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Abstract The objective of this study is to examine the
association of psychological distress to high-sensitivity
C-reactive protein (hsCRP) levels and to examine the
potential mediating role of health behaviours and patho-
physiological factors. A total of 883 (393 men and 490
women) subjects, aged 36-56 years, participated in a
population-based, cross-sectional study from 1997 to 1998
in Pieksdmadki, Finland. Various clinical, biochemical and
behavioural factors were measured, including hsCRP con-
centration. Psychological distress was measured using the
12-item General Health Questionnaire (GHQ-12). Subjects
with low psychological distress (0 points in GHQ-12) were
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younger and more physically active, and their mean hsCRP
level was lower when compared to subjects with medium
(1-3 points) or high (4-12 points) psychological distress
(1.26 &+ 1.36, 1.53 &£ 1.75 and 1.70 + 1.68 mg/l, respec-
tively, P for linearity = 0.003). Psychological distress was
also associated with high relative cardiovascular risk
(hsCRP >3.00 mg/1). After adjusting for gender, age, BMI,
smoking, use of alcohol and leisure time physical activity,
odds ratios for hsCRP >3.00 mg/l in the groups that had
medium and high psychological distress were 1.32 (95%
CI: 0.81-2.16) and 1.79 (95% CI: 1.05-3.04), respectively,
compared with the low distress group (P for linearity
0.032). Psychological distress was associated with elevated
hsCRP levels representing high relative cardiovascular
risk. This association remained after adjusting for health
behaviours and pathophysiological factors, supporting a
direct, physiological link between psychological distress
and inflammation. CRP could be an important pathophys-
iological mechanism through which psychological factors
are associated with cardiovascular disease.

Keywords Psychological distress - GHQ - C-reactive
protein - Health behaviour

Introduction

The relationship between various psychological factors and
cardiovascular disease (CVD) has been investigated exten-
sively in the last few decades [14, 26, 27, 33]. Although this
association is well established, the mediating mechanisms
are still not fully elucidated. Adverse health behaviours,
such as increased smoking [5], sedentary lifestyle [21] and
excess use of alcohol [54], may arise as a coping response to
psychological distress and thus explain part of the
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association. There is also an association between psycho-
logical distress and obesity, particularly in women [40].
However, inflammation has recently been posited as a can-
didate pathophysiological mechanism through which psy-
chological factors are associated with CVD [13, 25, 56].
Specifically, the relationship between C-reactive protein
(CRP) and various psychological factors has been studied
vigorously.

C-reactive protein is an acute-phase protein that is part of
the systemic response to inflammation [3]. High-sensitivity
CRP (hsCRP) has been shown to be related to
all-cause mortality [32, 34]. With the recognition that ath-
erosclerosis is an inflammatory process [36, 53], hsCRP has
also been evaluated as a potential tool for the prediction of
cardiovascular events. Indeed, more than 25 prospective
population-based studies have shown a consistent and
robust relationship between levels of hsCRP and the risk of
future cardiovascular events, independent of traditional
cardiovascular risk factors (e.g., age, blood pressure, serum
cholesterol levels and smoking) [7, 9, 31, 48, 52, 55]. In
2003, the American Heart Association (AHA) and the
Centers for Disease Control and Prevention (CDC) rec-
ommended plasma levels of hsCRP <1 mg/l, 1-3 mg/l and
>3 mg/l as representing low, average or high relative car-
diovascular risk when added to traditional risk factors [48].

Age, gender and health behaviours influence the distri-
bution of hsCRP values: older persons and women have
higher hsCRP concentrations [39, 58] whereas absence of
smoking [2, 8, 39, 41, 60], moderate alcohol consumption
[1, 22, 29, 45] and physical exercise [38, 49] are inde-
pendently associated with decreased concentrations of
hsCRP. Several studies have also associated increased
hsCRP concentrations with high body mass index (BMI)
values [8, 22, 39, 41, 57, 60], reflecting the potential role
for cytokines originating from adipose tissue [61].

Clinical depression has been associated with elevated
hsCRP levels in some population-based cross-sectional
studies [10, 15, 37, 42], whereas some studies reported null
findings [4, 51]. Also in patients with CVD results are
mixed: positive [56], null [30] and even negative [59]
associations have been reported. The relationship between
sub-clinical depressive symptoms and elevated hsCRP
concentration is also controversial; there are positive
findings in some cross-sectional studies [12, 13, 25, 47],
while others report no association [35, 39, 46]. Perceived
stress has been associated with elevated hsCRP levels in
some cross-sectional studies [24, 39].

