22

Physical measures of body mass index (BMI), resting systolic
and diastolic blood pressure23 and non-fasting total cholesterol
were obtained by a specially trained nurse during the screening,
and all these variables were encoded in quartiles as analyses of
these variables’ associations with mortality indicated non-linear
associations.

Statistical analysis

Logistic regression models were used to quantify associations
between anxiety, depression and mortality, for investigation of
confounding/mediating factors, and for testing interaction terms.
All associations reported were statistically significant (P50.05)
using two-tailed tests, unless otherwise stated. All models were
adjusted for age (encoded categorically in decades) and gender.
All covariates were entered as categorical variables, with the
exception of those for the somatic symptom scale, which were

encoded as a continuous variable. Results are presented as odds
ratios (OR) with 95% CI. Individuals still alive at end of follow-
up comprised a common reference category. The proportional
hazards assumption was not violated in any analysis (exposures’
effects on outcome did not vary with time), and the same
conclusions were reached applying Cox regression analysis, and
illustrated with survival plots. For the purpose of comparison of
effect sizes, survival plots were produced also for daily smoking.
The association between the exposures and mortality was also
described in terms of population attributable fractions to illustrate
the proportion of incident cases in the population that would have
been prevented if a causal exposure were removed, assuming an
unconfounded causal association.24

Ethics

HUNT–2 was approved by the National Data Inspectorate and the
Board of Research Ethics in Health Region IV of Norway.

Results

Population characteristics

The participation rate in the HUNT–2 study was 66%. Non-
participants were older, more likely to be institutionalised or
in hospitals and the mortality rate during follow-up in non-
participants was higher than in participants (15% v. 4%). The
following results are based on 2309 deaths among 61 349
participants with valid data.

Mortality was associated with increasing age and male gender.
Adjusted for age and gender, mortality was significantly associated
with physical impairment, low physical activity, smoking, alcohol
problems as elicited on the CAGE questionnaire, increased numbers
of somatic diagnoses and symptoms, lower educational level and
lower socioeconomic status scores. Blood pressure, total cholesterol
level and BMI were associated with mortality, with highest mortality
in the lowest quartile of all these variables (data not shown).

Associations between case-level anxiety/depression
and mortality

Adjusted for age and gender only, depression caseness alone was
more strongly associated with mortality (OR= 1.68) than anxiety
caseness (OR= 1.19) or comorbid anxiety/depression (OR= 1.44).
The interaction term between case-level anxiety and case-level
depression was significant and negative (step chi-squared test
P= 0.017 by adding the interaction term to a model comprising
anxiety, depression, age and gender), reflecting the lower risk in
the comorbid group than anticipated from the individual odds
ratios. Cox regression models showing the same are presented in
Fig. 1.

To illustrate the strength of the association of depression and
mortality, we compared it to that of smoking (Fig. 1). Adjusted for
age and gender only, the association between depression alone and
mortality (hazard ratio (HR)=1.52, 95% CI 1.35–1.72) was
comparable with that of current smoking (HR=1.59, 95% CI
1.44–1.75), compared with former and never smokers combined.
Fully adjusted, the difference was somewhat stronger in smoking
(HR=1.42, 95% CI 1.29–1.58) compared with depression
(HR=1.27, 95% CI 1.12–1.43), but confidence intervals were
overlapping.

The effects of separate and cumulative adjustments for
covariates on the associations of anxiety and depression with
mortality are displayed in Table 1 in the order of apparent
influence. Strongest attenuation of the associations of interest
was found by adjusting for somatic symptoms and diagnoses
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(accounting for most of the mortality association with anxiety
(OR= 1.04, 95% CI 0.86–1.24) and about one-fifth of the
association with depression (OR= 1.53, 95% CI 1.33–1.76)).
Self-reported diagnoses accounted for far more of this attenuation
than did somatic symptoms. Reported physical impairment was
the second strongest covariate, followed by physical activity.

