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Depression is associated with low quality of life and increased health burdens for 
middle-aged and older adults in resource-limited settings. Although inflammation 
plays an etiological role in the development and progression of depression, the 
directionality of the inflammation-depression relationship is unclear, especially in 
non-Western populations. To examine this relationship among community-dwelling 
Chinese middle-aged and older adults, we obtained data from the 2011, 2013, and 
2015 China Health and Retirement Longitudinal Study (CHARLS). The participants 
were aged 45 years or above at baseline in 2011 and completed the follow-up survey 
in 2013 and 2015. Depressive symptoms were measured using the 10-item Center for 
Epidemiologic Studies Depression Scale (CESD-10), and the C-reactive protein (CRP) 
level was used to measure individual inflammation levels. Cross-lagged regression 
analyses examined the inflammation-depression relationship. Cross-group analyses 
were performed to test for model invariance across the sexes. Pearson’s correlations 
revealed no concurrent correlations between depression and CRP for both 2011 and 
2015 (ps > 0.05, ranging 0.07–0.36) studies. Cross-lagged regression path analyses 
revealed that the paths from baseline CRP to depression in 2013 (ßstd = −0.01, p = 0.80), 
from baseline CRP to depression in 2015 (ßstd = 0.02, p = 0.47), from baseline depression 
to CRP in 2015 (ßstd = −0.02, p = 0.40), and from depression at 2013 to CRP in 2015 
(ßstd = 0.03, p = 0.31) were not statistically significant. Additionally, the autoregressive 
model did not vary across the sexes (△χ2 = 78.75, df = 54, p = 0.02, △ comparative fit 
index (CFI) <0.01). We failed to find a bidirectional association between the CRP levels 
and depressive symptoms in our sample.
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1. Introduction

Depression, associated with low quality of life and increased health 
burdens, is a disabling and prevailing mental health issue (Sivertsen 
et al., 2015; Wilkinson et al., 2018), with more than 264 million people 
affected worldwide (James et al., 2018). Middle-aged and older adults 
living in resource-limited settings (e.g., China) are disproportionally 
affected by depression and physical disability (James et  al., 2018). 
Although several theories have been used to interpret the potential 
association between depression and physical health, the inflammation 
process has drawn considerable attention from psychologists and 
psychiatrists (Raison et al., 2006; Miller et al., 2009; Slavich and Irwin, 
2014). Several theories have interpreted the bidirectional association of 
depression and inflammation, and the macrophage theory of depression 
hypothesizes that the onset and progression of depression are associated 
with the amount of pro-inflammatory cytokines secreted by the 
macrophages (Smith, 1991). Inflammation plays an etiologic role in the 
development and progression of depression, probably by altering the 
neurotransmitter metabolism or hypothalamic–pituitary–adrenal 
(HPA) axis function (Raison et al., 2006). HPA hyperactivity and the 
autonomic nervous system have also been used to explain how 
depression affects the inflammation processes (Kop and Gottdiener, 
2005). Previous meta-analytic studies reported that older participants 
with depression demonstrated a high level of dysregulation of HPA axis 
activity through several mechanisms, including physical illnesses (e.g., 
diabetes, cardiovascular disease, and autoimmune diseases), alterations 
in the central nervous system (CNS), and immune-endocrinological 
alterations. These proposed biological mechanisms suggest a 
bidirectional path of the depression-inflammation association. 
Additionally, inflammation may trigger all-out-effort sickness behaviors, 
many of which may be associated with depressive symptoms (Hart, 
1988). At the same time, depression could be prospectively associated 
with inflammation via behavioral changes (such as exercise, diet, and 
substance use) that are associated with inflammation, simply increasing 
experienced stress (which might increase inflammation).

One of the commonly and frequently studied inflammation 
biomarkers is C-reactive protein (CRP). It is an acute phase plasma 
protein with a short plasma half-life and a relatively robust and reliable 
response to inflammation, making CRP an ideal marker of inflammation. 
The high-sensitivity test for CRP, called low-reactive protein (LRP, 
L-CRP, or hs-CRP), more accurately measures very low levels of CRP, 
and static sampling of CRP has been widely used in clinical studies to 
predict diseases, such as cancer and depression (Coventry et al., 2009; 
Felger et al., 2020; Nehring et al., 2022). In the development, progression 
and treatment of depression, an increasing number of researchers have 
focused on the association between CRP levels and depressive symptoms 
[including major depressive disorder (MDD) and treatment-resistant 
depression (TRD)] (Orsolini et al., 2022). Several meta-analyses have 
explored the association between CRP and depression in participants 
with either major or probable depression and found significant but small 
effect sizes (Howren et al., 2009; Valkanova et al., 2013; Haapakoski 
et al., 2015; Horn et al., 2018). More importantly, when considering the 
study quality of the original studies, the effect size was strikingly 
attenuated and nonsignificant in the most recent meta-analysis (Horn 
et al., 2018). Whether this association exists in studies conducted among 
middle-aged and older adults is highly debatable (Penninx et al., 2003; 
Almeida et al., 2007; Bremmer et al., 2008; Pan et al., 2008; Stewart et al., 
2008; Surtees et al., 2008; Almeida et al., 2009; Elovainio et al., 2009; 
Milaneschi et al., 2009; Su et al., 2009; Forti et al., 2010; Slopen et al., 

2010; Bjerkeset et al., 2011; Häfner et al., 2011; Morris et al., 2011; Baune 
et al., 2012; Smagula et al., 2014; Zoga et al., 2014; Song et al., 2015; Tully 
et al., 2015; de Menezes et al., 2017). Although most studies show a 
significant positive relationship in either depressed or nondepressed 
older adults, some well-conducted studies failed to replicate these results 
(Almeida et al., 2009; Su et al., 2009; Forti et al., 2010; Morris et al., 2011; 
Baune et al., 2012; Häfner et al., 2012; de Menezes et al., 2017). Most 
studies lack (1) a random sampling method, which may result in 
potential sampling bias; (2) longitudinal study design, which is needed 
for assessing the temporal relationship and bi-direction; (3) statistical 
strictness in choosing confounders, and (4) detailed report of data 
cleaning strategies.

The present study investigated the relationship between hs-CRP 
levels and depression scores in middle-aged and older adults using 
longitudinal analysis in a nationally representative cohort. We used 
available data from the China Health and Retirement Longitudinal 
Study (CHARLS), which was designed to describe and prospectively 
delineate the social-, economic-and functional status of middle-aged 
and older adults. The CHARLS database provides a unique opportunity 
to examine the temporal and bidirectional relationship between 
depression and hs-CRP in middle-aged and older adults over 5 years 
while controlling for various socio-economic, anthropometric, 
physiologic, and psychosocial factors.

2. Materials and methods

2.1. Sample recruitment and dataset

This study’s data came from three waves of the China Health and 
Retirement Longitudinal Study (CHARLS 2011, 2013, and 2015), 
including depression and CRP assessments. This nationally representative 
sample recruited participants aged 45 years or above from 450 
communities and 150 counties/districts, including 17,705 respondents 
from 10,257 households. A baseline survey was conducted between June 
2011 and March 2012. Follow-up interviews were conducted between 
2013 and 2015. The overall response rate for this survey at the baseline 
was 80.5%. More detailed information on CHARLS has been published 
previously (Zhao et al., 2014) and can also be found at.1 At baseline and 
follow-up assessment, 5,092 participants had no missing data on 
depression and CRP levels. Supplementary Figure S1 presents the detailed 
participant selection procedure.

