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A B S T R A C T

Objective: This study explored the association between low-grade inflammation measured using multiple
common inflammatory markers and general psychological distress symptoms.
Method: A total of 68,463 Korean adults were included. White blood cell counts with differential count, fi-
brinogen, C-reactive protein (CRP), ferritin and rheumatoid factor were measured. General psychological dis-
tress symptoms were assessed using 18 questions of psychosocial well-being index short form (PWI-SF).
Results: Among the eight inflammatory markers measured, WBC count, segmented neutrophil count, monocyte
and CRP level were significantly and independently associated with broad psychological symptoms. In contrast,
fibrinogen and ferritin showed a weak association with limited number of items. No significant association was
detected with lymphocyte and RF.
Conclusion: General psychological distress symptoms were associated with multiple inflammatory markers in
Korean adults. The association patterns differed by the types of inflammatory markers. Additional investigation
into the relationship between general inflammatory markers and diverse psychological distress symptoms is
warranted.

1. Introduction

Substantial evidence supports the association between low-grade
inflammation and psychological symptoms [1–3]. However, it is naive
to generalize the associations. Few studies evaluated multiple in-
flammatory markers [4], and most studies primarily focused on in-
dividual markers including C-reactive protein (CRP) [5] and ferritin
[3]. Limited evidence exists for the role of markers in the overall im-
mune system such as white blood cell counts (WBCs) [1] and immune
markers associated with chronic inflammatory disease. Furthermore,
most previous studies focused on depression or specific psychological
symptoms related to depression. Additional studies are needed to
identify the role of low-grade inflammation in a wide range of psy-
chological symptoms. We previously reported the association between
CRP [6] and general psychological distress symptoms in Korean adults.

To expand our understanding, we investigated if the general psycho-
logical distress symptoms were associated with other inflammatory
markers.

2. Materials and methods

The study population comprised 68,463 participants who under-
went comprehensive health examination at the Samsung Medical
Center in Seoul, South Korea, between January 1, 2010 and December
31, 2016 (Table 1). Participants were voluntarily enrolled in the health
check-up program at the Center for Health Promotion, Samsung Med-
ical Center. We excluded any subject who reported cough, sputum,
febrile sense and chill to exclude any subject who had infectious dis-
ease. The levels of eight inflammatory markers measured using stan-
dardized procedures (white blood cell count [WBC count, median,
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5.33×109/L], segmented neutrophil count [2.88× 109/L], lympho-
cyte count [1.86× 109/L], monocyte count [0.35× 109/L], fibrinogen
[288mg/dL], CRP [0.40mg/L], ferritin [94.5 ng/mL] and rheumatoid
factor [RF, 7.5 IU/mL]) were log-transformed after removing the out-
liers exceeding±4 SDs from the mean value.

General psychological distress symptoms were assessed using the
psychosocial well-being index short form (PWI-SF) [7]. The PWI-SF is a
self-administered screening instrument with 18 items on a 4-point
Likert scale based on Goldberg's general health questionnaire [8] to
identify common psychiatry health problems. The PWI-SF showed
adequate reliability and validity in the epidemiological studies [7].
Instead of the 4-point Likert scale, we adopted alternative binary
method known as the ‘GHQ scoring’ (‘Not at all’, and ‘No more than
usual’ as score 0, and ‘Rather more than usual’ and ‘Much more than
usual’ as score 1) according to previous studies [6,9]. This study was
approved by the Institutional Review Board of the Samsung Medical
Center. Written informed consent was obtained.

We investigated the relationship of eight inflammatory markers
with each of the 18 symptoms, and with a total score (0–54). A mul-
tivariable logistic regression analysis of each item and a generalized
linear regression analysis with overdispersed Poisson distribution for
the total score were conducted. The covariates included age, sex, body
mass index, smoking status, alcohol consumption, hypertension, dia-
betes, dyslipidemia, cerebral infarction, cardiac infarction, thyroid
disorder, cancer, and the year blood test was conducted. The statistical
significance of the 18 items was corrected with the Holm-Bonferroni
method [10].

