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A B S T R A C T

Background: Whilst there is evidence of an association between depression and inflammation in adults, there is
limited data on this in adolescents particularly in non-westernized populations. The primary aim of this study
was to evaluate the association between serum hs-CRP level and depression score in adolescent girls living in
northwestern Iran.
Method: Serum hs-CRP was measured in 563 adolescent girls aged 12–18 years. Depression score was assessed
using the Beck’s depression inventory II (BDI-II).
Results: Serum hs-CRP was 0.61 (0.30–0.88) mg/L [median (interquartile range)] in the non-depressed group,
0.97 (0.50–1.82) mg/L in the group with a mild depression score, 1.04 (0.57–1.60) mg/L in those with a
moderate depression score, and 0.84 (0.45–2.64) mg/L in girls with severe depression (Kruskal-Wallis test,
P < 0.001). It has shown that hs-CRP is significantly higher in depressed groups. Multinomial logistic regres-
sion analysis, controlling for age, BMI, waist circumference, social class, alcohol consumption, smoking or being
passive smoker and recent infections, showed that depression scores were positively associated with serum hs-
CRP level (OR = 1.93, P < 0.001). Using a linear model after adjustment, B (the unstandardized beta) of hs-
CRP according to the depression score was 1.43, P < 0.001.
Conclusion: There is a significant association between serum hs-CRP and depression score in adolescent girls.
The cross sectional study design does not allow us to conclude that there is a direct relationship between in-
flammation and depression, and this would need to be tested in an intervention study.

1. Introduction

Depression is a common condition associated with an increased
morbidity and is a significant burden of disease globally. The World
Health Organization (WHO) reported that in Europe 6% of total dis-
ability adjusted life years (DALYs) are related to depression (Sobocki
et al., 2006). It has been shown that increased levels of pro-in-
flammatory cytokines are associated with the development of major
depressive disease (Dantzer et al., 2008). Studies suggest that the

brain–cytokine system can affect neurotransmitters and neuronal cir-
cuits leading to pathological behavior (Dantzer et al., 2008). Animal
models have shown that inflammatory cytokines, for example IL-6, can
cross the blood-brain barrier (Dantzer et al., 2008). Increases in in-
flammatory cytokines can reduce serotonin and other neuro-
transmitters, and reduce the activation of the hypothalamic-pituitary-
adrenal axis, leading to elevated oxidative stress in the brain (Dantzer
et al., 2008; Miller et al., 2009). There are data that suggest that there is
immune dysregulation and activation of the inflammatory response
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system in major depression. Activation of the inflammatory response
system leads to increased level of pro-inflammatory cytokines (Penninx
et al., 2003; Tiemeier et al., 2003). The clinical importance of these
findings arises because of the direct impact of pro-inflammatory cyto-
kines on depression. Pro-inflammatory cytokines may lead to changes
in the levels of central neurotransmitters and stress-reactive neu-
roendocrine that resemble depression (Anisman et al., 2002). Four
meta-analyses of inflammatory markers in depression have reported
significant associations between serum inflammatory markers and de-
pression (Dowlati et al., 2010; Goldsmith et al., 2016; Haapakoski et al.,
2015; Howren et al., 2009). There are also population-based long-
itudinal studies that link inflammatory markers (CRP, IL-6) with de-
pression in adults and participants as young as 18 years (Gimeno et al.,
2009; Khandaker et al., 2014). The Great Smokey Mountain study in-
vestigated children aged 9–16, and 19–21 years old, but in this study
subsequent depression was not associated with CRP level (Copeland
et al., 2012).

We aimed to evaluate the association between serum hs-CRP con-
centrations and depression scores in adolescent girls using of a case-
control design, and subjects drawn from the same population.

