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Abstract

Background The inconsistent conclusions in previous studies on the association
between CRP and depressive symptoms among middle-aged and elderly adults
may be attributable to whether the cumulative effect of elevated C-reactive
protein (CRP) was considered and whether different dimensions of depressive
symptoms were distinguished. Currently, research in China on CRP and de-
pressive symptoms lacks exploration of the impact of cumulative times of CRP
elevation on different dimensions of depressive symptoms. Objective To explore
the longitudinal association between cumulative times of CRP elevation in two
consecutive measurements and depressive symptoms, including somatic and non-
somatic symptoms, among middle-aged and elderly Chinese adults. Methods
This study utilized publicly available data from the China Health and Retire-
ment Longitudinal Study (CHARLS) from 2011 to 2018, including 3868 partic-
ipants. Based on cumulative times of CRP elevation (CRP>3 mg/L) in two
consecutive measurements (2011 and 2015), participants were categorized into
a group with 0 elevations (n=2918), a group with 1 elevation (n=763), and
a group with 2 elevations (n=187). Depressive symptoms were assessed using
the 10-item Center for Epidemiological Studies Depression Scale (CESD-10) in
2011, 2015, and 2018, which was divided into somatic and non-somatic depres-
sive symptoms. Multiple linear regression models were employed to analyze the
longitudinal association between cumulative times of CRP elevation in two con-
secutive measurements and total depressive symptom score, somatic depressive
symptom score, and non-somatic depressive symptom score in 2018. Logistic re-
gression models were used to analyze the association between cumulative times
of CRP elevation in two consecutive measurements and the prevalence of de-
pressive symptoms (yes/no) in 2018. Results Multiple linear regression analysis
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showed that, after adjusting for all covariates, having 2 elevations of CRP in two
consecutive measurements compared to 0 elevations was significantly associated
with higher scores for total depressive symptoms (5=1.22, P<0.05), somatic
depressive symptoms (8=0.51, P<0.05), and non-somatic symptoms (5=0.71,
P<0.05). Logistic regression analysis showed that, after adjusting for all covari-
ates, having 2 elevations of CRP in two consecutive measurements compared to
0 elevations was associated with a higher risk of depressive symptoms (OR=1.64,
95%CI=1.18~2.29). Conclusion There is a positive association between cumu-
lative times of CRP elevation and depressive symptoms, including somatic and
non-somatic symptoms, among middle-aged and elderly Chinese adults. Timely
treatment of potential chronic inflammatory diseases and avoidance of long-term
chronic inflammatory states may reduce the risk of depression.
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Abstract

Background

Whether considering the cumulative effect of sustained C-reactive protein (CRP)
and distinguishing different aspects of depressive symptoms may explain the
inconsistent conclusions of previous studies on the association between CRP
and depressive symptoms among middle-aged and older adults. Current research
in China has not examined how cumulative episodes of CRP elevations affect
different dimensions of depressive symptoms.

Objective

This study aims to examine the longitudinal association between cumulative
episodes of CRP elevations over two successive determinations and depressive
symptoms, including somatic and non-somatic components, among Chinese
middle-aged and older adults.
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Methods

Using public data from the 2011-2018 Chinese Health and Retirement Longitudi-
nal Study (CHARLS), we included 3,868 subjects. Participants were categorized
based on the frequency of CRP elevations (>3 mg/L) over two consecutive mea-
surements (2011, 2015) as: elevated on zero occasions (n=2,918), elevated on
one occasion (n=763), and elevated on two occasions (n=187). Depressive symp-
toms were assessed in 2011, 2015, and 2018 using the 10-item Center for Epi-
demiological Studies Depression Scale (CESD-10), which measures both somatic
and non-somatic depressive symptoms. Multiple linear regression was used to
analyze the longitudinal associations between cumulative CRP elevations and
2018 depressive symptom scores (total, somatic, and non-somatic). Logistic re-
gression examined the association between cumulative CRP elevations and the
presence of depressive symptoms in 2018 (yes/no).

Results

Multiple linear regression showed that after adjusting for all covariates, eleva-
tions on two occasions versus zero occasions was associated with higher total de-
pressive symptom scores ($=1.22, P<0.05), somatic depressive symptom scores
(8=0.51, P<0.05), and non-somatic symptom scores ($=0.71, P<0.05). Logistic
regression revealed that after full adjustment, participants with elevations on
two occasions had higher odds of depressive symptoms compared to those with
zero elevations (OR=1.64, 95%CI=1.18-2.29).