Adjustment for smoking and alcohol problems, educational level
and socioeconomic status, BMI, diastolic blood pressure and
cholesterol level had only marginal effects on the associations of
interest. Adjustment for all the above-mentioned factors simul-
taneously entirely accounted for the associations of anxiety alone
(OR= 0.95, 95% CI 0.79–1.14) and comorbid anxiety/depression
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Table 1 Mortality as a function of anxiety and depression with adjustment for potential confounding and mediating factors

(odds ratios from logistic regression analyses)

Cumulative adjustments Adjustments entered separatelya

Anxiety n=5864

(9.6%) whereof

n=162 died

Depression n=3032

(4.9%) whereof

n=331 died

Both n=3640

(5.9%) whereof

n=190 died

Anxiety n=5864

(9.6%) whereof

n=162 died

Depression n=3032

(4.9%) whereof

n=331 died

Both n=3640

(5.9%) whereof

n=190 died

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Age and gender 1.19 (1.00–1.42) 1.68 (1.46–1.92) 1.44 (1.22–1.70) 1.19 (1.00–1.42) 1.68 (1.46–1.92) 1.44 (1.22–1.70)

Somatic symptoms

and diagnoses

1.04 (0.86–1.24) 1.53 (1.33–1.76) 1.21 (1.02–1.44) 1.04 (0.86–1.24) 1.53 (1.33–1.76) 1.21 (1.02–1.44)

Physical impairment 1.00 (0.83–1.20) 1.46 (1.27–1.68) 1.14 (0.96–1.35) 1.09 (0.91–1.30) 1.53 (1.33–1.75) 1.25 (1.06–1.49)

Physical activity 1.00 (0.83–1.19) 1.41 (1.22–1.62) 1.10 (0.92–1.30) 1.18 (0.99–1.40) 1.58 (1.38–1.82) 1.35 (1.14–1.60)

Smoking, alcohol,

physical activity

0.97 (0.81–1.67) 1.40 (1.21–1.61) 1.05 (0.88–1.25) 1.16 (0.97–1.38) 1.66 (1.44–1.90) 1.37 (1.16–1.62)

Educational level

and SES

0.97 (0.81–1.16) 1.38 (1.20–1.59) 1.04 (0.87–1.24) 1.17 (0.99–1.40) 1.64 (1.43–1.88) 1.40 (1.18–1.65)

Physical measuresb 0.95 (0.79–1.14) 1.37 (1.19–1.58) 1.02 (0.86–1.22) 1.17 (0.98–1.40) 1.67 (1.45–1.91) 1.42 (1.20–1.68)

Adjustment for all

factors above

0.95 (0.79–1.14) 1.37 (1.19–1.58) 1.02 (0.86–1.22) 0.95 (0.79–1.14) 1.37 (1.19–1.58) 1.02 (0.86–1.22)

SES, socioeconomic status.
a. All models are adjusted for age (categorically in decades) and gender.
b. Body mass index, diastolic blood pressure and total cholesterol level.
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Hazard ratios from Cox regression models:

Adjusted for age and gender only:
Reference (no anxiety/depression) 1.00
Anxiety only 1.15 (95% CI 0.98–1.36)
Depression only 1.52 (95% CI 1.35–1.72)
Comorbid anxiety and depression 1.32 (95% CI 1.14–1.54)

Fully adjusted model as in Table 1 (last row):
Reference (no anxiety/depression) 1.00
Anxiety only 0.94 (95% CI 0.80–1.11)
Depression only 1.27 (95% CI 1.12–1.43)
Comorbid anxiety and depression 0.97 (95% CI 0.83–1.14)

Hazard ratios from Cox regression models:

Adjusted for age and gender only:
Reference (former/never) 1.00
Current smoker 1.59 (1.44–1.75)

Fully adjusted model as in Table 1 (last row):
Reference (former/never) 1.00
Current smoker 1.42 (1.29–1.58)

(a) (b)

Fig. 1 Cox regression models for (a) anxiety only, depression only or both as risk factors for mortality and (b) comparision with current
daily smoking. Both survival curves based on fully adjusted models. HADS, Hospital Anxiety and Depression Scale.
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(OR= 1.02, 95% CI 0.86–1.22) with mortality, but a substantial
proportion of the association between depression alone and
mortality remained unexplained (OR= 1.37, 95% CI 1.19–1.58).