The General Health Questionnaire (GHQ) [18, 19] is
one of the most widely used and studied indicators of
psychological distress. The GHQ exists in many forms, but
the shortest 12-item version (GHQ-12) has gained accep-
tance, because of its space-saving properties in survey
studies and good validity [20, 28]. The questionnaire is
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comprised of questions regarding the general level of
happiness, experience of depressive and anxiety symptoms,
and sleep disturbance over the last 4 weeks. To our
knowledge, there is only one prior study which has studied
the association of psychological distress measured by
GHQ-12 with hsCRP. Hamer et al. [25] analysed data from
the Scottish Health Survey in a cross-sectional study set-
ting and reported that the mean hsCRP level among dis-
tressed subjects was significantly higher (4.73 mg/l)
compared to non-distressed subjects (3.29 mg/l). However,
the clinical relevance of this difference in means is hard to
interpret, because both mean hsCRP levels are higher than
3 mg/l, which represent high cardiovascular risk.

The aim of our study was to address the following
questions in a middle-aged, population-based sample: (1) is
psychological distress measured by GHQ-12 associated
with higher mean plasma level of hsCRP, different health
behaviours and demographic, clinical and biochemical
characteristics commonly regarded as CVD risk factors; (2)
is GHQ-12 associated with hsCRP concentration repre-
senting high relative cardiovascular risk (hsCRP >3 mg/l)
and (3) does this association remain significant after
adjusting for potential mediators (health behaviours and
demographic characteristics)?

Materials and methods
Subjects

The study population consisted of middle-aged Caucasian
subjects (n = 1 294) born in 1942, 1947, 1952, 1957 and
1962 in Pieksdmiki, Finland. The age groups were
recruited from the local population records by three sepa-
rate invitations. No exclusion criteria were applied. Alto-
gether, 923 (411 men and 512 women) of 1294 subjects
(71.3%) participated in a cross-sectional study from 1997
to 1998, which included various clinical measurements
performed by two trained nurses and the taking of blood
samples. All participants also completed a standard ques-
tionnaire, including questions regarding any chronic dis-
eases, medication, smoking and dietary habits, physical
activity and psychological distress.

Out of 923 subjects, 21 were lost from statistical anal-
ysis because of missing data. According to current guide-
lines by CDC/AHA [43], we excluded an additional 16
subjects (6 men and 10 women) whose hsCRP concentra-
tion was >10.0 mg/l in order to eliminate possible cases of
acute infections and other occult diseases, leaving a total of
886 subjects.

The ethics committee of Kuopio University approved
this study, and participants provided informed written
consent.
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Clinical and laboratory methods

Height and weight were measured to the nearest 0.5 cm
and 0.1 kg, respectively. The BMI was calculated as kg/m>.
The waist was measured at the midpoint between the lateral
iliac crest and the lowest rib to the nearest 1.0 cm. Blood
pressure was measured twice at 5-min intervals; readings
from the second measurement were used in the analyses.
Fresh serum samples were drawn after an overnight fast.
Plasma was separated and samples were frozen immedi-
ately at —70°C. Serum triglycerides, cholesterol and high-
density lipoprotein (HDL) cholesterol were measured by
enzymatic colorimetric methods. hsCRP was measured
with an Immulite 2000 analyser and a DPC high-sensitivity
CRP assay (Diagnostic Products Corporation, Los Angeles,
California) with intra-assay CV of 2.8-8.7% and a sensi-
tivity of 0.1 mg/l. The analysis was performed in 2003
from blood samples that were taken from the participants in
1997-1998 and stored at —70°C since that time. Metabolic
syndrome was defined based on the criteria proposed by the
NCEP [23].

Persons who smoked at least once a week were labelled
as current smokers. Current use of alcohol was defined as
alcohol consumption at least once a year. Leisure time
physical activity was defined as physical exercise lasting at
least 30 min per time and causing sweating. There were
three categories: low activity (1-2 times a month or less),
moderate activity (1-3 times a week) and high activity
(more than 3 times a week).

Psychological distress was measured using the 12-item
version on the General Health Questionnaire (GHQ-12).
The rating method of the four-point response scale was the
original GHQ method (0-0-1-1; presence of symptom: not
at all = 0, same as usual = 0, more than usual = 1, much
more than usual = 1) [19]. The points were summed to a
global score ranging from 0 to 12. According to studies
validating the GHQ-12 against standardized psychiatric
interviews [19], three groups based on the GHQ-12 points
were defined representing low (0 points), medium (1-3
points) and high (4-12 points) psychological distress.
Study subjects were allocated into these groups. Alto-
gether, 883 (393 men and 490 women) of the original 886
subjects answered at least 9 of the 12 GHQ questions.