Conclusion
Among Chinese middle-aged and older adults, cumulative episodes of CRP ele-
vations are positively associated with depressive symptoms, encompassing both
somatic and non-somatic dimensions. Prompt treatment of chronic inflamma-
tory conditions to avoid sustained chronic inflammatory states may reduce de-
pression risk.

Keywords: Depression; C-reactive protein; Cumulative effect; Chronic inflam-
mation; Somatic retardation; Middle-aged and older adults; Prospective cohort
study

Introduction

Depression among middle-aged and older adults represents a major global public
health concern [1]. In China, the prevalence of depression among older adults
has been increasing [2-3]. Studies show that in 2020, the overall prevalence of
depressive symptoms among Chinese older adults reached 20%, creating a sub-
stantial disease burden [4-6]. The “inflammation hypothesis” of geriatric depres-
sion, based on psycho-neuro-immune dysfunction, has recently gained consider-
able attention [7-9]. C-reactive protein (CRP) is a commonly used inflammatory
biomarker [10], yet longitudinal studies examining the association between CRP
and depressive symptoms have yielded inconsistent findings [11-13]. Two stud-
ies using the English Longitudinal Study of Ageing (ELSA) database produced
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contradictory results: AU et al. [14] used a single CRP measurement, while
BELL et al. [15] focused on the cumulative effect of sustained CRP elevations
across two consecutive measurements, suggesting that considering cumulative
episodes of CRP elevations and distinguishing depressive symptom dimensions
may be crucial for understanding these relationships.

Depressive symptoms can be divided into two dimensions: somatic symptoms
(fatigue, anorexia, physical disorders) and non-somatic symptoms (cognitive
changes, anxiety, irritability) [16]. Clinical research indicates that somatic
symptoms may respond to anti-inflammatory treatments, whereas non-somatic
symptoms show less response, suggesting different pathophysiological mecha-
nisms [17]. Additionally, based on sickness behavior theory, inflammation may
more likely cause somatic depressive symptoms such as fatigue, sleep problems,
and psychomotor slowing [18]. Therefore, examining associations between in-
flammation and different depressive symptom dimensions is essential.

Previous Chinese research on the longitudinal association between CRP and
somatic/non-somatic depressive symptoms [19] used only single CRP measure-
ments and did not explore cumulative effects of sustained elevations. Using the
China Health and Retirement Longitudinal Study (CHARLS) database, this
study investigates the longitudinal association between cumulative episodes of
CRP elevations across two consecutive measurements and depressive symptoms,
including both somatic and non-somatic components, to provide scientific evi-
dence for depression prevention in middle-aged and older Chinese adults.

Methods
Study Population

Data were obtained from the publicly available CHARLS database (2011-
2018). The study was approved by the Peking University Ethics Committee
(IRB00001052-11015), and all participants provided written informed consent.
CHARLS is a prospective survey of Chinese adults aged 45 years and older, with
participants from 150 districts in 28 provinces across 450 villages/communities.
Baseline data were collected through computer-assisted personal interviews in
2011, with follow-up surveys completed in 2013, 2015, and 2018. Blood samples
were collected at baseline (2011) and again in 2015 [20].

Among 11,847 participants who completed baseline blood tests in 2011, we
applied the following exclusion criteria: (1) age <45 years; (2) missing baseline,
2015, or 2018 depressive symptom data, or history of mental/memory disorders;
(3) missing baseline or 2015 CRP data, or CRP values >10 mg/L or <0.1 mg/L
(CRP>10 mg/L indicates acute infection [21]; the assay’ s lower detection limit
is <0.1 mg/L); (4) missing baseline covariate data. These exclusions yielded
a final sample of 3,868 participants (Figure 1 [Figure 1: see original paper]).
Since no established thresholds exist for somatic versus non-somatic depressive
symptoms, we retained participants with depressive symptoms at baseline (2011
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and 2015) to maximize sample size, adjusting for baseline depressive symptom
scores in subsequent analyses.

Study Variables and Definitions

Cumulative Episodes of CRP Elevations Over Two Successive Mea-
surements CRP levels in blood samples were measured using immunotur-
bidimetry with a detection range of 0.1-20 mg/L and a coefficient of variation
of 5.7% [20]. CRP >3 mg/L was used as the threshold for chronic low-grade
inflammation [22]. Cumulative episodes were calculated based on measurements
from 2011 and 2015 (range: 0-2). Elevations on two occasions indicated chronic
low-grade inflammation at both time points.

