®,

BiolVled Central

Research article

Unemployment and ill health: a connection through inflammation?
Jukka Hintikka*!, Soili M Lehto?, Leo Niskanen3, Anne Huotari4, Karl-
Heinz Herzig?, Heli Koivumaa-Honkanen>, Kirsi Honkalampi?,

Sanna Sinikallio® and Heimo Viinamaki!

BIVIC Public Health

Address: 'Department of Psychiatry, Kuopio University Hospital and Department of Clinical Medicine, University of Kuopio, FI-70210 Kuopio,
Finland, 2Department of Psychiatry, Kuopio University Hospital, Kuopio, Finland, 3Department of Medicine, Kuopio University Hospital and
Department of Clinical Medicine, University of Kuopio, Kuopio, Finland, 4Institute of Biomedicine, Division of Physiology and Biocenter Oulu,
University of Oulu, Ouluy, Finland, 5Department of Psychiatry, University of Oulu and Lapland Hospital District, Rovaniemi, Finland and
6Department of Rehabilitation, Kuopio University Hospital, Kuopio, Finland

Email: Jukka Hintikka* - jukka.hintikka@kubh.fi; Soili M Lehto - soili.lehto@kuh.fi; Leo Niskanen - leo.niskanen @kubh.fi;
Anne Huotari - anne.maria.huotari@uef.fi; Karl-Heinz Herzig - karl-heinz.herzig@oulu.fi; Heli Koivumaa-Honkanen - heli.koivumaa@kuh.fi;
Kirsi Honkalampi - kirsi.honkalampi@kubh.fi; Sanna Sinikallio - sanna.sinikallio@kuh.fi; Heimo Viinaméki - heimo.viinamaki@kubh.fi

* Corresponding author

Published: 12 November 2009
BMC Public Health 2009, 9:410 doi:10.1186/1471-2458-9-410

Received: 10 June 2009
Accepted: 12 November 2009

This article is available from: http://www.biomedcentral.com/1471-2458/9/410

© 2009 Hintikka et al; licensee BioMed Central Ltd.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract

Background: Unemployment is a source of acute and long-term psychosocial stress. Acute and
chronic psychosocial stress can induce pronounced changes in human immune responses. In this
study we tested our hypothesis that stress-induced low-grade tissue inflammation is more
prevalent among the unemployed.

Methods: We determined the inflammatory status of 225 general population subjects below the
general retirement age (65 years in Finland). Those who had levels of both interleukin-6 (= 0.97 pg/
mL) and high-sensitivity C-reactive protein (= 1.49 mg/L) above the median were assessed to have
an elevated inflammatory status (n = 72).

Results: An elevated inflammatory status was more common among the unemployed than among
other study participants (59% versus 30%, p = 0.011). In the final multivariate model, those who
were unemployed had over five-fold greater odds for having an elevated inflammatory status (OR
5.20, 95% CI 1.55-17.43, p = 0.008).

Conclusion: This preliminary finding suggests that stress-induced low-grade inflammation might
be a link between unemployment and ill health.

Background

In June 2009, approximately 45 million (8.3%) people
living in the OECD countries were unemployed, and the
figures were rapidly increasing due to the severe economic
recession [1]. In some underdeveloped countries, esti-
mated unemployment rates may be as high as 80 to 90%

2].

M1 health is common among the unemployed, and the
causal relationship may be bidirectional. Poor health may
lead to unemployment or be an obstacle to employment
opportunities, while, vice versa, being unemployed may
have an adverse effect on one's health [3,4]. Several health
problems such as stress symptoms, mental disorders,
hypertension, and coronary heart disease are associated
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with unemployment [5-8]. However, unemployment
periods may protect workers from musculoskeletal dis-
eases [9]. Many socio-demographic factors such as sex,
age, education, alcohol consumption, obesity, and other
adverse life-styles modify the relationship between unem-
ployment and health [7], and even unemployment and
mortality [10].