2.2. Assessment of depression

The 10-item Center for Epidemiologic Studies Depression Scale 
(CESD-10) was used to measure depression levels. Radlo developed the 
original CESD, a reliable and valid screening tool in many previous 
community-based studies of the elderly (Radloff, 1977; Beekman et al., 
1995, 1997; Lewinsohn et al., 1997). Researchers have developed various 
shorter forms of the CESD to simplify this scale and improve its 
sensitivity (Kohout et al., 1993). More recently, a 10-item short version 
of the CESD (CESD-10), derived from an analysis of item-total 
correlation (Andresen et al., 1994), proved to be comparably accurate to 

1 http://charls.pku.edu.cn/
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the original CES-D and is a reliable and valid depression assessment tool 
for older participants in different countries (Boey, 1999; Li et al., 2018, 
2019). Each item was scored from 0 to 3, with a total CESD-10 score 
ranging from 0 to 30 (Li et al., 2018). In the present study, the Cronbach’s 
Alphas for CESD-10 ranged between 0.80 and 0.81  in 2011, 2013, 
and 2015.

2.3. Assessment of CRP

Based on the standard protocol, medically trained staff from the 
Chinese Center for Disease Control and Prevention (China CDC) 
collected venous blood at baseline and follow-up visits, mostly at 
centralized locations. All participants were asked to fast overnight, and 
over 92% of the participants who gave blood did fast. CRP levels were 
measured using an immunoturbidimetric assay at the Youanmen Center 
for the Clinical Laboratory of Capital Medical University. The within-
assay coefficient was <1.3%, and the between-assay coefficient was 
<5.7%, with a detection limit of 0.1–20 mg/l. Additionally, the assay kits 
and methods for CRP assessment were kept constant at all the 
time points.

2.4. Control variables

According to previous suggestions (Horn et  al., 2018), several 
additional variables of socio-demographic characteristics, health and 
behavior, and current medical treatment relevant to the relationship 
between depression and CRP were measured at the baseline visits. These 
variables included: age (birth year), sex (1 = male, 2 = female), education 
level (1 = below high school, 2 = high school or above), hukou status 
(1 = agricultural, 2 = non-agricultural hukou), marital status (1 = married, 
2 = separated, divorced and widowed, 3 = never married), BMI 
(calculated as weight in kilograms divided by height in meters squared), 
smoking status (0 = nonsmoker, 1 = current smoker), alcohol status 
(0 = nondrinker, 1 = current drinker), and current medical treatment 
(including dyslipidemia, hypertension, and diabetes). All of these 
variables were coded as a binary variable (0 = no treatment, 
1 = treatment). Demographic characteristics and behavioral and health 
indicator parameters were all influential factors for confounding 
variables. Table  1 presents the detailed descriptive statistics for 
these variables.

2.5. Statistical analyses

We adopted SPSS 25.02 to analyze the normality, missing effects by 
comparing the analytic sample and the total sample, the analytic and 
complete T1 samples, and the analytic and lost samples; correlations 
among control variables, CRP, and depression; and the between-group 
differences in CRP and depression and their effect size. Additionally, 
we adopted the Mplus 7.40 to conduct auto-regressive and cross-lag 
modeling (Muthén and Muthén, 1998–2012).

Sample difference comparisons were conducted for socio-
demographic characteristics, health and behaviors, current medical 

2 www.ibm.com/products/spss-statistics

treatment, CRPs and depression at both time points. With reference to 
previous reports (Stewart et al., 2009; Horn et al., 2018), we constructed 
four models to examine the longitudinal relations between CRP and 
depression: (1) the baseline model, namely the autoregressive model, 

TABLE 1 Characteristics of participants (N = 5,092).

Variables

2011 2013 2015

M (SD)/n 
(%)

M (SD)/n 
(%)

M (SD)/n 
(%)

Demographic characteristic variables

Age (years) % 58.79 (8.49) 60.79 (8.49) 62.79 (8.49)

Sex

Male 2,367 (46.5) 2,367 (46.5) 2,367 (46.5)

Female 2,721 (53.5) 2,721 (53.5) 2,721 (53.5)

Hukou

Agricultural 4,183 (82.2) 4,183 (82.2) 4,183 (82.2)

Non-agricultural 907 (17.8) 907 (17.8) 907 (17.8)

Education level

Below high school 4,536 (89.1) 4,536 (89.1) 4,536 (89.1)

High school or above 555 (10.9) 555 (10.9) 555 (10.9)

Marital status

Married 4,628 (90.9) 2,367 (46.5) 4,466 (87.7)

Separated, divorced 

and widowed

433 (8.5) 510 (10.0) 594 (11.7)

Never married 31 (0.6) 35 (0.7) 32 (0.6)

Health and behavior variables

BMI % 23.81 (3.94) 24.09 (3.93) 24.07 (4.03)

Smoking status

No 3,557 (69.9) 3,557 (69.9) 3,706 (72.8)

Yes 1,534 (30.1) 1,534 (30.1) 1,384 (27.2)

Alcohol status

No 3,381 (66.4) 3,381 (66.4) 3,333 (65.5)

Yes 1711 (33.6) 1711 (33.6) 1758 (34.5)

Current medical treatment

Anti-dyslipidemia

No 4,796 (94.2) 4,732 (92.9) 4,633 (91.0)

Yes 296 (5.8) 360 (7.1) 459 (9.0)

Anti-hypertension

No 4,116 (80.8) 3,891 (76.4) 3,734 (73.3)

Yes 976 (19.2) 1,201 (23.6) 1,358 (26.7)

Anti-diabetes

No 4,895 (96.1) 4,813 (94.5) 4,775 (93.8)

Yes 197 (3.9) 279 (5.5) 317 (6.2)

Preliminary variables

CRP % 1.50 (1.55) - 1.93 (1.76)

Depression % 8.26 (6.24) 8.13 (6.01) 8.14 (6.36)

Values are M (SD) = means (standard deviations) for continuous variables with % above and 
percentages (%) for categorical variables. BMI, body-mass index; CRP, C-reactive protein; -, no 
data.
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TABLE 2 The effects of categorical control variables on depression and CRP.

Control 
variables

Categories

CRP at 
2011

Depression at 
2011

Depression at 
2013

CRP at 
2015

Depression at 
2015

M (SD) M (SD) M (SD) M (SD) M (SD)

Sex Male 1.56 (1.61) 7.25 (5.79) 6.91 (5.17) 1.95 (1.81) 7.00 (5.87)

Female 1.46 (1.49) 9.14 (6.49) 8.67 (6.02) 1.92 (1.71) 9.13 (6.61)

Hukou status Agricultural hukou 1.47 (1.54) 8.62 (6.35) 8.16 (5.81) 1.92 (1.74) 8.54 (6.45)

Non-agricultural hukou 1.64 (1.60) 6.63 (5.44) 6.45 (4.96) 2.02 (1.85) 6.31 (5.60)

Education level Below high school 1.50 (1.54) 8.54 (6.32) 8.05 (5.76) 1.95 (1.77) 8.42 (6.43)

High school or above 1.57 (1.62) 5.96 (4.96) 6.18 (4.96) 1.84 (1.69) 5.83 (5.21)

Marital status Married 1.49 (1.53) 8.08 (6.16) 5.61 (0.08) 1.92 (1.75) 6.22 (0.09)

Separated, divorced and widowed 1.68 (1.69) 9.93 (6.72) 6.29 (0.28) 1.96 (1.80) 7.14 (0.29)