Depressive Symptoms Depressive symptoms were assessed using the 10-
item Center for Epidemiological Studies Depression Scale (CESD-10), reflecting
symptoms over the past week. The scale comprises “somatic depressive symp-
toms” (items 2, 4, 7, 10) and “non-somatic depressive symptoms” (items 1, 3,
5, 6, 8, 9), demonstrating good reliability and validity [23]. Each item is scored
from 0 ( “rarely or none of the time” ) to 3 ( “most of the time” ), with total
scores ranging from 0-30. Scores $ $10 indicate clinically significant depressive
symptoms [24-25].

Covariates Covariates included baseline demographic characteristics (age,
sex, education, marital status), health behaviors (smoking, alcohol consump-
tion, social activities), metabolic indicators (BMI, high-density lipoprotein,
triglycerides), and health status (hypertension, diabetes, cancer, heart disease,
arthritis, stroke, and lung disease). Education was categorized as below primary
school, primary school, middle school, and high school or above. Marital status
was defined as married, divorced, widowed, or never married. Smoking and
drinking status were classified as never, current, or former. Social activity
scores were calculated by summing frequencies of 10 activities in the previous
month and categorized as 0, 1-2, or $ $3 points. BMI was calculated from
height and weight. Blood samples were assayed for HDL and triglycerides
using enzymatic colorimetric methods. Hypertension was defined as systolic
blood pressure $ $140 mmHg (1 mmHg=0.133 kPa) and/or diastolic $ $90
mmHg, or use of antihypertensive medication, or self-reported hypertension.
Diabetes was defined as fasting glucose $ $126 mg/dL (7.0 mmol/L) and/or
HbAlc $ $6.2 mmol/L, or use of glucose-lowering treatment, or self-reported
diabetes. Self-reported health conditions included cancer or malignant tumor
(excluding minor skin cancers), heart disease (including myocardial infarction,
coronary heart disease, angina, stroke, and other cardiac problems), arthritis
or rheumatoid arthritis, stroke, and lung disease.

chinarxiv.org/items/chinaxiv-202402.00202 Machine Translation


https://chinarxiv.org/items/chinaxiv-202402.00202

ChinaRxiv [$X]

Statistical Analysis

Data were analyzed using SAS 9.4 and Stata 16.0, with statistical significance
set at «=0.05. Baseline characteristics were described by CRP elevation cate-
gories. Continuous variables with normal distributions were presented as means
+ standard deviations, and categorical variables as frequencies and percentages.
Group differences were tested using ANOVA for continuous variables and 2
tests or Fisher’ s exact test for categorical variables.

Multiple linear regression models examined longitudinal associations between
cumulative CRP elevations (2011, 2015) and 2018 depressive symptom scores
(total, somatic, non-somatic), with regression coefficients and confidence inter-
vals calculated. Logistic regression models examined associations between cumu-
lative CRP elevations and the presence of depressive symptoms in 2018 (yes/no),
calculating odds ratios and confidence intervals. Based on previous research and
univariate analyses [14,26-27], we constructed five regression models: Model 1
adjusted for baseline depressive symptom scores; subsequent models sequen-
tially added sociodemographic factors, health behaviors, metabolic indicators,
and health status. Statistical significance was defined as P<0.05.

Results
Participant Characteristics

Among 3,868 participants included in the analysis, 2,918 had zero CRP
elevations, 763 had one elevation, and 187 had two elevations. The mean age
was  57.28+7.8years; 1,812(46.85+4.0kg/m™{2}, andbaselinemeanCESD —
10scorewas7.99+$6.08. No significant differences were observed across CRP
elevation groups in age, sex, marital status, education, smoking, social activity
scores, cancer, heart disease, HDL, triglycerides, or baseline CESD-10 scores
(P>0.05). However, significant differences were found in BMI, alcohol con-
sumption, hypertension, diabetes, arthritis, lung disease, and stroke (P<0.05)
(Table 1).

Longitudinal Association Between Cumulative CRP Elevations and
Depressive Symptom Scores

Multiple linear regression with 2018 depressive symptom scores as the outcome
showed that after adjusting for baseline depressive symptoms, elevations on two
occasions versus zero occasions was positively associated with 2018 depressive
symptom scores (8=1.20, P<0.05). This association remained significant after
adjusting for all covariates (8=1.22, P<0.05). No significant association was
found for elevations on one occasion versus zero occasions across all models
(P>0.05) (Table 2 ).
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Longitudinal Association Between Cumulative CRP Elevations and
Somatic/Non-somatic Symptom Scores

In analyses examining somatic depressive symptoms as the outcome, elevations
on two occasions versus zero occasions was positively associated with somatic
symptom scores after full adjustment (8=0.51, P<0.05). Similarly, for non-
somatic depressive symptoms, elevations on two occasions versus zero occasions
showed a positive association (=0.71, P<0.05). No significant associations were
found for elevations on one occasion versus zero occasions for either symptom
dimension (P>0.05) (Table 3 , Table 4 ).