Statistical analyses

Results are expressed as mean 4 SD. Statistical significance
for hypotheses of linearity was evaluated by bootstrap-type
analysis of variance (ANOVA) (5,000 replications) due to
the violation of the assumptions or Cochran-Armitage trend
test. Multivariate logistic regression was used to estimate
odds ratios (OR) and their 95% CI.

Results

The mean global GHQ score for women was higher than
for men (1.9 £ 3.1 vs. 1.5 £ 2.5, P = 0.014; after age-
adjustment P = 0.011). The study subjects were allocated
into three groups representing low, medium and high
psychological distress status, according to their global
GHQ score: 486 (55%) scored O points, 238 (27%) scored
1-3 points and 159 (18%) scored 4—12 points.

Table 1 shows the distribution of the baseline factors of
the 883 (393 men and 490 women) subjects, according to
psychological distress status. Subjects with low psycho-
logical distress (0 points in GHQ-12) were younger and
more physically active, and their mean hsCRP level was
lower compared to subjects with medium (1-3 points) or
high (4-12 points) psychological distress (1.26 £ 1.36,
1.53 £ 1.75 and 1.70 £ 1.68 mg/l, respectively, P for
linearity = 0.003). Psychological distress status was also
significantly associated with hsCRP levels representing
high relative cardiovascular risk (hsCRP >3 mg/l). In
groups representing low, medium and high psychological
distress, the percentage of subjects having hsCRP >3 mg/1
was 11.3, 139 and 17.6%, respectively (P for linear-
ity = 0.039). No significant relationship was found in
regard to gender, BMI, waist circumference, smoking sta-
tus, use of alcohol, blood pressure or serum cholesterol and
fasting plasma glucose levels. There was also no difference
in the prevalence of metabolic syndrome.

There was a similar linear trend in both genders between
hsCRP levels representing low (<1 mg/l), average
(1-3 mg/l) and high (>3 mg/l) cardiovascular risk, and
increasing mean GHQ-12 score (Fig. 1). When both gen-
ders were analysed together, the linear association was
statistically significant (P = 0.012, adjusted for gender,
age and BMI). Because no interaction effect with gender
was identified (P = 0.63), no further subgroup analyses by
gender were performed.

In univariate logistic regression analysis, psychological
distress and BMI were significantly associated with ele-
vated hsCRP concentration representing high relative car-
diovascular risk (>3.00 mg/l) (Table 2). The association
between elevated hsCRP levels and psychological distress
remained significant also in multivariate analysis after
adjusting for gender, age, BMI, smoking, use of alcohol
and leisure time physical activity. Odds ratios for elevated
hsCRP levels in the groups representing medium and high
psychological distress were 1.32 (95% CI: 0.81-2.16) and
1.79 (95% CI: 1.05-3.04), respectively, compared with the
group representing low psychological distress; P for line-
arity between the three groups was 0.032. BMI was also
significantly associated with elevated hsCRP concentration
in this model.
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Table 1 Distribution of baseline factors according to psychological distress status

Psychological distress (GHQ-12)

P value for linearity

Low (0) n = 486

Medium (1-3) n = 238

High (4-12) n = 159

Female, n (%) 266 (55) 125 (53) 99 (62) 0.20*
Age in years, mean (SD) 45.6 (6.1) 45.4 (6.2) 47.4 (6.6) 0.002°
Body mass index (kg/m?), mean (SD) 26.4 (4.6) 26.5 (4.4) 26.4 (4.5) 0.79°
Waist circumference (cm), mean (SD) 87.5 (11.9) 88.3 (13.2) 87.9 (12.5) 0.66°
Current smoker, n (%) 131 (27) 67 (28) 48 (30) 0.43*
Current use of alcohol, n (%) 413 (85) 193 (81) 126 (79) 0.065*
Leisure time physical activity, n (%)

Low 53 (11) 38 (16) 32 (20) 0.002*

Moderate 281 (58) 130 (55) 87 (55)

High 151 (31) 70 (29) 50 (25)
Plasma glucose, mean (SD) (mmol/l) 5.8 (0.6) 5.8 (0.6) 5.7 (0.6) 0.68°
Metabolic syndrome present, n (%) 149 (31) 79 (33) 42 (26) 0.51*
Blood pressure (mmHg), mean (SD)