During recent years, studies have suggested that acute and
chronic psychosocial stress can induce pronounced
changes in human immune responses and that these
changes are predominantly mediated via neuroendocrine
mediators [11-13]. Furthermore, high levels of inflamma-
tion seem to associate with several somatic diseases,
depression, and disease progression [14-16]. These associ-
ations suggest that high levels of inflammation might be
a mediator between unemployment and ill health. Never-
theless, we found only two previous studies suggesting
that some aspects of immune function may be altered fol-
lowing the loss of work [17,18].

Arnetz et al. found significant decreases in phytohemag-
glutinin reactivity of lymphocytes and in reactivity to a
purified protein derivative of tuberculin in unemployed
women after nine months [17]. Janicki-Deverts et al.
reported that discrete episodes of unemployment may
have long-term implications for future CRP level in young
males [18].

High levels of proinflammatory cytokine, interleukin-6
(IL-6), and high-sensitivity C-reactive protein (hs-CRP)
are indicators of inflammation. Yaffe et al. originally sug-
gested, and Capuron et al. repeated the suggestion that
medians of IL-6 and hs-CRP could be used together as
indicators of low-grade tissue inflammation [14,19]. In
the current study using a sample of the Finnish general
population we applied this suggestion to test our hypoth-
esis - formulated on the basis of current evidence - that
stress-induced low-grade tissue inflammation is more
prevalent among the unemployed.

Methods

As a part of an ongoing follow-up study on a sample of the
Finnish general population we determined the inflamma-
tory status in 225 individuals below the general retire-
ment age (65 years in Finland). There were 93 men and
132 women in the sample. The mean age was 52.6 (SD
8.2, range: 32 - 64) years in men and 52.0 (SD 7.6, range
32-64) years in women. The study period was from Octo-
ber 2004 to April 2006. Approval to conduct the study was
obtained from the Ethics Committee of Kuopio University
Hospital and the University of Kuopio. All procedures
were carried out with the adequate understanding of the
study participants, who gave written informed consent
before entering the study.

http://www.biomedcentral.com/1471-2458/9/410

The respondents completed a standardized questionnaire
that screened sociodemographic variables (sex, age, mari-
tal status, length of education). They were also asked how
often they had used alcohol over the past twelve months
(classified as less/more than twice a week), whether they
were current daily smokers and whether they had physical
diseases diagnosed by a doctor. The participants were also
asked whether there had been subjective economic hard-
ship during the previous twelve months ("How is your
current financial situation?" (good, fairly good = good
financial situation, fairly poor, poor = economic hard-
ship). The questionnaire also included the 21-item Beck
Depression Inventory, which was used to indicate the
level of depressive symptoms [20].

In addition, the employment status was inquired and
those who reported being unemployed (n = 19, 8.4% of
the study sample) were compared with the others in final
analyses. The frequency of unemployment in the sample
was at the same level as the total unemployment rate in
Finland during the study period (7.7% in December 2004
and 7.6% in December 2005) [21]. Of the other study par-
ticipants, 131 (63.6%) were at work, 14 (6.8%) on sick
leave, 52 (25.2%) had retired, 3 (1.5%) were students and
6 (2.9%) were voluntarily not at work. Of all study partic-
ipants, 25 (11.1%) had been unemployed in 1998, 31
(13.8%) in 1999 and 28 (12.4%) in 2001.

Height and body weight were measured in light clothing
without shoes, and the body mass index (BMI; kg/m2) was
estimated. The laboratory measurements were carried out
in the medical laboratory of Kuopio University Hospital.
The participants came for venous blood sampling at 8 am,
after having been instructed to fast for the previous 12
hours.

The measurement of serum high-sensitivity C-reactive
protein was carried out according to a routine protocol
using a kinetic immunoturbidimetric method (Beckman
Coulter CRH High Sensitivity Protein Reagent, Beckman
Coulter CAL 5 Plus) and analyzed using an IMMAGE
Immunochemistry System (Beckman Coulter, USA).