Never married 1.59 (1.79) 11.84 (6.67) 6.78 (1.15) 2.67 (2.48) 7.15 (1.26)

Smoking status Nonsmoker 1.48 (1.52) 8.53 (6.31) 8.08 (5.81) 1.94 (1.74) 8.40 (6.44)

Smoker 1.55 (1.63) 7.63 (6.02) 7.33 (5.43) 1.93 (1.81) 7.44 (6.10)

Alcohol status Nondrinker 1.51 (1.53) 8.61 (6.32) 8.26 (5.81) 1.97 (1.77) 8.56 (6.46)

Drinker 1.49 (1.59) 7.58 (6.03) 7.04 (5.42) 1.87 (1.74) 7.33 (6.11)

Anti-dyslipidemia No 1.49 (1.54) 8.20 (6.22) 7.73 (5.65) 1.90 (1.75) 7.98 (6.27)

Yes 1.80 (1.63) 9.29 (6.52) 9.48 (6.22) 2.31 (1.79) 9.74 (7.06)

Anti-hypertension No 1.43 (1.50) 8.08 (6.21) 7.65 (5.60) 1.81 (1.71) 7.85 (6.22)

Yes 1.84 (1.69) 9.02 (6.30) 8.50 (6.00) 2.27 (1.84) 8.94 (6.68)

Anti-diabetes No 1.49 (1.54) 8.24 (6.24) 7.80 (5.71) 1.90 (1.74) 8.07 (6.35)

Yes 1.76 (1.70) 8.85 (6.32) 8.68 (5.64) 2.38 (1.98) 9.15 (6.58)

Values are M (SD) = means (standard deviations). BMI, body-mass index; CRP, C-reactive protein. Significant differences were written in bold.

reporting synchronous relations and all stability coefficients; (2) two 
unidirectional models, namely the depression main-effect model and 
CRP main-effects model; and (3) the reciprocal model that hypothesized 
depression and CRP could affect each other at different time points.

Following Byrne’s recommendations (Hayes-Ryan and Byrne, 2012), 
we adopted multiple indices to evaluate the goodness of fit for cross-
lagged models: the Comparative Fit Index (CFI) with values higher than 
0.90 indicative of an acceptable fit; the Root Mean Square Error of 
Approximation (RMSEA) and the Standardized Root Mean Square 
Residual (SRMR), with values below 0.08 indicative of an acceptable fit. 
Additionally, to examine the between-group differences between 
potential models (female vs. male), we followed Cheung and Rensvold’s 
suggestion that the changes in CFI (△CFI) less than 0.01 indicate 
invariance between the different models (Cheung and Rensvold, 2002).

Finally, the effect sizes for t-tests were computed with Cohen’s d 
using 0.2, 0.5, and 0.8 as lower bounds for small, medium, and large 
effects, respectively; the effect sizes for χ2 test were computed with 
Cramer’s V and the effect sizes for F tests were computed with η2 using 
0.01, 0.059, and 0.138 as lower bounds for small, medium, and large 
effects (Cohen, 1988; Ehrminger et al., 2019). If the size of the missing 
effects was small, we considered our dataset to be a nonbiased sample.

3. Results

3.1. Preliminary analyses

First, the normal distribution tests demonstrated that the values of 
skewness and kurtosis for depression across 2011, 2013, and 2015 

ranged from 0.84 to 0.97 and from 0.17 to 0.79, respectively; the values 
of skewness and kurtosis for CRP across 2011 and 2015 ranged from 
1.96 to 2.34 and from 4.29 to 6.25, respectively (detailed information in 
Supplementary Table S1).

Second, sample difference comparisons indicated (1) no significant 
difference between the sample with no missing data in 2011 and the total 
sample compliance with inclusion criteria; (2) no significant differences 
between the sample with no missing data in 2011 and the analytic 
sample but age; and (3) no significant difference between the analytic 
sample and the lost sample but age, marital status, and anti-hypertension. 
These results indicate that older participants were inclined to be lost. 
Supplementary Tables S2–S4 provide the detailed information.

Third, regarding the effects of control variables on CRP and 
depression (Table  2), we  found that most control variables were 
significantly correlated with depression and CRP in 2011 and 2015 
(ps < 0.05, ranging from 0.00 to 0.04).

Fourth, regarding the concurrent correlation (Table 3), we found that 
depression was not concurrently associated with CRP levels in 2011 
(r = −0.01, p = 0.36). Similarly, four-year later depression was not related to 
four-year later CRP (r = 0.03, p =  0.07). Age and BMI were positively 
associated with CRP and depression in 2011, BMI was positively associated 
with depression in 2013, age and BMI were positively associated with CRP 
in 2015, and BMI was negatively associated with depression in 2015.

3.2. Cross-lagged analyses

Although the autoregressive, CRP main-effect, depression 
main-effect, and reciprocal models yielded a good fit to the data 
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across all fit indices, the other three models did not significantly 
differ from the autoregressive model (△χ2s > 0.00, ps > 0.05, 
△CFIs<0.01). Table 4 and Figure 1 provide more detailed results 
of these analyses.

In the autoregressive model, baseline CRP was positively associated 
with CRP in 2015 (ßstd = 0.26, p < 0.01), baseline depression prospectively 
predict depression in 2013 (ßstd = 0.47, p < 0.01), and depression in 2013 
prospectively predicted depression in 2015 (ßstd = 0.49, p < 0.01).

TABLE 3 Correlation analyses between continuous control variables, depression and CRP.

Variables at 2011 Variables at 2013 Variables at 2015

Age BMI CRP Depression Age BMI CRP Age BMI CRP Depression

Variables at 2011

Age 1

BMI −0.16** 1

CRP 0.09** 0.02** 1

Depression 0.05** −0.09** −0.01 1

Variables at 2013

Age 1.00** −0.16** 0.09** 0.05** 1

BMI −0.18** 0.76** 0.13** −0.05** −0.18** 1

Depression −0.01 −0.06** −0.01 0.51** −0.01 0.05** 1

Variables at 2015

Age 1.00** −0.16** 0.09** 0.05** 1.00** −0.18** −0.01 1

BMI −0.17** 0.74** 0.12** −0.07** −0.17** 0.77** −0.06** −0.17** 1

CRP 0.06** 0.15** 0.31** 0.01 0.06** 0.18** 0.01 0.06** 0.18** 1

Depression 0.01 −0.05** −0.01 0.49** 0.01 −0.04* 0.55** 0.01 −0.05** 0.03 1

CRP, C-reactive protein. *p < 0.05. **p < 0.01.

TABLE 4 Fit indices of the various cross-lagged models.

Model description χ2 df χ2/df CFI SRMR RMSEA [90% CI] Δχ2 ΔCFI

Model 1: Autoregressive model 435.66 290 1.50 0.90 0.05 0.013 [0.012, 0.014] - -

Model 2: Unidirection models

Model 2a: CRP main-effect model 435.33 288 1.50 0.90 0.05 0.017 [0.016, 0.018] −0.33 0.00

Model 2b: Depression main-effect model 435.70 288 1.51 0.90 0.05 0.017 [0.016, 0.018] 0.04 0.00

Model 3: Reciprocal model 435.36 286 1.52 0.90 0.05 0.019 [0.017, 0.022] −0.30 0.00

CRP, C-reactive protein; CFI, the comparative fit index; RMSEA, the root mean square error of approximation; SRMR, the standardized root mean square residual.