Longitudinal Association Between Cumulative CRP Elevations and
Depressive Symptom Prevalence

Depressive symptoms were defined as CESD-10 scores $ $10 in 2018. Logistic
regression showed that after adjusting for baseline depressive symptoms, partic-
ipants with elevations on two occasions versus zero occasions had higher odds of
depressive symptoms (OR=1.58, 95%CI=1.15-2.18). This association remained
significant after full adjustment (OR=1.64, 95%CI=1.18-2.29) (Table 5 ).

We further analyzed individual CESD-10 items, defining “rarely or none of
the time” responses as absence of that symptom. Logistic regression (Model 5)
showed that compared to zero elevations, elevations on two occasions was a risk
factor for the somatic item “I felt that everything I did was an effort” (item 4)
(OR=1.54, 95%CI=1.11-2.13) and the non-somatic item “I felt unhappy” (item
8, reverse-scored) (OR=1.54, 95%CI=1.12-2.13) (Table 6 , Table 7 ).

Discussion

This study used a nationally representative longitudinal database of Chinese
middle-aged and older adults to examine associations between cumulative
episodes of CRP elevations across two measurements and depressive symptoms,
including somatic and non-somatic dimensions. Results indicate that elevations
on two occasions versus zero occasions were associated with higher risks of
total depressive symptoms (8=1.22, P<0.05), somatic depressive symptoms
(6=0.51, P<0.05), and non-somatic symptoms ($=0.71, P<0.05).

The cumulative effect of sustained CRP elevations may be an important factor in
depressive symptom development among Chinese middle-aged and older adults.
Previous Chinese studies examining CRP and depressive symptoms used only
single CRP measurements and found no association between inflammation and
depressive symptoms [19,28]. Research on cumulative CRP effects has focused
primarily on Western populations; our study provides evidence from a Chinese
population, with consistent findings across ethnic groups [15,22]. In epidemio-
logical studies of inflammation and chronic disease, considering the chronicity
and persistence of inflammatory responses is crucial [29]. Single measurements
cannot distinguish sustained exposure and may lead to misclassification.
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We found a positive association between sustained CRP elevations and somatic
depressive symptoms among Chinese middle-aged and older adults, consistent
with a Dutch multicenter cohort study linking somatic depressive symptoms to
inflammatory markers [30]. Pathophysiological mechanisms suggest that lipid
markers including insulin, fasting glucose, triglycerides, LDL, and HDL may
influence somatic depressive symptoms by reducing cellular metabolic function
and exacerbating inflammatory responses [18,31]. Additionally, elevated pro-
inflammatory proteins like CRP may perpetuate “sickness behavior” (fatigue,
reduced activity) and negatively affect brain regions involved in mood regulation,
leading to somatic depressive symptoms [32-33].

Cumulative CRP elevations also represent a risk factor for non-somatic depres-
sive symptoms. Failure to consider cumulative effects across multiple measure-
ments may explain inconsistent findings in previous research on CRP and non-
somatic symptoms [34-35]. A Chinese study using CHARLS data [19] found
no association between single CRP measurements and non-somatic depressive
symptoms. A UK study analyzing individual depression scale items found that
elevations on two occasions versus zero occasions was positively associated with
certain non-somatic symptom items [15], consistent with our findings. The
mechanisms linking inflammation to non-somatic depressive symptoms remain
unclear and require further biological research.

This study has several limitations. First, limited measurement points in
CHARLS required analysis based on the number of times CRP exceeded
threshold values. Future longitudinal studies with multiple measurement points
should employ trajectory analysis to better capture dynamic CRP changes [36].
Second, depressive symptom assessment relied on the CESD-10 self-report scale
rather than clinical diagnosis by healthcare professionals.

Long-term exposure to chronic inflammation represents a risk factor not only for
overall depressive symptoms but also for both somatic and non-somatic depres-
sive symptom dimensions among Chinese middle-aged and older adults. Prompt
treatment of chronic inflammatory conditions to avoid sustained inflammatory
states is recommended to reduce depression risk in this population.
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