The association between anxiety and mortality was U-shaped,
with increased mortality in both the lowest and highest quartiles
of the distribution compared with the third quartile (Table 2,
column 1).The population attributable fraction for low anxiety
levels (first quartile n= 22 112) was 0.077 in the fully adjusted
model based on the entire sample.

This non-monotonic association was statistically significant
as tested by adding a quadratic anxiety term to a regression
model containing anxiety (continuous variable) and other
variables as specified in Table 3. The findings were robust for
all adjustments. Testing for monotonic trends in the association
between anxiety and mortality (anxiety encoded as a continuous

variable) revealed a negative association in the fully adjusted
models regardless of comorbid depression. These findings
(U-shape and negative monotonic trends) were attenuated,
but remained significant in those with depression (Table 2,
columns 2 and 3).

With respect to depressive symptoms, the association with
mortality was only apparent for the fourth quartile of scale scores,
giving rise to significant positive linear and quadratic terms in
fully adjusted models (Table 3, column 1). These findings were
also robust when stratified by case-level anxiety (Table 3, columns
2 and 3). With scale scores of 0–7 as a reference group, a
dose–response association was found for the depression mortality
association (Table 4) (scale score 8–10 (n=332), OR= 1.27, 95%
CI 1.10–1.46); scale score 11–14 (n=157), OR= 1.43, 95% CI
1.16–1.75; and scale score 15–21 (n=32), OR= 1.71, 95% CI
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Table 2 Mortality as a function of anxiety (encoded in quartiles), stratified for case-level depression. Results from logistic

regression analyses (odds ratios)a

Entire sample

(n=61 349)

Excluding case-level

depression (n=54677)

Including only case-level

depression (n=6672)

Adjusted for age and gender

HADS–A score 0–2 (n=22 112 whereof n=1040 died) 1.14* 1.35* 1.17

HADS–A score 3–4 (n=14,752 whereof n=460 died) 1.02 1.20* 0.78

HADS–A score 5–6 (n=10 983 whereof n=328 died) 1.00 (ref) 1.00 (ref) 1.00 (ref)

HADS–A score 7–21 (n=13 502 whereof n=481 died) 1.25* 1.38* 0.75*

Model significance,b P 0.007 50.001 0.007

Significance (linear),c P 0.043 (+) 0.273 (7) 0.239 (7)

Significance (quadratic),d P 50.001 0.010 50.001

Fully adjustede

HADS–A score 0–2 (n=22 112 whereof n=1040 died) 1.27* 1.48* 1.14

HADS–A score 3–4 (n=14 752 whereof n=460 died) 1.07 1.26* 0.80

HADS–A score 5–6 (n=10 983 whereof n=328 died) 1.00 (ref) 1.00 (ref) 1.00 (ref)

HADS–A score 7–21 (n=13 502 whereof n=481 died) 1.07 1.23* 0.66*

Model significance,b P 0.001 50.001 0.001

Significance (linear),c P 0.009 (7) 50.001 (7) 0.010 (7)

Significance (quadratic),d P 0.001 0.057 0.009

HADS–A, Hospital Anxiety and Depression Scale, anxiety items; ref, reference data.
a. Linear models are indicated (+) for positive effects and (-) for negative effects.
b. Step chi-squared significance by adding anxiety (encoded in quartiles) to the other variables in the model.
c. Step chi-squared significance by adding anxiety (encoded as a continuous variable) to the other variables in the model (not including the quadratic term for scale score anxiety).
d. Step chi-squared significance by adding the quadratic anxiety term (continuous variable) to all other variables, including anxiety (also included as a continuous variable).
e. Adjusted for all factors reported in Table 1.
*P<0.05.