A B

C D

FIGURE 1

Various cross-lagged models’ figures. (A) for autoregressive model. (B) For CRP main-effect model. (C) For depression main-effect model. (D) For 
reciprocal model. To simplify the figure, the effects of the control variables used and the errors were omitted. While solid lines indicated significant 
correlation, dashed lines were not. *p < 0.05. **p < 0.01.
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Based on the autoregressive model, the path from baseline CRP to 
depression in 2013 (ßstd = −0.01, p = 0.81) and the path from baseline 
CRP to depression in 2015 (ßstd = 0.02, p = 0.47) were not significant in 
the CRP main-effect model, suggesting that baseline CRP could not 
prospectively predict depression at further time points after controlling 
all synchronous relations and all stability coefficients.

Based on the autoregressive model, the path from baseline 
depression to CRP in 2015 (ßstd = −0.02, p = 0.41) and the path from 
depression in 2013 to CRP in 2015 (ßstd = 0.03, p = 0.30) were not 
significant in the depression main-effect model, suggesting that 
depression could not prospectively predict CRP at further time points 
after controlling all synchronous relations and all stability coefficients.

Based on the autoregressive model, the paths from baseline CRP to 
depression in 2013 (ßstd = −0.01, p = 0.80), from baseline CRP to 
depression in 2015 (ßstd = 0.02, p = 0.47) were not significant in the CRP 
main-effect model, from baseline depression to CRP in 2015 
(ßstd = −0.02, p = 0.40), and from depression in 2013 to CRP in 2015 
(ßstd = 0.03, p = 0.31) were not significant in the CRP-depression 
reciprocal model, suggesting that CRP and depression could not 
prospectively predict each other at further time points after controlling 
all synchronous relations and all stability coefficients.

Cross-group analyses were also conducted to determine whether sex 
moderated any of the observed relationships. Again, the difference tests 
indicated that the autoregressive model did not vary significantly across 
the sexes (△χ2 = 78.75, df = 54, p = 0.02, △CFI < 0.01).

4. Discussion

This study investigated whether the inflammatory marker, CRP, 
could prospectively predict symptoms of depression in middle-aged and 
older adults using a prospective design of community and rural 
dwellings, accounting for a range of potential confounders. CRP was not 
significantly associated with depression both cross-sectionally and 
longitudinally in the largest sample. Consistent with the results of 
previous studies in some Asian regions, such as Islamabad, there was a 
lack of association between CRP and depression influenced by racial/
ethnic, genetic, and environmental factors, and population-based 
assessments of associations between physiological processes or social 
integration should consider these variables (Chapman and Santos-
Lozada, 2020; Zavos et al., 2022). Contrary to other reports, we did not 
find this association with gender modification either (Danner et al., 
2003; Morris et  al., 2011; Vogelzangs et  al., 2012; Song et  al., 2015; 
Köhler-Forsberg et al., 2017). In fact, it is unclear from existing studies 
whether CRP levels directly contribute to the onset and progression 
of depression.

Notably, BMI was negatively associated with depression in 2015 in 
our study, consistent with previous studies reported in Korea and China, 
and both studies demonstrated a negative correlation between BMI and 
depressive symptoms (Qin et al., 2017; Lee et al., 2019). This is contrary 
to the majority of findings from Western studies that reported a 
significant association between clinical overweighted or obesity and 
depression (Luppino et  al., 2010; Daly, 2013; Preiss et  al., 2013). 
Similarly, studies on other Asian populations have reported that being 
overweight or obese prevents depression. As previously reported, 
overweight individuals in Hong Kong and Bangladesh are less likely to 
have depressive symptoms, and obesity is an independent protective 
factor for depressive symptoms (Li et al., 2004). This counterintuitive 
epidemiological finding appears to be  consistent with the “obesity 

paradox” theory, which reflects the relationship between obesity and 
reduced mortality compared with normal weight (Adams et al., 2006). 
However, the CESD-10 was used in the study to primarily reflect an 
individual’s experience of depression, and abnormalities in BMI 
(underweight and overweight) may affect a person’s body satisfaction 
and self-esteem, which in turn may affect the test results (Richard 
et al., 2016).

However, our study found no significant association between CRP 
level and depression both cross-sectionally and longitudinally. This is in 
contrast to most findings from Western studies, which reported a 
significantly higher prevalence of MDD in individuals with high CRP 
levels, and this correlation appears to be more prominent in younger 
adults than in older patients (Jung and Kang, 2019; Milaneschi et al., 
2021; Orsolini et al., 2022). The cause of elevated CRP may be another 
potential mechanism of action for neurovascular injury induced by 
dysregulation of peripheral myeloid cells, pro-inflammatory cytokines 
and complement pathways (Menard et al., 2017; Horn et al., 2018). 
Additionally, elevated CRP levels and pro-inflammatory activity can 
drive inflammation through microglia and astrocyte activation (McKim 
et al., 2018; Wesselingh et al., 2019).

Our results lend partial support to studies on middle-aged and older 
adults that found no association between elevated CRP and higher odds 
of depression before and after adjusting for demographic, socio-
economic, lifestyle, and prior medical history variables (Pan et al., 2008; 
Stewart et al., 2008, 2009; Song et al., 2015; de Menezes et al., 2017). 
Possible interpretations can be made based on two aspects: sampling 
methods and depression types. Some studies adopted a convenience 
sample, which may have caused selection bias. Our study adopted a 
four-stage random sampling method across China, minimizing the 
potential bias and magnifying the sample representativeness of older 
Chinese participants. Our results partially replicated studies conducted 
in some East Asian populations, who share similar lifestyles, such as a 
sample of 3,289 community residents from Beijing and Shanghai (Pan 
et al., 2008) and a sample of 569 from a rural community in Korea (Song 
et al., 2015). However, two studies that adopted a random sampling 
method, were conducted in Whites, and found a unidirectional 
association, which suggests that race may play a role in this association 
(Gimeno et al., 2009; Zalli et al., 2016). Owing to the highly mixed 
results in this field, ethnic and racial differences should also 
be considered in future studies. Third, CRP-depression may only exist 
in people living with atypical depression rather than melancholic 
depression (Glaus et al., 2014; Lamers et al., 2016), which reflects that 
depression subtypes may have unique but different biological pathways. 
Further studies are needed to verify the neurobiological pathways of the 
CRP-depression association in different subtypes.

The strengths and limitations of this study should be mentioned. 
The major power is the strictness of the study design (random sampling 
method, prospective cohort, and large sample size), which supports high 
internal and external validity. However, this study had several 
limitations. First, we did not collect other pro-inflammatory biomarkers, 
like interleukin-6 (IL-6), which might be longitudinally associated with 
future depression status (Stewart et al., 2009). Second, the CESD-10 is 
not a commonly used assessment of depression in previous reports, 
limiting the comparability of our results to those of other studies. Third, 
CRP was collected in two waves, which limits our ability to assess the 
dynamic interaction between CRP and depression. Fourth, the interval 
between participant visits is too long, which may cause dampening 
effects of potential associations or stronger effects due to long-term 
interactions between variables.
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5. Conclusion

In summary, we failed to find a bidirectional association between 
CRP levels and depressive symptoms in well-represented middle-aged 
and older Chinese adults. Additionally, we  did not observe any 
sex-related modifications. Future studies should validate the role of 
multifaceted pro-inflammatory biomarkers in predicting depression and 
should also consider racial/ethnic, genetic, and environmental factors 
for the lack of association between CRP and depression and the use of 
commonly used depression scales and smaller time intervals to make 
the results comparable.