For the cytokine analyses, the venous blood samples were
stored at -80°C until run. The levels of IL-6 (pg/mL) were
analyzed by multiplexing with Bio-Plex Human Cytokine
Panel 1 utilizing a Bio-Plex instrument based on Luminex
xMAP technology (Bio-Rad Laboratories Inc., CA, US).
Before analyses, the samples were centrifuged for 15 min
at 3000 rpm, and diluted 1:2 in an appropriate sample
matrix. The assays were performed according to the man-
ufacturer's instructions. The intra- and interassay varia-
tions for the IL-6 analysis were 4.6-13.8% and 3.7-17.2%,
respectively.
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As originally suggested by Yaffe et al. and later by Capuron
et al., we used a proinflammatory cytokine, interleukin-6
(IL-6), and high-sensitivity C-reactive protein (hs-CRP) as
indicators of low-grade inflammation [14,19]. In this
study, levels above the median for both IL-6 (> 0.97 pg/
mL) and hs-CRP (> 1.49 mg/L) indicated an elevated
inflammatory status (n = 72).

In univariate analyses we used the %2 test for categorical
variables, Student's t-test for normally distributed contin-
uous variables and Mann-Whitney U-test for continuous
variables with a skewed distribution. Pearson's correlation
coefficients (r) were calculated between IL-6, hs-CRP, age,
length of education, BDI and BMI. Linear regression mod-
els were tested separately for IL-6 and hs-CRP. Inflamma-
tory markers were log-transformed for these analyses.
Finally, several forced multivariate logistic regression
models were calculated to test whether there were inde-
pendent associations between being or having been
unemployed, and having a high inflammatory status. The
models were adjusted for sex, age, marital status, eco-
nomic hardship, education, smoking, alcohol consump-
tion, some common somatic diseases, the Beck
Depression Inventory score, and the body mass index.

Results

Basic characteristics of the sample are presented in Table
1. The only statistically significant difference between the
unemployed and other study participants was in the fre-
quency of economic hardship (p = 0.012).

There was a trend that the unemployed had higher IL-6

levels than other study participants (p = 0.067). No other
differences were found in levels of IL-6 or hs-CRP in rela-

Table I: Basic characteristics of the sample
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tion to gender, economic situation, smoking, alcohol use
and somatic diseases (data not shown).

11-6 and hs-CRP correlated significantly with each other (r
= 0.271, p < 0.01). Moreover, IL-6 correlated positively
with BMI (r = 0.154, p < 0.05) and negatively with length
of education (r=-0.173, p < 0.01), and hs-CRP correlated
positively with BMI (r=0.439, p < 0.01) and the BDI score
(r=0.131, p < 0.05). No other statistically significant cor-
relations were found between hs-CRP or IL-6 and age,
BMI, BDI score or length of education.

Unemployment associated independently with IL-6 levels
in a sex- and age-adjusted linear regression model (f =
0.145, p = 0.03). The association remained statistically
significant when the model was separately adjusted for
sex, age, marital status, economic hardship, smoking,
alcohol use, education, somatic diseases, BDI total score
and BMI (p = 0.22 - 0.46). However, after full adjustment
there was only a trend for an independent association
between unemployment and IL-6 (p = 0.075). Respective
associations between unemployment and hs-CRP were
not statistically significant.

An elevated inflammatory status (both IL-6 and hs-CRP
above the median) was more common among unem-
ployed study participants than the others (11/19, 58%
versus 61/206, 30%, y2=6.40,df=1, p=0.01). Moreover,
those who had an elevated inflammatory status had fewer
years of education (11.5 (SD 3.6) versus 12.5 (SD 3.3)
years, t=1.96, df = 220, p = 0.05) and a higher body mass
index (29.4 (SD 6.9) versus 26.3 (SD 4.2), Mann-Whitney
U =4041.00, Z =-2.96, p = 0.003) than the others.