Table 3 Mortality as a function of depression (encoded in quartiles), stratified for case-level anxiety. Results from logistic

regression analyses (odds ratios)a

Entire sample

(n=61 349)

Excluding case-level

anxiety (n=51 845)

Including only case-level

anxiety (n=9504)

Adjusted for age and gender

HADS–D score 0–2 (n=19 848 whereof n=458 died) 1.00 (ref) 1.00 (ref) 1.00 (ref)

HADS–D score 2–3 (n=16 610 whereof n=477 died) 1.00 0.97 3.66*

HADS–D score 4–5 (n=11,016 whereof n=460 died) 1.14 1.11 3.31*

HADS–D score 6–21 (n=13 875 whereof n=914 died) 1.51* 1.47* 4.22*

Model significance,b P 50.001 50.001 0.013

Significance (linear),c P 50.001 (+) 50.001 (+) 0.002 (+)

Fully adjustedd

HADS–D score 0–1 (n=19 848 whereof n=458 died) 1.00 (ref) 1.00 (ref) 1.00 (ref)

HADS–D score 2–3 (n=16 610 whereof n=477 died) 0.95 0.92 3.54*

HADS–D score 4–5 (n=11 016 whereof n=460 died) 1.03 1.02 3.30

HADS–D score 6–21 (n=13 875 whereof n=914 died) 1.21* 1.23* 4.12*

Model significance,b P 0.001 <0.001 0.025

Significance (linear),c P 50.001 (+) 50.001 (+) 0.023 (+)

HADS–D, Hospital Anxiety and Depression Scale, depression items; ref, reference data.
a. Linear models are indicated (+) for positive effects and (-) for negative effects.
b. Step chi-squared significance by adding depression (encoded in quartiles) to the other variables in the model.
c. Step chi-squared significance by adding depression (encoded as a continuous variable) to the other variables in the model.
d. Adjusted for all factors reported in Table 1.
*P50.05.
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1.08–2.71, in fully adjusted models, also adjusted for anxiety scale
score). No similar significant dose–response pattern was found for
anxiety when adjusted for age, gender and depression (Table 4).

Effect modification by age, gender and somatic
symptoms or diagnoses

The effect of case-level anxiety and depression on mortality was
equal in men and women (Table 5). Age moderated the effect of
comorbid anxiety and depression on mortality (P=0.017), effects
being stronger in younger than older cohorts. A similar, but not
statistically significant, tendency was found for anxiety and
depression alone (Table 5). There were no statistically significant
interactions between case-level anxiety/depression and level of
somatic symptoms or diagnoses (data not shown).

Discussion

Summary of results

We found that case-level depression was a risk factor for mortality,
robust for adjustment by a number of potential confounding or
mediating factors, including somatic symptoms and diagnoses,
physical impairment, physical activity, smoking, alcohol problems,
educational level and socioeconomic status, blood pressure,
cholesterol level and BMI (OR= 1.37, 95% CI 1.19–1.58). The
association with anxiety scale scores was U-shaped. Adjusted for
physical health, we found no association between case-level
anxiety and mortality (OR= 1.00). When comorbid with

case-level depression, case-level anxiety was associated with a
reduction in mortality. The association between comorbid anxiety
and depression and mortality was equal in men and women, but
significantly stronger in younger than older participants.

Strengths and limitations

The present study has several design strengths. The sample was
large and comprehensively evaluated and the participation rate
was reasonable considering the scale of the study. Ascertainment
of mortality was complete (with the exception of emigration from
the country) and ascertainment itself unlikely to have been
influenced by exposure status.