Data availability statement

The datasets presented in this study can be found in online 
repositories. The names of the repository/repositories and accession 
number(s) can be found in the article/Supplementary material.

Ethics statement

Written informed consent was obtained from the individual(s) for 
the publication of any potentially identifiable images or data included in 
this article.

Author contributions

BC formulated the research questions, designed the study, 
supervised the data cleaning. XL wrote the paper. BC and YN 
carried out data consolidation, cleaning, and preliminary analysis. 
XL, BC, and YN were responsible for principal analysis and result 
interpretation. XL and BC were responsible for the revision of the 

manuscript. All authors contributed to the article and approved the 
submitted version.

Acknowledgments

The data used in this study are released data by CHARLS for public 
use. Permissions were acquired to access the data used in our research, 
which were granted by CHARLS team. Therefore, we would like to 
thank the CHARLS team. Thanks to Jianhua Hou for his guidance and 
help in the direction of preliminary research.

Conflict of interest

The authors declare that the research was conducted in the absence 
of any commercial or financial relationships that could be construed as 
a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors and 
do not necessarily represent those of their affiliated organizations, or 
those of the publisher, the editors and the reviewers. Any product that 
may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online at: 
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1095150/
full#supplementary-material

References
Adams, K. F., Schatzkin, A., Harris, T. B., Kipnis, V., Mouw, T., Ballard-Barbash, R., et al. 

(2006). Overweight, obesity, and mortality in a large prospective cohort of persons 50 to 
71 years old. N. Engl. J. Med. 355, 763–778. doi: 10.1056/NEJMoa055643

Almeida, O. P., Norman, P. E., Allcock, R., van Bockxmeer, F., Hankey, G. J., Jamrozik, K., 
et al. (2009). Polymorphisms of the CRP gene inhibit inflammatory response and increase 
susceptibility to depression: the health in men study. Int. J. Epidemiol. 38, 1049–1059. doi: 
10.1093/ije/dyp199

Almeida, O. P., Norman, P., Hankey, G. J., Jamrozik, K., and Flicker, L. (2007). The 
association between C-reactive protein concentration and depression in later life is due to 
poor physical health: results from the health in men study (HIMS). Psychol. Med. 37, 
1775–1786. doi: 10.1017/S0033291707000827

Andresen, E. M., Malmgren, J. A., Carter, W. B., and Patrick, D. L. (1994). Screening for 
depression in well older adults: evaluation of a short form of the CES-D. Am. J. Prev. Med. 
10, 77–84. doi: 10.1016/S0749-3797(18)30622-6

Baune, B. T., Smith, E., Reppermund, S., Air, T., Samaras, K., Lux, O., et al. (2012). 
Inflammatory biomarkers predict depressive, but not anxiety symptoms during aging: the 
prospective Sydney memory and aging study. Psychoneuroendocrinology 37, 1521–1530. 
doi: 10.1016/j.psyneuen.2012.02.006

Beekman, A. T. F., Deeg, D. J. H., Limbeek, J. V., Braam, A. W., and Tilburg, W. V. (1997). 
Criterion validity of the center for epidemiologic studies depression scale (ces-d): results 
from a community-based sample of older subjects in the Netherlands. Psychol. Med. 27, 
231–235. doi: 10.1017/S0033291796003510

Beekman, A. T. F., Deeg, D. J., van Tilburg, T., Smit, J. H., Hooijer, C., and van Tilburg, W. 
(1995). Major and minor depression in later life: a study of prevalence and risk factors. J. 
Affect. Disord. 36, 65–75. doi: 10.1016/0165-0327(95)00061-5

Bjerkeset, O., Romild, U., Smith, G. D., and Hveem, K. (2011). The associations of high 
levels of C-reactive protein with depression and myocardial infarction in 9258 women and 
men from the HUNT population study. Psychol. Med. 41, 345–352. doi: 10.1017/
S0033291710000887

Boey, K. W. (1999). Cross-validation of a short form of the ces-d in Chinese elderly. Int. 
J. Geriatr. Psychiatry 14, 608–617. doi: 10.1002/(SICI)1099-1166(199908)14:8<608::AID-
GPS991>3.0.CO;2-Z

Bremmer, M. A., Beekman, A. T., Deeg, D. J., Penninx, B. W., Dik, M. G., Hack, C. E., 
et al. (2008). Inflammatory markers in late-life depression: results from a population-based 
study. J. Affect. Disord. 106, 249–255. doi: 10.1016/j.jad.2007.07.002

Chapman, A., and Santos-Lozada, A. R. (2020). Racial and ethnic differences in the 
associations between social integration, C-reactive protein and depressive symptoms. SSM 
Popul Health 12:100663. doi: 10.1016/j.ssmph.2020.100663

Cheung, G. W., and Rensvold, R. B. (2002). Evaluating goodness-of-fit indexes for testing 
measurement invariance. Struct. Equ. Model. Multidiscip. J. 9, 233–255. doi: 10.1207/
S15328007SEM0902_5

Cohen, J. (1988). Statistical power analysisi for the behavioral sciences. 2nd Edn.

Coventry, B. J., Ashdown, M. L., Quinn, M. A., Markovic, S. N., Yatomi-Clarke, S. L., 
and Robinson, A. P. (2009). CRP identifies homeostatic immune oscillations in cancer 
patients: a potential treatment targeting tool? J. Transl. Med. 7:102. doi: 10.1186/ 
1479-5876-7-102

Daly, M. (2013). The relationship of C-reactive protein to obesity-related depressive 
symptoms: a longitudinal study. Obesity (Silver Spring) 21, 248–250. doi: 10.1002/oby.20051

Danner, M., Kasl, S. V., Abramson, J. L., and Vaccarino, V. (2003). Association between 
depression and elevated C-reactive protein. Psychosom. Med. 65, 347–356. doi: 10.1097/01.
PSY.0000041542.29808.01

de Menezes, S. T., de Figueiredo, R. C., Goulart, A. C., Nunes, M. A., Benseñor, I. M., 
Viana, M. C., et al. (2017). Lack of association between depression and C-reactive protein 
level in the baseline of longitudinal study of adult health (ELSA-Brasil). J. Affect. Disord. 
208, 448–454. doi: 10.1016/j.jad.2016.10.046

Ehrminger, M., Brunet-Gouet, E., Cannavo, A. S., Aouizerate, B., Cussac, I., Azorin, J. M., 
et al. (2019). Longitudinal relationships between cognition and functioning over 2 years in 

https://doi.org/10.3389/fpsyg.2023.1095150
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1095150/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1095150/full#supplementary-material
https://doi.org/10.1056/NEJMoa055643
https://doi.org/10.1093/ije/dyp199
https://doi.org/10.1017/S0033291707000827
https://doi.org/10.1016/S0749-3797(18)30622-6
https://doi.org/10.1016/j.psyneuen.2012.02.006
https://doi.org/10.1017/S0033291796003510
https://doi.org/10.1016/0165-0327(95)00061-5
https://doi.org/10.1017/S0033291710000887
https://doi.org/10.1017/S0033291710000887
https://doi.org/10.1002/(SICI)1099-1166(199908)14:8<608::AID-GPS991>3.0.CO;2-Z
https://doi.org/10.1002/(SICI)1099-1166(199908)14:8<608::AID-GPS991>3.0.CO;2-Z
https://doi.org/10.1016/j.jad.2007.07.002
https://doi.org/10.1016/j.ssmph.2020.100663
https://doi.org/10.1207/S15328007SEM0902_5
https://doi.org/10.1207/S15328007SEM0902_5
https://doi.org/10.1186/1479-5876-7-102
https://doi.org/10.1186/1479-5876-7-102
https://doi.org/10.1002/oby.20051
https://doi.org/10.1097/01.PSY.0000041542.29808.01
https://doi.org/10.1097/01.PSY.0000041542.29808.01
https://doi.org/10.1016/j.jad.2016.10.046