The unemployed

Other study participants

(n=19) (n =206)
Men (%) 42 41
Age (years; mean (SD)) 49.2 (9.1) 52.6 (7.7)
Marital status: single (%) 21 17
Economic hardship (%) * 42 18
Daily smoking (%) 26 23
Alcohol use 2x/week or more (%) 26 17
Education (years; mean (SD)) 11.5(2.7) 12.3 (3.5)
Hypertension (%) 32 30
Coronary heart disease (%) 4 I
Musculoskeletal symptoms (%) I 20
BDI total score (mean (SD)) 10.0 (8.5) 8.1 (8.4)
BMI (kg/m2; mean (SD)) 28.0 (5.8) 272 (5.4)
IL-6 (pg/mL; mean (SD)) 27.51 (101.32) 3.21 (9.53)
hs-CRP (mg/L; mean (SD)) 3.56 (4.21) 2.74 (3.85)

SD = standard deviation, BDI = Beck Depression Inventory; BMI = body mass index. IL-6 = interleukin-6. hs-CRP = high-sensitivity C-reactive

protein.
*y2=634,df=1,p=0.0I2.
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In the final logistic regression model, which was adjusted
for sex, age, marital status, economic hardship, smoking,
alcohol use, education, somatic diseases, BDI total score
and BMI, those who were unemployed had significantly
increased odds for having an elevated inflammatory status
(odds ratio (OR) 5.20, 95% confidence interval (CI) 1.55-
17.43, p=0.008) (Table 2). A higher body mass index was
the only other variable which also associated statistically
significantly (p < 0.001) with inflammatory status.

We also tested whether being unemployed in 1998, 1999
or 2001 was associated with the inflammatory status in
2005. Unemployment in none of these years reached sta-
tistical significance when added to the model presented in
Table 2. The unemployed had the following adjusted odds
for an elevated inflammatory status: OR 2.67 (95% CI
0.87-8.18), p = 0.086 in 1998, OR 1.52 (95% CI 0.57-
4.07),p=0.40in 1998 and OR0.79 (95% CI1 0.27 - 2.30),
p = 0.67 in 2001. The association between being unem-
ployed and having an elevated inflammatory status in
2005 remained statistically significant after adjustments
for unemployment in 1998, 1999 and 2001. The odds
were 4.12 (95% CI 1.17-14.58), p = 0.028 in 1998, 3.94
(95% 1.13-13.77), p = 0.032 in 1999 and 5.33 (95% CI
1.45-19.62), p = 0.012 in 2001.

Because very high levels of IL-6 and hs-CRP may indicate
acute infection, we also tested a fully adjusted model
where participants who had very high (mean + 3 SD) lev-
els of IL-6 (> 97.70 pg/mL) and hs-CRP (> 14.45 mg/L)
had been excluded. The independent association between
unemployment and low-grade tissue inflammation
remained essentially the same as in our final model using
the whole study population (OR 4.91, 95% CI 1.42 -
16.98).

Table 2: Odds for having an elevated inflammatory status

http://www.biomedcentral.com/1471-2458/9/410

Discussion

Unemployment and an elevated inflammatory status
indeed appeared to be associated, as we hypothesized.
The association remained significant even after adjust-
ments for several possible confounders.

Although preliminary and certainly in a need of replica-
tion, these findings suggest that unemployment is among
those psychosocial stressors that may affect the human
immune system. Furthermore, since disturbances in the
immune system are associated with an increased risk of
several illnesses, stress-induced low-grade inflammation
might be among the links between unemployment and ill
health.

Being unemployed seven, six or four years earlier did not
associate with an elevated inflammatory status in 2005
when adjusted for unemployment in 2005. This contra-
dicts the findings from previous studies in which periods
of unemployment have associated with disturbed
immune function even some years later [17,18]. However,
different measures of immune function may give different
findings concerning its association with unemployment.

Previously, Janicki-Deverts et al. have reported that dis-
crete episodes of unemployment and higher CRP levels
are associated [18]. We did not find such an association.
Instead, levels of IL-6 seemed to associate with unemploy-
ment even after several adjustments. However, an inflam-
matory marker that was based on above median levels of
both IL-6 and hs-CRP was the best indicator of a connec-
tion between unemployment and low-grade tissue
inflammation. The same method has been used to indi-
cate that inflammation is one determinant of depressive
symptoms in individuals with metabolic syndrome and
that metabolic syndrome contributes to cognitive impair-
ment in elderly people with a high level of inflammation
[14,19].