Systolic 133 (17) 133 (17) 134 (19) 0.65°

Diastolic 81 (10) 81 (10) 82 (10) 0.52°
Total cholesterol (mmol/l), mean (SD) 5.7 (1.0) 5.7 (1.1) 5.7 (1.1) 0.93°
HDL cholesterol (mmol/l), mean (SD) 1.4 (0.3) 1.4 (0.3) 1.4 (0.3) 0.27°
Triglycerides (mmol/l), mean (SD) 1.4 (0.9) 1.5 (1.3) 1.3 (0.8) 0.14°
hsCRP (mg/l), mean (SD) 1.26 (1.36) 1.53 (1.75) 1.70 (1.68) 0.003"
hsCRP >3 mg/l, n (%) 55 (11 33 (14) 28 (18) 0.039*

Leisure time physical activity (min, 30 min) = low: <l time/week, medium: 1-3 times/week, high: >3 times/week
GHQ-12 12-item General Health Questionnaire, plasma glucose after an overnight fast, HDL high-density lipoprotein, ~sCRP high-sensitivity

C-reactive protein
# Cochran-Armitage trend test

® Bootstrap-type analysis of variance (ANOVA) with linear contrast
Discussion

In this population-based, cross-sectional study, high levels of
psychological distress were associated with older age, low
leisure time physical activity, elevated mean hsCRP level
and higher prevalence of high relative cardiovascular risk
(hsCRP >3.00 mg/1). There was no significant association
between psychological distress and most traditional CVD
risk factors (gender, BMI, waist circumference, smoking
status, use of alcohol, blood pressure, serum cholesterol or
fasting plasma glucose levels). The association between
psychological distress and hsCRP levels representing high
relative cardiovascular risk remained strong after adjusting
for potential mediators (gender, age, BMI, smoking, use of
alcohol and leisure time physical activity).

Previous studies have reported mixed results in the
association of psychological factors with hsCRP concen-
tration. Clinical depression has been associated with
elevated hsCRP levels in some population-based, cross-
sectional studies [10, 15, 37, 42], whereas other studies
have reported null findings [4, 51]. In bipolar disorder, only
manic mood state has been associated with elevated hsCRP
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levels [6]. Significant associations are also reported
regarding sub-clinical depressive symptoms [13, 47] and
perceived stress [24, 39], while other studies have reported
no association [35, 46]. In a recently published population-
based study with over 6,000 subjects by Elovainio et al.
[12], higher level of depressive symptoms (measured by
Beck’s Depression Inventory, BDI-21) was related to
higher CRP levels in both men and women. In men, this
relationship persisted after separate adjustment for other
risk factors (i.e., age, education, BMI, health behaviours,
serum cholesterol levels and blood pressure) but was no
longer significant after adjustment for all the variables. In
women, the relationship attenuated to the null after
adjustment for obesity. It must be noted, however, that
GHQ-12 does not measure only depressive symptoms, but
is an indicator of general psychological distress that mea-
sures depressive and anxiety symptoms, happiness and
sleep disturbance. The association of the GHQ-12 with
elevated hsCRP concentration reported in this study is in
accordance with an earlier epidemiological study by Hamer
et al. [25], in which elevated hsCRP concentration was
associated with high psychological distress (GHQ 4-12
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Fig. 1 The association of C-reactive protein level with psychological
distress by gender. Whiskers show 95% confidence intervals. ~sCRP
high-sensitivity C-reactive protein level representing low (<1 mg/l),
average (1-3 mg/l) and high (>3 mg/l) relative cardiovascular risk

points) after adjustment for age, gender, physical activity,
smoking, use of alcohol, obesity and hypertension. Results
by Hamer et al., together with the current study, indicate
that at least general psychological distress is indeed asso-
ciated with inflammation.

In our study, after adjusting for potential mediators,
increasing hsCRP levels were associated with elevated
mean GHQ score (Fig. 1). On the other hand, increasing
psychological distress was also associated with elevated
hsCRP levels (Table 2). The direction of the association
between psychological factors and inflammation remains
controversial and cannot be evaluated in a cross-sectional
setting. There are some prospective studies to tackle this
problem. Gimeno et al. [17] reported that baseline hsCRP
predicted depression at follow-up, while baseline symp-
toms of depression were not associated with hsCRP levels
at follow-up. Nabi et al. [44] reported that psychological
distress did not predict elevated hsCRP concentration at
follow-up. In contrast, in a study by Fuligni et al. [16],
greater frequency of daily interpersonal stress was associ-
ated with higher levels of hsCRP at follow-up among
adolescents. More research is needed to clarify the direc-
tion of causality.