Li et al. 10.3389/fpsyg.2023.1095150

Frontiers in Psychology 08 frontiersin.org

euthymic patients with bipolar disorder: a cross-lagged panel model approach with the 
FACE-BD cohort. Br. J. Psychiatry 218, 80–87. doi: 10.1192/bjp.2019.180

Elovainio, M., Aalto, A. M., Kivimäki, M., Pirkola, S., Sundvall, J., Lönnqvist, J., et al. 
(2009). Depression and C-reactive protein: population-based health 2000 study. Psychosom. 
Med. 71, 423–430. doi: 10.1097/PSY.0b013e31819e333a

Felger, J. C., Haroon, E., Patel, T. A., Goldsmith, D. R., Wommack, E. C., Woolwine, B. J., 
et al. (2020). What does plasma CRP tell us about peripheral and central inflammation in 
depression? Mol. Psychiatry 25, 1301–1311. doi: 10.1038/s41380-018-0096-3

Forti, P., Rietti, E., Pisacane, N., Olivelli, V., Mariani, E., Chiappelli, M., et al. (2010). 
Blood inflammatory proteins and risk of incident depression in the elderly. Dement. 
Geriatr. Cogn. Disord. 29, 11–20. doi: 10.1159/000261644

Gimeno, D., Kivimäki, M., Brunner, E. J., Elovainio, M., De Vogli, R., Steptoe, A., et al. 
(2009). Associations of C-reactive protein and interleukin-6 with cognitive symptoms of 
depression: 12-year follow-up of the Whitehall II study. Psychol. Med. 39, 413–423. doi: 
10.1017/S0033291708003723

Glaus, J., Vandeleur, C. L., von Kanel, R., Lasserre, A. M., Strippoli, M. P., 
Gholam-Rezaee, M., et al. (2014). Associations between mood, anxiety or substance use 
disorders and inflammatory markers after adjustment for multiple covariates in a 
population-based study. J. Psychiatr. Res. 58, 36–45. doi: 10.1016/j.jpsychires.2014.07.012

Haapakoski, R., Mathieu, J., Ebmeier, K. P., Alenius, H., and Kivimäki, M. (2015). 
Cumulative meta-analysis of interleukins 6 and 1β, tumour necrosis factor α and C-reactive 
protein in patients with major depressive disorder. Brain Behav. Immun. 49, 206–215. doi: 
10.1016/j.bbi.2015.06.001

Häfner, S., Baumert, J., Emeny, R. T., Lacruz, M. E., Thorand, B., Herder, C., et al. (2012). 
Sleep disturbances and depressed mood: a harmful combination associated with increased 
leptin levels in women with normal weight. Biol. Psychol. 89, 163–169. doi: 10.1016/j.
biopsycho.2011.10.005

Häfner, S., Emeny, R. T., Lacruz, M. E., Baumert, J., Herder, C., Koenig, W., et al. (2011). 
Association between social isolation and inflammatory markers in depressed and non-
depressed individuals: results from the MONICA/KORA study. Brain Behav. Immun. 25, 
1701–1707. doi: 10.1016/j.bbi.2011.06.017

Hart, B. L. (1988). Biological basis of the behavior of sick animals. Neurosci. Biobehav. 
Rev. 12, 123–137. doi: 10.1016/S0149-7634(88)80004-6

Hayes-Ryan, D., and Byrne, B. M. (2012). Prevention of thrombosis in pregnancy: how 
practical are consensus derived clinical practice guidelines? J Obstet Gynaecol 32, 740–742. 
doi: 10.3109/01443615.2012.693982

Horn, S. R., Long, M. M., Nelson, B. W., Allen, N. B., Fisher, P. A., and Byrne, M. L. 
(2018). Replication and reproducibility issues in the relationship between C-reactive 
protein and depression: a systematic review and focused meta-analysis. Brain Behav. 
Immun. 73, 85–114. doi: 10.1016/j.bbi.2018.06.016

Howren, M. B., Lamkin, D. M., and Suls, J. (2009). Associations of depression with 
C-reactive protein, IL-1, and IL-6: a meta-analysis. Psychosom. Med. 71, 171–186. doi: 
10.1097/PSY.0b013e3181907c1b

James, S. L., Abate, D., Vos, K. H., and Murray, C. J. L. (2018). Global, regional, and 
national incidence, prevalence, and years lived with disability for 354 diseases and injuries 
for 195 countries and territories, 1990– 2017: a systematic analysis for the global burden 
of disease study 2017. Lancet 392, 1789–1858. doi: 10.1016/S0140-6736(18)32279-7

Jung, Y. E., and Kang, K. Y. (2019). Elevated hs-CRP level is associated with depression in 
younger adults: results from the Korean National Health and nutrition examination survey 
(KNHANES 2016). Psychoneuroendocrinology 109:104397. doi: 10.1016/j.psyneuen.2019.104397

Köhler-Forsberg, O., Buttenschøn, H. N., Tansey, K. E., Maier, W., Hauser, J., 
Dernovsek, M. Z., et al. (2017). Association between C-reactive protein (CRP) with 
depression symptom severity and specific depressive symptoms in major depression. Brain 
Behav. Immun. 62, 344–350. doi: 10.1016/j.bbi.2017.02.020

Kohout, F. J., Berkman, L. F., Evans, D. A., and Cornoni-Huntley, J. (1993). Two shorter 
forms of the CES-D (Center for Epidemiological Studies Depression) depression symptoms 
index. J. Aging Health 5, 179–193. doi: 10.1177/089826439300500202

Kop, W. J., and Gottdiener, J. S. (2005). The role of immune system parameters in the 
relationship between depression and coronary artery disease. Psychosom. Med. 67, S37–
S41. doi: 10.1097/01.psy.0000162256.18710.4a

Lamers, F., Beekman, A. T., van Hemert, A. M., Schoevers, R. A., and Penninx, B. W. 
(2016). Six-year longitudinal course and outcomes of subtypes of depression. Br. J. 
Psychiatry 208, 62–68. doi: 10.1192/bjp.bp.114.153098

Lee, S., Oh, S. S., Jang, S. I., and Park, E. C. (2019). Sex difference in the association 
between high-sensitivity C-reactive protein and depression: the 2016 Korea National 
Health and nutrition examination survey. Sci. Rep. 9:1918. doi: 10.1038/s41598-018-36402-3

Lewinsohn, P. M., Seeley, J. R., Roberts, R. E., and Allen, N. B. (1997). Center for Epidemiologic 
Studies Depression Scale (CES-D) as a screening instrument for depression among community-
residing older adults. Psychol. Aging 12, 277–287. doi: 10.1037/0882-7974.12.2.277

Li, Z. B., Ho, S. Y., Chan, W. M., Ho, K. S., Li, M. P., Leung, G. M., et al. (2004). Obesity 
and depressive symptoms in Chinese elderly. Int. J. Geriatr. Psychiatry 19, 68–74. doi: 
10.1002/gps.1040

Li, Y., Zhao, L., Yu, D., and Ding, G. (2018). Exposure to the Chinese famine in early life and 
depression in adulthood. Psychol. Health Med. 23, 952–957. doi: 10.1080/13548506.2018.1434314

