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Background: The potential association between depressive status and the risk of

mild cognitive impairment (MCI) remains unclear, especially in the absence of

prospective evidence. This study aims to elucidate the impact of either

depression score or depression on the risk of MCI using longitudinal data from

the China Health and Retirement Longitudinal Study (CHARLS).

Methods: This prospective study included 5,766 participants from CHARLS

followed from 2011 to 2015. We calculated the baseline depression score

using the 10-item Center for Epidemiologic Studies Depression Scale (CESD-

10) and the cognitive status score after 3 years of follow-up through four

dimensions: orientation, memory, calculation, and draw. We collected baseline

sociological characteristics and health-related factors as covariates, using

multivariate-adjusted logistics regression models (odds ratios (OR) and 95%

confidence intervals (CI)) and restricted cubic splines (RCS) to estimate the

effect of depressive status on MCI risk.

Results: We observed 724 new cases of MCI at follow-up. Logistics regression

analysis showed that participants with depression had a 58% higher risk of

developing MCI than those without depression (OR = 1.58, 95%CI: 1.35-1.85),

and the positive association persisted after adjusting for covariates such as

sociological characteristics of the population and health-related factors (OR =

1.24, 95%CI: 1.04-1.48). We also observed a dose-response relationship between

depression score and MCI risk, with participants with 11~20 and 21~30 scores

having a progressively higher risk of MCI compared to participants with depression

score of 0~10 (p for trend < 0.05), and a 3% increase in MCI risk for each 1-point

increase in depression scores (OR = 1.03, 95%CI: 1.01-1.04). RCS analysis also

showed a nonlinear association between depression score andMCI risk (p for non-

linearity = 0.001), with MCI risk increasing with increasing depression score. In

addition, stratified analyses based on sex, age, marital status, residence, BMI,

nighttime sleep, smoking status, alcohol drinking status, baseline serological

indicators, and comorbidities showed no interaction (p for interaction > 0.05)

other than serum total cholesterol levels (p for interaction = 0.008).

Conclusions: Among middle-aged and elderly adults from CHARLS, depression

is an independent risk factor for MCI, indicating that individuals with more severe
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depression symptoms are more likely to suffer from MCI. Early depression

screening based on CESD-10 may help identify individuals at high risk of MCI,

and early intervention may reduce the incidence of MCI and Alzheimer’s disease,

thereby reducing the social care burden of an ageing population.
KEYWORDS

CHARLS, mild cognitive impairment, depression, depressive status, restricted
cubic spline
1 Introduction

With the rapid development of social economy, the Chinese

population is aging rapidly, according to the latest seventh

population census data in 2020, China’s population aged 60 and

over is 264,018,766, accounting for 18.70% of the total population, of

which 190,635,280 people are aged 65 and over, accounting for 13.50%

of the total population (1). Large-scale population ageing has led to a

surge in the incidence, prevalence, and mortality of neurodegenerative

diseases, greatly increasing the disease burden and healthcare needs of

society as a whole (1). Dementia is one of the most common primary

neurodegenerative diseases in the elderly, manifested by intellectual

disability, personality changes, and loss of the ability to perform daily

activities. Mild cognitive impairment (MCI) is a status between normal

cognition and dementia that is classified as mild neurocognitive

impairment by the Diagnostic and Statistical Manual of Mental

Disorders, Fifth Edition (DSM-5), typically manifested by a decline

in learning and memory that does not affect daily life and does not

meet the diagnostic criteria for dementia (2). MCI is a heterogeneous

disorder, and its incidence and prevalence are highly dependent on the

diagnostic criteria applied. The prevalence of MCI in adults over 55

years of age in China is 15.4%, and the prevalence varies depending on

diagnostic criteria (3). Research data show that 10%~15% of MCI

patients progress to Alzheimer’s disease (AD) within 1 year, 40%

within 2 years, 20%~53% within 3 years, and 55% within 4~5 years,

and early detection and timely use of interventions such as aerobic

exercise, mental activity, social participation, and cardiovascular risk

factor control can reduce this risk (4). Therefore, identifying the risk

factors for MCI can be an important means to reduce the incidence of

AD (5). Studies have shown that MCI is associated with age, sex,

apolipoprotein E alleles, family history, and the presence of

cardiovascular risk factors such as hypertension, hyperlipidemia,

coronary heart disease, and stroke (6–8).