3. Results (Table 2)

Among the eight inflammatory markers, WBC count was sig-
nificantly associated with 14 items. Among WBC, segmented neu-
trophils and monocytes exhibited significant associations with 17 and
14 items, respectively. In contrast, lymphocytes displayed no

association. CRP level was positively associated with 6 items, and fer-
ritin level was positively associated with 2 items. The fibrinogen level
was negatively associated with only one item. No significant association
was detected between RF and general psychological distress symptoms.
In additional analyses with total score, WBC count, segmented neu-
trophil and monocyte count, and the CRP level exhibited statistically
significant positive associations, whereas the fibrinogen level displayed
a negative association.

4. Discussion

We focused on 1) low-grade inflammation based on changes in re-
liable and easily measurable inflammatory markers, and 2) mild psy-
chological distress experienced in the general population. A small effect
size of low-grade inflammation is difficult to detect [11]; we have large
sample enough to detect the specific effect size with sufficient statistical
power. We adjusted for potential covariates including age, sex, body
mass index, smoking status, alcohol consumption and medical condi-
tions.

Even mild low-grade inflammation can initiate pro-inflammatory
response, which may have impact at the organism and population levels
[12]. Recent studies demonstrated the effect of low-grade inflammation
on general well-being including longevity, aging and age-related dis-
eases [13].

As the association between inflammatory markers and psychological
symptoms in previous studies varied depending on the types of in-
flammatory markers [14] and psychological symptoms evaluated [15],
the pattern of association differed according to the markers. Con-
sidering that each inflammatory marker has different biological char-
acteristics, the association might reveal biological underpinnings. Al-
though WBC and differential counts are the most reliable markers for
systemic inflammation, they received little attention in studies in-
vestigating depression. WBC, segmented neutrophil counts and mono-
cytes in our study were consistently associated with broader spectrum
of general psychological distress symptoms even compared to CRP. No
sex effect was detected, which was suggested in previous study [1].

In contrast, fibrinogen and ferritin exhibited correlation with a
limited numbers of symptoms with opposite direction of association
compared to prior reports [2,3]. It is difficult to compare the results
directly. Further study is needed to confirm the association. Lympho-
cyte and RF did not show significant association with any item of the
general psychological distress symptoms.

The study findings need to be interpreted in the context of the study
design. History of medical illnesses was evaluated using self-report.
Although we excluded subjects who reported any clinical sign of in-
fection as well as excluding outliers before the analyses, this may not be
enough to exclude all subjects with systematic infectious illnesses. We
also could not infer any causal relationship because this was cross-
sectional study. Future study with prospective research design is
needed.

In conclusion, general psychological distress symptoms were asso-
ciated with multiple inflammatory markers in Korean adults. A follow-
up study to determine the specific mechanisms is needed.
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Table 1
Demographic characteristics and levels of inflammatory markers of partici-
pants.

Participants (n= 68,463)

Characteristic
Age (years) 51.53 ± 11.83
Gender (%, male) 35,906 (52.45)
Body mass index (kg/m2) 23.41 ± 3.14
Smoking (%)
Never smoker 38,167 (58.85)
Former smoker 15,687 (24.19)
Current smoker 10,996 (16.96)

Alcohol drinking (%, yes) 44,023 (65.25)
Hypertension (%) 14,831 (21.66)
Diabetes mellitus (%) 5601 (8.18)
Dyslipidemia (%) 13,847 (20.23)
Cerebral infarction (%) 799 (1.17)
Cardiac infarction (%) 802 (1.17)
Thyroid disorder (%) 4473 (6.53)
Cancer (%) 4509 (6.59)
Total score of Psychosocial Wellbeing Index-short

form (PWI-SF)
16 (11−22)

Levels of inflammatory markers
White blood cell count (×109/L) 5.33 (4.50–6.30)
Segmented neutrophil (×109/L) 2.88 (2.28–3.61)
Lymphocyte (×109/L) 1.86 (1.54–2.23)
Monocyte (×109/L) 0.35 (0.28–0.43)
Fibrinogen (mg/dL) 288 (257–323)
C-reactive protein (mg/dL) 0.04 (0.03–0.08)
Ferritin (ng/mL) 94.5 (49.2–165.1)
Rheumatoid factor (IU/mL) 7.5 (6.4–9.4)

Data are presented n (%), mean ± standard deviation or median (25th–75th
percentiles).
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