Li, Y., Zhao, L., Yu, D., and Ding, G. (2019). Associations between serum uric acid and 
depression among middle-aged and elderly participants in China. Psychol. Health Med. 24, 
1277–1286. doi: 10.1080/13548506.2019.1622748

Luppino, F. S., de Wit, L. M., Bouvy, P. F., Stijnen, T., Cuijpers, P., Penninx, B. W., 
et al. (2010). Overweight, obesity, and depression: a systematic review and meta-
analysis of longitudinal studies. Arch. Gen. Psychiatry 67, 220–229. doi: 10.1001/
archgenpsychiatry.2010.2

McKim, D. B., Weber, M. D., Niraula, A., Sawicki, C. M., Liu, X., Jarrett, B. L., et al. 
(2018). Microglial recruitment of IL-1β-producing monocytes to brain endothelium causes 
stress-induced anxiety. Mol. Psychiatry 23, 1421–1431. doi: 10.1038/mp.2017.64

Menard, C., Pfau, M. L., Hodes, G. E., Kana, V., Wang, V. X., Bouchard, S., et al. (2017). 
Social stress induces neurovascular pathology promoting depression. Nat. Neurosci. 20, 
1752–1760. doi: 10.1038/s41593-017-0010-3

Milaneschi, Y., Corsi, A. M., Penninx, B. W., Bandinelli, S., Guralnik, J. M., and 
Ferrucci, L. (2009). Interleukin-1 receptor antagonist and incident depressive symptoms 
over 6 years in older persons: the InCHIANTI study. Biol. Psychiatry 65, 973–978. doi: 
10.1016/j.biopsych.2008.11.011

Milaneschi, Y., Kappelmann, N., Ye, Z., Lamers, F., Moser, S., Jones, P. B., et al. (2021). 
Association of inflammation with depression and anxiety: evidence for symptom-
specificity and potential causality from UK biobank and NESDA cohorts. Mol. Psychiatry 
26, 7393–7402. doi: 10.1038/s41380-021-01188-w

Miller, A. H., Maletic, V., and Raison, C. L. (2009). Inflammation and its discontents: the 
role of cytokines in the pathophysiology of major depression. Biol. Psychiatry 65, 732–741. 
doi: 10.1016/j.biopsych.2008.11.029

Morris, A. A., Zhao, L., Ahmed, Y., Stoyanova, N., De Staercke, C., Hooper, W. C., et al. 
(2011). Association between depression and inflammation--differences by race and sex: 
the META-health study. Psychosom. Med. 73, 462–468. doi: 10.1097/PSY.0b013e318222379c

Muthén, L. K., and Muthén, B. O. (1998–2012). Mplus user's Guide. 7th Edn.

Nehring, S. M., Goyal, A., and Patel, B. C. (2022). “C reactive protein” in Stat Pearls 
(Treasure Island (FL): Stat Pearls Publishing).

Orsolini, L., Pompili, S., Tempia Valenta, S., Salvi, V., and Volpe, U. (2022). C-reactive 
protein as a biomarker for major depressive disorder? Int. J. Mol. Sci. 23. doi: 10.3390/
ijms23031616

Pan, A., Ye, X., Franco, O. H., Li, H., Yu, Z., Wang, J., et al. (2008). The association of 
depressive symptoms with inflammatory factors and adipokines in middle-aged and older 
Chinese. PLoS One 3:e1392. doi: 10.1371/journal.pone.0001392

Penninx, B. W., Kritchevsky, S. B., Yaffe, K., Newman, A. B., Simonsick, E. M., Rubin, S., 
et al. (2003). Inflammatory markers and depressed mood in older persons: results from the 
health, aging and body composition study. Biol. Psychiatry 54, 566–572. doi: 10.1016/
S0006-3223(02)01811-5

Preiss, K., Brennan, L., and Clarke, D. (2013). A systematic review of variables associated 
with the relationship between obesity and depression. Obes. Rev. 14, 906–918. doi: 10.1111/
obr.12052

Qin, T., Liu, W., Yin, M., Shu, C., Yan, M., Zhang, J., et al. (2017). Body mass index 
moderates the relationship between C-reactive protein and depressive symptoms: evidence 
from the China health and retirement longitudinal study. Sci. Rep. 7:39940. doi: 10.1038/
srep39940

Radloff, L. S. (1977). The CES-D scale: a self-report depression scale for research in the 
general population. Appl. Psychol. Meas. 1, 385–401. doi: 10.1177/014662167700100306

Raison, C. L., Capuron, L., and Miller, A. H. (2006). Cytokines sing the blues: 
inflammation and the pathogenesis of depression. Trends Immunol. 27, 24–31. doi: 
10.1016/j.it.2005.11.006

Richard, A., Rohrmann, S., Lohse, T., and Eichholzer, M. (2016). Is body weight 
dissatisfaction a predictor of depression independent of body mass index, sex and age? 
Results of a cross-sectional study. BMC Public Health 16:863. doi: 10.1186/s12889-016-3497-8

Sivertsen, H., Bjørkløf, G. H., Engedal, K., Selbæk, G., and Helvik, A. S. (2015). 
Depression and quality of life in older persons: a review. Dement. Geriatr. Cogn. Disord. 
40, 311–339. doi: 10.1159/000437299

Slavich, G. M., and Irwin, M. R. (2014). From stress to inflammation and major 
depressive disorder: a social signal transduction theory of depression. Psychol. Bull. 140, 
774–815. doi: 10.1037/a0035302

Slopen, N., Lewis, T. T., Gruenewald, T. L., Mujahid, M. S., Ryff, C. D., Albert, M. A., 
et al. (2010). Early life adversity and inflammation in African Americans and whites in the 
midlife in the United  States survey. Psychosom. Med. 72, 694–701. doi: 10.1097/
PSY.0b013e3181e9c16f

Smagula, S. F., Ancoli-Israel, S., Barrett-Connor, E., Lane, N. E., Redline, S., Stone, K. L., 
et al. (2014). Inflammation, sleep disturbances, and depressed mood among community-
dwelling older men. J. Psychosom. Res. 76, 368–373. doi: 10.1016/j.jpsychores.2014.02.005

Smith, R. S. (1991). The macrophage theory of depression. Med. Hypotheses 35, 298–306. 
doi: 10.1016/0306-9877(91)90272-Z

Song, B. M., Lee, J. M., Choi, W., Youm, Y., Chu, S. H., Park, Y. R., et al. (2015). 
Association between C reactive protein level and depressive symptoms in an elderly Korean 
population: Korean social life, health and aging project. BMJ Open 5:e006429. doi: 10.1136/
bmjopen-2014-006429

Stewart, J. C., Janicki-Deverts, D., Muldoon, M. F., and Kamarck, T. W. (2008). Depressive 
symptoms moderate the influence of hostility on serum interleukin-6 and C-reactive 
protein. Psychosom. Med. 70, 197–204. doi: 10.1097/PSY.0b013e3181642a0b