2. Methods

2.1. Participants and study design

This cross-sectional, case-control study was undertaken in Mashhad,
Iran, during January 2015. We enrolled 244 cases, with a score ≥14 on
the Beck’s depression inventory II (BDI-II). We also recruited 319
age–matched healthy girls aged between 12–18 years, who had no past
history of depression or other mental disorders, diabetes, hypertension,
or any diagnosed chronic diseases or history of taking any supplements
or drugs. The case and control groups were randomly recruited from
different Mashhad all-girls high schools within one month, by using a
cluster randomization method. Several meetings were held with parents
and students. Only 27 girls declined to participate in the study.
Informed written consent was obtained for all participants and the
Ethical Committee of Mashhad University of Medical Sciences approved
the study.

The Beck’s depression inventory II (BDI-II) was used in all subjects.
The following cut-off values were used: 0–13 minimal or no depression,
14–19 mild depression, 20–28 moderate depression and 29–63 severe
depression (Vieweg et al., 2006). The high sensitive CRP was measured
as described previously using an auto-analyzer (BioSystems) with a
detection limit of 0.06 mg/L (Tabatabaeizadeh et al., 2017). Blood
samples were collected into a plain tube after a 12 h fast; there were no
serum hs-CRP below the detection limit, nor values> 10 mg/L.

2.2. Statistical analysis

SPSS software version 15.0 (SPSS Inc, Chicago, IL, USA) was used
for all statistical analyses. We categorized individuals by using the BDI
score. Even after log transformation of hs-CRP level, were not normal
distributed; therefore, we used a Kruskal-Wallis test for comparing
depression categories. We used multinomial logistic regression to in-
vestigate the association between hs-CRP (as a continuous variable) and
the depression category (hs-CRP adjusted for age, BMI, waist cir-
cumference, social class (father's job, mother's job, father's university
degree, mother's university degree, has her own room, parent death and
close family death), alcohol consumption, smoking or being passive
smoker and recent infections). We were also used the total depression
score and hs-CRP both as continuous variables, and by including a
quadratic term for hs-CRP in the regression model. A P-value < 0.05
was considered statistically significant.

3. Results

Serum hs-CRP was expressed as a median and interquartile range;
this was 0.61 (0.30–0.88) (mg/L) in the non-depressed group, 0.97
(0.50–1.82) (mg/L) in the group with mild depression score, 1.04
(0.57–1.60) (mg/L) in those with a moderate depression score, and 0.84
(0.45–2.64) (mg/L) in girls with severe depression (P < 0.001)
(Fig. 1).

Using multinomial logistic regression analysis, controlling for age,
BMI, waist circumference, social class, alcohol consumption, smoking
or being passive smoker and recent infections, showed that if we set the
non-depressed participants as the reference group, serum hs-CRP had
OR = 1.69, P < 0.001 in mild depression, OR = 1.83, P < 0.001 in
moderate depression and OR = 1.93, P < 0.001 in the severely de-
pressed girls (Table 1). In the regression model for total depression
score and hs-CRP (both as continuous variables), and by including a
quadratic term for hs-CRP, when we have considered all confounding
factors serum hs-CRP had the unstandardized beta, B (SE) 1.43 (0.30),
P < 0.001 and quadratic term for hs-CRP had B (SE) 0.11 (0.03),
P = 0.001 (Table 2).

4. Discussion

The main findings from this cross-sectional study are consistent with
results of previous studies that have shown depressed subjects had
higher serum hs-CRP levels (in cases without any other comorbidity).
Most studies that evaluated the association of CRP and depression have
done so in adults. There are relatively limited data on this subject in
adolescents particularly from outside the so-called industrialized world.
We found that in female adolescents there is a positive association
between depression score and serum hs-CRP. This may be important
because it could be associated with other comorbidities of depressive
disease. We adjusted for potential confounding factors, and adjusted
our results for age, BMI, waist circumference, social class, smoking
habit, or being a passive smoker, and recent infections. The association
persisted after adjusting for these potential confounding factors.

It is possible that inflammatory cytokines may have an effect on the
release of neurotransmitters and neuronal circuits in the brain (Dantzer
et al., 2008). It is known that immune dysregulation and increased le-
vels of pro-inflammatory cytokines leads to major depression (Penninx
et al., 2003; Tiemeier et al., 2003).