There are some limitations to our study. Non-responders
had on average poorer health than participants, reflected in
higher mortality.7 Anxiety and depression at baseline were
established using relatively brief screening instruments rather than
clinical diagnosis, and with reference to the past 2 weeks only.
Misclassification is likely to have been random; most likely
resulting in an underestimate of the observed association. Since
screening for psychiatric morbidity was limited to symptoms of
anxiety and depression (and CAGE for alcohol problems) we
cannot estimate the influence of other mental disorders nor rule
out possible confounding by comorbidity.

As a result of the cross-sectional design, it is not possible to
determine the temporal relationship between somatic health states
and anxiety/depression. To the extent that mental disorders
increase somatic conditions such as coronary heart disease,25 we
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Table 4 Dose–response association between anxiety and depression and mortality

Score n

Dead,

n

OR (95% CI),

adjusted for age

and gender

OR (95% CI), adjusted for

the other subscale (anxiety

or depression)

OR (95% CI), adjusted

for somatic symptoms

and diagnoses

OR (95% CI), fully

adjusted model

Depression

Normal 0–7 54677 1788 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Mild 8–10 4647 332 1.43 (1.26–1.63) 1.43 (1.24–1.64) 1.35 (1.17–1.55) 1.27 (1.10–1.46)

Moderate 11–14 1753 157 1.75 (1.45–2.11) 1.70 (1.39–2.08) 1.55 (1.26–1.90) 1.43 (1.16–1.75)

Severe 15–21 272 32 2.49 (1.63–3.79) 2.29 (1.48–3.56) 1.96 (1.24–3.10) 1.71 (1.08–2.71)

Significancea 50.001 50.001 50.001 50.001

Anxiety

Normal 0–7 51845 1957 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Mild 8–10 6062 211 1.10 (0.94–1.28) 0.96 (0.81–1.12) 0.88 (0.74–1.04) 0.83 (0.70–0.98)

Moderate 11–14 2821 111 1.40 (1.14–1.73) 1.07 (0.85–1.34) 0.92 (0.73–1.16) 0.84 (0.67–1.06)

Severe 15–21 621 30 1.97 (1.32–2.96) 1.32 (0.87–2.02) 1.10 (0.71–1.70) 0.96 (0.62–1.49)

Significancea 50.001 50.453 50.375b 50.059b

a. Trend test for significance of anxiety or depression upon mortality.
b. Negative trend, that is, anxiety is a protective factor against mortality.

Table 5 Mortality as a function of anxiety and depression, adjusted for age (continuous variable) and gender. Stratified analyses

for age and gender

Anxiety only Depression only Both

Age, years: OR (95% CI)

20–65 1.27 (0.94–1.72) 1.79 (1.31–2.45) 1.91 (1.43–2.55)

465 1.16 (0.93–1.45) 1.59 (1.36–1.86) 1.22 (0.99–1.50)

Significance of interaction by agea 0.427 0.779 0.017

Gender, OR (95% CI)

Men 1.34 (1.03–1.76) 1.58 (1.33–1.88) 1.39 (1.09–1.77)

Women 1.15 (0.90–1.45) 1.66 (1.33–2.08) 1.45 (1.15–1.83)

Significance of interaction by genderb 0.364 0.654 0.794

a. Step chi-squared significance (d.f. = 1) by adding the interaction term age (continuous z-scored variable) by anxiety/depression/both to a previous block containing these
separately plus gender.
b. Step chi-squared significance (d.f. = 1) by adding the interaction term gender by anxiety/depression/both to a previous block containing these separately plus age (continuous
variable).
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might be adjusting for mediating factors, causing underestimation
of true effect sizes. On the other hand, we cannot rule out residual
confounding from inadequately measured somatic illness causing
common mental disorder. However, neither of the two are likely to
explain the U-shaped association of anxiety with mortality.