Crude OR (95% CI)

Adjusted OR (95% CI)

Sex (men/women)

Age (years)

Marital status (other/single)
Economic hardship (no/yes)

Daily smoking (no/yes)

Alcohol use (less/more than 2X/week)
Education (years)

Hypertension (nolyes)

Coronary heart disease (no/yes)
Musculoskeletal symptoms (no/yes)
BDI total score

BMI (kg/m2)

Unemployed (nofyes)

0.70 (0.40-1.24)

0.69 (0.37-1.32)

1.02 (0.98-1.06) 1.04 (0.99-1.09)
0.8 (0.38-1.06) 0.70 (0.29-1.72)
0.95 (0.47-1.92) 0.57 (0.21-1.51)

1.73 (0.92-3.28)
1.08 (0.52-2.24)

2.12 (0.99-4.57)
0.90 (0.40-2.06)

0.92 (0.84-1.00) 0.99 (0.89-1.10)
.64 (0.90-2.98) 129 (0.62-2.69)
0.20 (0.03-1.60) 0.15 (0.02-1.33)
0.87 (0.42-1.78) 0.91 (0.38-2.16)
1.01 (0.98-1.05) 1.00 (0.96-1.05)
1.12 (1.06-1.18) 113 (1.06-1.20)
2.84 (1.10-7.33) 5.20 (1.55-17.43)

OR = odds ratio; Cl = confidence interval; BDI = Beck Depression Inventory; BMI = body mass index.
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Based on the evidence, the American Heart Association
(AHA) and the Center for Disease Control (CDC) have
recommended cut-offs of 1.0 and 3.0 mg/L for hs-CRP to
be used for categorization into a low, intermediate, and
high risk of cardiovascular diseases [22]. The median
(1.49 mg/L) used as a cut-off level in this study indicates
intermediate risk. IL-6 does not have any established cut-
off level for clinically significant inflammation. Thus,
although the same methodology has been used as a meas-
ure of inflammation in several studies, its clinical signifi-
cance has not yet been fully established.

The small sample size is a major shortcoming of this
study. Another limitation is that we did not know how
long the study participants had been unemployed. It is
not, however, self-evident that negative consequences on
health are more probable if one has been unemployed for
a long time [4]. Moreover, our cross-sectional study
design does not allow us to exclude the possibility that
study participants had had an elevated inflammatory sta-
tus prior to unemployment. However, the final multivari-
ate model, which suggested an independent association
between unemployment and inflammation, was adjusted
for several confounding variables, which decreases the
risk of misinterpretation. Finally, dichotomization of con-
tinuous variables may have increased the risk of spurious
findings in multivariate models [23].

We used the Luminex method in cytokine analyses.
Luminex measurements of unstimulated plasma IL-6 lev-
els may be different from those obtained with traditional
enzyme-linked immunosorbant assays (ELISA), the gold
standard of current peptide immunoassays. This may
make comparisons between studies difficult. However,
the correlation between the Luminex method and other
multiplex assays has been shown to be sufficient, and the
correlations between multiplex analyses and traditional
ELISA techniques have also been demonstrated to be high
in several papers [24-28]. In our study, regardless of the
observed overall levels of IL-6 and hs-CRP, an elevated
inflammatory status associated independently with
unemployment. Finally, a limitation of the current study
is that the samples were not assayed in a duplicate. How-
ever, the measurement principle of the Luminex assay
method could overrule this limitation, at least partially, as
the values obtained for the measured analyte were average
values based on 100 bead measurements.

Conclusion

We found that unemployment is associated with low-
grade tissue inflammation, which may be a stress-induced
link between unemployment and ill health. The finding,
however, is preliminary and needs replication to be con-
firmed. Further studies are therefore warranted.
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