Stewart, J. C., Rand, K. L., Muldoon, M. F., and Kamarck, T. W. (2009). A prospective 
evaluation of the directionality of the depression-inflammation relationship. Brain Behav. 
Immun. 23, 936–944. doi: 10.1016/j.bbi.2009.04.011

https://doi.org/10.3389/fpsyg.2023.1095150
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1192/bjp.2019.180
https://doi.org/10.1097/PSY.0b013e31819e333a
https://doi.org/10.1038/s41380-018-0096-3
https://doi.org/10.1159/000261644
https://doi.org/10.1017/S0033291708003723
https://doi.org/10.1016/j.jpsychires.2014.07.012
https://doi.org/10.1016/j.bbi.2015.06.001
https://doi.org/10.1016/j.biopsycho.2011.10.005
https://doi.org/10.1016/j.biopsycho.2011.10.005
https://doi.org/10.1016/j.bbi.2011.06.017
https://doi.org/10.1016/S0149-7634(88)80004-6
https://doi.org/10.3109/01443615.2012.693982
https://doi.org/10.1016/j.bbi.2018.06.016
https://doi.org/10.1097/PSY.0b013e3181907c1b
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1016/j.psyneuen.2019.104397
https://doi.org/10.1016/j.bbi.2017.02.020
https://doi.org/10.1177/089826439300500202
https://doi.org/10.1097/01.psy.0000162256.18710.4a
https://doi.org/10.1192/bjp.bp.114.153098
https://doi.org/10.1038/s41598-018-36402-3
https://doi.org/10.1037/0882-7974.12.2.277
https://doi.org/10.1002/gps.1040
https://doi.org/10.1080/13548506.2018.1434314
https://doi.org/10.1080/13548506.2019.1622748
https://doi.org/10.1001/archgenpsychiatry.2010.2
https://doi.org/10.1001/archgenpsychiatry.2010.2
https://doi.org/10.1038/mp.2017.64
https://doi.org/10.1038/s41593-017-0010-3
https://doi.org/10.1016/j.biopsych.2008.11.011
https://doi.org/10.1038/s41380-021-01188-w
https://doi.org/10.1016/j.biopsych.2008.11.029
https://doi.org/10.1097/PSY.0b013e318222379c
https://doi.org/10.3390/ijms23031616
https://doi.org/10.3390/ijms23031616
https://doi.org/10.1371/journal.pone.0001392
https://doi.org/10.1016/S0006-3223(02)01811-5
https://doi.org/10.1016/S0006-3223(02)01811-5
https://doi.org/10.1111/obr.12052
https://doi.org/10.1111/obr.12052
https://doi.org/10.1038/srep39940
https://doi.org/10.1038/srep39940
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1016/j.it.2005.11.006
https://doi.org/10.1186/s12889-016-3497-8
https://doi.org/10.1159/000437299
https://doi.org/10.1037/a0035302
https://doi.org/10.1097/PSY.0b013e3181e9c16f
https://doi.org/10.1097/PSY.0b013e3181e9c16f
https://doi.org/10.1016/j.jpsychores.2014.02.005
https://doi.org/10.1016/0306-9877(91)90272-Z
https://doi.org/10.1136/bmjopen-2014-006429
https://doi.org/10.1136/bmjopen-2014-006429
https://doi.org/10.1097/PSY.0b013e3181642a0b
https://doi.org/10.1016/j.bbi.2009.04.011


Li et al. 10.3389/fpsyg.2023.1095150

Frontiers in Psychology 09 frontiersin.org

Su, S., Miller, A. H., Snieder, H., Bremner, J. D., Ritchie, J., Maisano, C., et al. (2009). 
Common genetic contributions to depressive symptoms and inflammatory markers in 
middle-aged men: the twins heart study. Psychosom. Med. 71, 152–158. doi: 10.1097/
PSY.0b013e31819082ef

Surtees, P. G., Wainwright, N. W., Boekholdt, S. M., Luben, R. N., Wareham, N. J., and 
Khaw, K. T. (2008). Major depression, C-reactive protein, and incident ischemic heart 
disease in healthy men and women. Psychosom. Med. 70, 850–855. doi: 10.1097/
PSY.0b013e318183acd5

Tully, P. J., Baumeister, H., Bengel, J., Jenkins, A., Januszewski, A., Martin, S., et al. (2015). 
The longitudinal association between inflammation and incident depressive symptoms in 
men: the effects of hs-CRP are independent of abdominal obesity and metabolic 
disturbances. Physiol. Behav. 139, 328–335. doi: 10.1016/j.physbeh.2014.11.058

Valkanova, V., Ebmeier, K. P., and Allan, C. L. (2013). CRP, IL-6 and depression: a 
systematic review and meta-analysis of longitudinal studies. J. Affect. Disord. 150, 736–744. 
doi: 10.1016/j.jad.2013.06.004

Vogelzangs, N., Duivis, H. E., Beekman, A. T., Kluft, C., Neuteboom, J., Hoogendijk, W., 
et al. (2012). Association of depressive disorders, depression characteristics and antidepressant 
medication with inflammation. Transl. Psychiatry 2:e79. doi: 10.1038/tp.2012.8

Wesselingh, R., Butzkueven, H., Buzzard, K., Tarlinton, D., O'Brien, T. J., and Monif, M. 
(2019). Innate immunity in the central nervous system: a missing piece of the autoimmune 
encephalitis puzzle? Front. Immunol. 10:2066. doi: 10.3389/fimmu.2019.02066

Wilkinson, P., Ruane, C., and Tempest, K. (2018). Depression in older adults. BMJ 
363:k4922. doi: 10.1136/bmj.k4922

Zalli, A. J., Hoogendijk, O. W., Tiemeier, H., and Carvalho, L. A. (2016). Low-grade 
inflammation predicts persistence of depressive symptoms. Psychopharmacology 233, 
1669–1678. doi: 10.1007/s00213-015-3919-9

Zavos, H. M. S., Zunszain, P. A., Jayaweera, K., Powell, T. R., Chatzivasileiadou, M., 
Harber-Aschan, L., et al. (2022). Relationship between CRP and depression: a genetically 
sensitive study in Sri Lanka. J. Affect. Disord. 297, 112–117. doi: 10.1016/j.jad.2021.10.003

Zhao, Y., Hu, Y., Smith, J. P., Strauss, J., and Yang, G. (2014). Cohort profile: the China 
health and retirement longitudinal study (CHARLS). Int. J. Epidemiol. 43, 61–68. doi: 
10.1093/ije/dys203

Zoga, M., Oulis, P., Chatzipanagiotou, S., Masdrakis, V. G., Pliatsika, P., Boufidou, F., 
et al. (2014). Indoleamine 2,3-dioxygenase and immune changes under antidepressive 
treatment in major depression in females. In Vivo 28, 633–638.

https://doi.org/10.3389/fpsyg.2023.1095150
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1097/PSY.0b013e31819082ef
https://doi.org/10.1097/PSY.0b013e31819082ef
https://doi.org/10.1097/PSY.0b013e318183acd5
https://doi.org/10.1097/PSY.0b013e318183acd5
https://doi.org/10.1016/j.physbeh.2014.11.058
https://doi.org/10.1016/j.jad.2013.06.004
https://doi.org/10.1038/tp.2012.8
https://doi.org/10.3389/fimmu.2019.02066
https://doi.org/10.1136/bmj.k4922
https://doi.org/10.1007/s00213-015-3919-9
https://doi.org/10.1016/j.jad.2021.10.003
https://doi.org/10.1093/ije/dys203

	Lack of bidirectional association between C-reactive protein and depressive symptoms in middle-aged and older adults: Results from a nationally representative prospective cohort study
	1. Introduction
	2. Materials and methods
	2.1. Sample recruitment and dataset
	2.2. Assessment of depression
	2.3. Assessment of CRP
	2.4. Control variables
	2.5. Statistical analyses

	3. Results
	3.1. Preliminary analyses
	3.2. Cross-lagged analyses

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher’s note

	References