Another limitation arises from the complex interrelationship
between mental and somatic disorders and symptoms. Diagnostic
criteria partly overlap between somatic illness and common
mental disorder. We attempted to minimise this problem by
employing the HADS (which includes no somatic symptoms of
anxiety/depression) and then adjusting for somatic symptoms.
This approach may miss ‘masked depression’, leading to under-
estimation of true effect sizes. The weighting procedure for
physical conditions and symptoms sought to minimise the
problem of residual confounding from somatic illness, but may
have resulted in overadjustment of models and thus under-
estimation of the associations of interest. Residual confounding
may have resulted from physical conditions not included in the
lists, or from measurement error through underreporting of past
or present illness. Another HUNT study analysis, for example,
estimated 29% underreporting of cancer. Underreporting,
however, principally occurred in less severe conditions (e.g. under-
reporting for basal cell carcinoma 69% v. 3% for breast cancer).
We believe that this is most likely to have obscured rather than
exaggerated the associations of interest. Finally, it is possible that
cognitive impairments occurring in depression26 might increase
underreporting in this group.

The fully adjusted models include variables for health-related
behaviour and self-evaluated impairment, which all may form part
of the expression of mental disorder, adding to the problem of
overadjustment. However, the apparent influence of these
‘lifestyle’ covariates was relatively small on the associations of
interest. The intervention aimed at the upper percentile of HADS
total scores is unlikely to have had major effects,9 but could in
theory have deflated observed effect sizes.

How strong is the association between depression
and mortality?

Previous research has been criticised because studies have not
always fully accounted for relevant confounders.3,4 In this analysis,
we included an extensive list of physical symptoms and disorders,
weighted for their associations with mortality in this sample.
Despite the risk of ‘overadjustment’, these covariates still
accounted for less than a quarter of the association between
depression and mortality. The inclusion of physical impairment,
health-related behaviour, socioeconomic factors and physical
measures in regression models further attenuated this association
but, in the fully adjusted model, it remained highly significant and
of reasonable strength. Our estimate of the association between
depression and mortality is, adjusted for age and gender only,
comparable with that reported in recent meta-analyses,27–29

but weaker after full adjustment for confounding factors. This
discrepancy might be a consequence of poor adjustment for
relevant confounders in studies included in meta-analyses. On
the other hand, the adjustments in the present paper may be
overextensive as discussed previously, which might lead us to
underestimate the true association. The composition of the HADS
and our choice of cut-off may also contribute to a weaker
association. The HADS is particularly designed to avoid false
positives in the context of comorbid somatic disease, and
therefore omitted somatic symptoms of depression and anxiety.9

To illustrate the strength of the association between depression
and mortality, we compared it with the effect of current smoking:
an accepted risk factor for mortality and a target for major public

health initiatives. The odds ratios for mortality associated with
smoking and depression were comparable in the models adjusted
for age and gender only, and the association with depression
actually exceeded that of smoking in the fully adjusted model.
This illustrates the potential importance of depression as a risk
factor for mortality – however, causal pathways require further
consideration.

Mechanisms underlying the depression–mortality
association

The study adds to the present knowledge of mechanisms linking
depression with mortality. The strongest attenuation of the
association was found following adjustment for somatic
symptoms and diagnoses, which supports confounding by
physical disease as a partial explanation.30 The second strongest
attenuation of association was found following adjustment for
physical impairment. This might indicate confounding if the
depressed state is a reaction to the impairment.31 However, the
physical impairment might be an epiphenomenon of depression:
if so, part of the attenuation may represent a causal pathway
between depression and mortality and inclusion of this variable
in the model may contribute to overadjustment, leaving the
association with depression underestimated. Physical activity
was the third strongest explanatory variable which, conceptually,
is more likely to be a mediating than confounding factor and
supports a lifestyle hypothesis regarding the causal pathway
between depression and mortality.32 Factors not accounting for
the association are also relevant for the consideration of
mechanisms. These included smoking, alcohol problems,
educational level and socioeconomic status, BMI, diastolic blood
pressure and total cholesterol level. This is somewhat surprising as
for example smoking and physical activity are factors reported to
be associated with both mortality and depression. Mediation via
other biological changes secondary to depression cannot be rejected.