Our findings are consistent with other studies that have shown an
association between depression and elevated CRP levels (Dowlati et al.,
2010; Gimeno et al., 2009; Goldsmith et al., 2016; Haapakoski et al.,
2015; Howren et al., 2009). However, in the prospective population-

Fig. 1. Median (IQ) hs-CRP levels in depressed participants.
Kruskal-Wallis test for depression category (P- value < 0.001)
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based Great Smoky Mountains Study covering children aged 9–16, 19,
and 21 years old (Copeland et al., 2012), serum CRP levels were not
found to be associated with depressive symptoms. Khandaker et al.
(Khandaker et al., 2014) studied participants at age 9 years and then 18
years of age, and found no association between depression and serum
CRP. The reasons for these inconsistent results is unclear. However, in
this latter study, non-fasting blood samples were collected, and this may
have resulted in variations in hsCRP perhaps due to diurnal effects (de
Jager et al., 2009).

The association between depression and inflammation may partly
explain the high prevalence of chronic diseases, such as cardiovascular
disease, in individuals with depressive disorders (Rugulies, 2002).

There have been few previous studies in adolescents particularly
from outside western populations. Subjects with chronic diseases were
excluded and therefore there was less likelihood of confounding from
this source. The BDI scores allowed us to analysis our data according to
depression score severity. Participants were randomly recruited by
blinding recruiters from different Mashhad all-girls high schools, by
using a cluster randomization method to reduce the risk of selection
bias.

Limitations include the cross-sectional design, using a questionnaire
rather than clinical diagnosis of depression and some incomplete data
on physical activity, lifestyle stressors, and diet as confounding factors.
We only assessed serum hs-CRP as a measure of inflammation, and it
may be of value in future work, to look at specific cytokines.

In conclusion, our results suggested that there is a significant as-
sociation between hs-CRP and depression score in adolescent girls. The
cross sectional study design does not allow us to conclude that there is a
direct relationship between inflammation and depression, and this
would need to be tested in an intervention study. Also, Future studies
for evaluation of this association are required to better understand the
biological mechanism of this relationship.
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Table 1
Multinomial logistic regression: Odds ratio of hs-CRP according to the depression level.

variable Reference groupd and mild depression Reference group and moderate depression Reference group and severe depression

Odds Ratio P-Value* Odds Ratio P-Value Odds Ratio P-Value

Serum hs-CRP(mg/L)a 1.56 (1.27–1.90) < 0.001 1.71 (1.40–2.08) < 0.001 1.84 (1.46–2.31) < 0.001
Serum hs-CRP(mg/L)b 1.58 (1.25–1.99) < 0.001 1.69 (1.35–2.13) < 0.001 1.88 (1.43–2.47) < 0.001
Serum hs-CRP(mg/L)c 1.69 (1.32–2.17) < 0.001 1.83 (1.43–2.34) < 0.001 1.93 (1.44–2.61) < 0.001

a Crude effects.
b hs-CRP is adjusted for age, BMI, waist circumference.
c hs-CRP is adjusted for age, BMI, waist circumference, social class (father's job, mother's job, father's university degree, mother's university degree, has her own room, parent death and

close family death), alcohol consumption, smoking or being passive smoker and recent infections.
d The reference category is: non-depressed.
* P for trend based on logistic regression.

Table 2
General linear model: Ba of hs-CRP according to the depression score.

variable Total depression score

B (SE) P-Value†

Serum hs-CRP(mg/L) 1.43 (0.30) < 0.001
Quadratic term for hs-CRP 0.11(0.03) =0.001

hs-CRP and quadratic term for hs-CRP is adjusted for age, BMI, waist circumference,
social class (father's job, mother's job, father's university degree, mother's university de-
gree, has her own room, parent death and close family death), alcohol consumption,
smoking or being passive smoker and recent infections.
SE, The standard error for the unstandardized beta.

† P for total depression score and hs-CRP both as continuous variables, and by including a
quadratic term for hs-CRP in the regression model.

a The unstandardized beta.
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