Psychological factors and systemic inflammation can
interact through many mechanisms. Health behaviour
could act as a mediator. Psychological distress has been
reported to be associated with increased smoking [5],
excess use of alcohol [54], sedentary lifestyle [21] and
obesity [40], which all have been associated with elevated
hsCRP concentration in previous studies [1, 2, 8, 22, 29,
38, 39, 41, 45, 49, 60]. In the present study, levels of
behavioural factors (smoking, use of alcohol) and mean
BMI were similar in subjects with low and high psycho-
logical distress; only the level of physical activity differed

Table 2 Univariate and multivariate logistic regression to examine the association of demographic and behavioural characteristics with elevated

C-reactive protein level (hsCRP >3 mg/l)

Univariate analysis

Multivariate analysis

OR (95% CI) P value OR (95% CI) P value
Male 0.76 (0.51-1.14) 0.19 0.74 (0.48-1.14) 0.18
Age in years 1.02 (0.99-1.06) 0.13 1.01 (0.98-1.04) 0.56
Body mass index (kg/m?) 1.17 (1.13-1.23) <0.001 1.18 (1.13-1.23) <0.001
Current smoker 1.19 (0.78-1.82) 0.41 1.28 (0.81-2.02) 0.29
Current use of alcohol 0.99 (0.59-1.66) 0.97 1.14 (0.65-1.99) 0.65
Leisure time physical activity 0.86* 0.45*
Low 1 (reference)® 1 (reference)®
Moderate 1.15 (0.73-1.80) 1.14 (0.71-1.84)
High 0.99 (0.52-1.91) 0.66 (0.32-1.36)
Psychological distress (GHQ-12) 0.041* 0.032%
Low (0) 1 (reference)h 1 (reference)b
Medium (1-3) 1.26 (0.79-2.00) 1.32 (0.81-2.16)
High (4-12) 1.67 (1.02-2.75) 1.79 (1.05-3.04)

Leisure time physical activity (min, 30 min) = low: <1 time/week, medium: 1-3 times/week, high: >3 times/week

GHQ-12 12-item General Health Questionnaire
* P value for linearity

® Denominator (reference group) of following odds ratios
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between the groups. Moreover, the association of psycho-
logical distress with hsCRP levels persisted after adjust-
ment for these factors, making it unlikely that health
behaviours and obesity explained the association in ques-
tion. However, BMI was significantly associated with
elevated hsCRP concentration, as reported in earlier epi-
demiological studies [8, 22, 39, 41, 57, 60].

Psychological factors and systemic inflammation also
interact through complex pathophysiological mechanisms.
First, inflammation may lead to depression. Proinflamma-
tory cytokines (e.g., interleukin-1 and interleukin-6, which
regulate the production of CRP) can access the brain,
where they can alter metabolism of relevant neurotrans-
mitters such as serotonin and dopamine and disrupt syn-
aptic plasticity through alterations in relevant growth
factors [50]. Exposure to inflammatory mediators can
produce sickness behaviour (e.g., anhedonia, anorexia and
hyposomnia) that resemble depressive symptoms [11].
Second, depression may lead to inflammation. Psychoso-
cial stress activates the hypothalamic-pituitary-adrenocor-
tical axis and sympathetic nervous system, which releases
various stress hormones (i.e., catecholamines, corticoste-
roids, growth hormone and glucagons). These, together
with cytokines induced by stress, initiate the acute-phase
response [3, 50].

The strength of this study is that it reflects a broad,
population-based sampling from five age groups in a geo-
graphically defined area. Some limitations of the present
study warrant consideration. The study group was rela-
tively small and genetically homogenous, which limits the
possibility of generalizing the results to a wider population.
Additionally, due to the cross-sectional study design, the
direction of causation between psychological distress and
hsCRP levels cannot be evaluated.

In conclusion, psychological distress was associated
with elevated hsCRP levels representing high relative
cardiovascular risk in this middle-aged, population-based,
cross-sectional study. This association remained after
adjusting for health behaviours and pathophysiological
factors, supporting a direct, physiological link between
psychological distress and inflammation. There was no
association between psychological distress and most tra-
ditional CVD risk factors (gender, BMI, waist circumfer-
ence, smoking status, use of alcohol, blood pressure, serum
cholesterol or fasting plasma glucose levels). These results
support the hypothesis that C-reactive protein could be an
important pathophysiological mechanism through which
psychological factors are associated with cardiovascular
disease.
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