Cardiovascular disease mortality in depression

Most of the literature on mortality and depression has focused on
cardiovascular disease mortality.31,33 Despite some controversy
over the evidence for this association, potential mechanisms have
been suggested.34 In a previous analysis of the same dataset, we
recently found that depression was no stronger a risk factor for
cardiovascular disease mortality than for other causes combined.7

The analysis described here did not specifically address cardio-
vascular disease mortality. Despite strong evidence for associations
between smoking and depression,18 adjustment for smoking had
little impact on the association of interest. Adjustment for blood
pressure also did little to the association, which is understandable
in light of recent evidence that its relation to depression may be
negative.35 Cholesterol level also failed to account for the
association.

No gender difference, but stronger mortality
association in younger participants

Our finding of no gender difference in the association between
depression and mortality contrasts with the previously reported
stronger effect in men than in women.6,36,37 The stronger effect
of depression on mortality in younger individuals than older
has not previously been reported, but the same direction of
interaction was found for disability pension award as an outcome
in this sample.38 Severe somatic conditions such as cancer and
cardiovascular diseases increase strongly with age, perhaps
decreasing the relative contribution of risk factors of relevance
across all age groups.
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Anxiety and mortality

The literature on anxiety and mortality is relatively sparse
compared with that on depression. Previous studies have reported
conflicting findings concerning the association between anxiety
levels and mortality, which has been reported as positive,39

absent,6,40,41 and negative.5,42 Our findings support the last. We
speculate that confounding by comorbid depression, and the use
of statistical models not allowing non-linear effects, might
explain some of the controversy in the literature. Treating the
symptom scale as a continuous variable, our findings of a negative
association between anxiety symptoms and mortality are
consistent with the largest study employing the HADS.5

Furthermore, we found lower mortality in participants with
comorbid case-level anxiety and depression compared with those
with case-level depression alone. The latter finding is counter-
intuitive, since comorbid anxiety and depression are associated
with both poorer physical health43 and more disability38 than
depression alone. We speculate that low trait anxiety may result
in reduced help-seeking and reduced adherence to treatment when
somatic illness occurs,34 and perhaps also to more risk behaviour
with a corresponding increased risk of accidental deaths in early
adulthood.42 In other words, there may be an evolutionary
advantage of moderate levels of anxiety, a hypothesis that requires
further evaluation. These findings of differences between anxiety
and depression appear to be relatively rare for a given outcome
and might be an argument for maintaining the separation of the
two ‘disorders’: hence a contribution to the debate on cothymia.44

The HADS anxiety scale score is negatively associated with both
cardiovascular disease mortality and other causes combined,7

perhaps precluding hypotheses relating to specific causes of
death. Confounding is also unlikely since there was no apparent
alteration following adjustment for the large number of covariates
available for this analysis.

Beyond case-levels, we found a U-shaped association between
overall anxiety symptom load and mortality, with relatively high
mortality associated with both low and high levels of symptoms
– although most pronounced for low symptoms. In terms of
population attributable fractions, the effect of low anxiety (the
first quartile compared with the third quartile) appeared to be
surprisingly strong compared with case-level depression
(population attributable fractions 0.077 v. 0.013), which is a
consequence of first quartile anxiety being a seven times more
prevalent category than case-level depression. In other words,
relatively low levels of anxiety potentially accounted for
substantially more mortality than did case-level depression.
Further research is required to clarify underlying mechanisms:
perhaps specifically to investigate whether modest levels of anxiety
promote earlier identification and treatment of potentially life-
threatening disease34 and/or decrease risk behaviour associated
with non-disease mortality.42
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