Depression is a common neuropsychiatric disorder in older

adults that primarily affects people with chronic diseases and

cognitive impairment, causing distress, family breakdown, and

disability, worsening the outcomes of many diseases, and

increasing mortality (9). According to the latest epidemiological

survey, the lifetime prevalence of depressive disorder in Chinese

residents is 6.8%, of which the lifetime prevalence of depression

among the elderly is 3.4% (10). According to the 2013 Global
02
Burden of Disease study, depression has become the leading cause

of the top 10 causes of disability-adjusted life years in every country

worldwide (11). Studies have found that older patients with severe

depression develop dementia during an episode, with some patients

having resolves the symptoms of dementia after the depressive

symptoms have resolved, while a large proportion of patients are left

with some form of cognitive impairment after the depressive

symptoms have been resolved (12), and about 40% of patients

develop irreversible dementia at three years of follow-up (13).

Previous studies have shown a significant positive correlation

between depression and MCI (5, 14), but the lack of evidence for

the Chinese population in these studies, and the vast majority of

data from cross-sectional studies, making it difficult to determine

the causal relationship between depression and MCI.

This study used data from the China Health and Retirement

Longitudinal Study (CHARLS) to explore the prospective

relationship between baseline depressive status and MCI, with a

view to proposing targeted interventions for the prevention of MCI

and AD.
2 Materials and methods

2.1 Study population and design

CHARLS is a nationally representative longitudinal cohort

study in China. The baseline survey was conducted in 2011 to

recruit respondents and their spouses from 10,257 households in

450 villages in 150 counties in 28 provinces. CHARLS interviewees

conduct face-to-face personal interviews every two years. Social,

demographic and lifestyle factors, as well as health-related

information, were assessed using structured questionnaires.

Details of CHARLS have been reported elsewhere (15). The study

was approved by the Peking University Biomedical Ethics Review

Committee, and all participants provided written informed consent.

In this study, we retrospectively analyzed data from CHARLS in

2011 and 2015. A total of 17,708 participants were recruited in the

2011 survey. The inclusion criteria for the study were: 1) individuals

who reached the age of 45 years or older in 2011; 2) have assessment

data on cognitive status and depressive status. The exclusion criteria

were: 1) participants who lacked relevant information about
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demographic data and all covariates at baseline, including gender,

age, BMI, serological data, physical examination information, etc.;

2) participants with missing data from all cognitive status

assessment questionnaires in 2011 and 2015; 3) participants with

a diagnosis of cancer in 2011; 4) participants who met the diagnostic

criteria for MCI in 2011; 5) participants with missing follow-up data

in 2015. Eventually, 5,766 participants were included in the analysis.

Figure 1 shows the detailed selection process.
2.2 Assessment of depressive status

Depression was the main exposure indicator in this study.

Depressive status is assessed by the 10-item Center for

Epidemiological Research Center’s Depression Scale (CESD),

which has high validity and good psychometric performance in

older Chinese adults (16). Each item is assigned a score according to

the degree of strength, with a minimum of 0 points and a maximum

of 3 points, for a total of 10 items. The sum of the scores of all items

(between 0~30) was calculated on the total depression score, and

participants with a score of ≥ 10 were determined to have
Frontiers in Psychiatry 03
depression, and a score of < 10 was considered normal, and the

assessment was considered invalid if there were two or more items

that refused to answer (17).
2.3 Assessment of cognitive status

As the primary outcome, MCI was determined based on

cognitive function scores referring to the modified version of

Telephone Interview for Cognitive Status (TICS-m) (18).

Cognitive function was assessed across two components: episodic

memory and mental status (19, 20), with a combined score ranging

from 0 to 31, where higher scores denote superior cognitive

performance (21, 22). Episodic memory is mainly an assessment

of memory dimension, conducted through face-to-face interview,

with scores ranging from 0 to 20, derived from the sum of

immediate (0~10 points) and delayed (0~10 points) word recall.

In detail, participants were required to recall as many words as

possible from a list of ten Chinese words presented by the

interviewer for immediate recall and again after completing other

assessments for delayed recall, with each correct word earning 1
FIGURE 1

The flow chart of participants selection process. CHARLS, China Health and Retirement Longitudinal Study; MCI, mild cognitive impairment.
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point. Mental status, scored from 0 to 11, involved the assessment of

three dimensions: orientation (0~5 points), calculation (0~5

points), and drawing (0~1 points), with orientation and

calculation assessed via telephone interview and drawing assessed

via face-to-face interview (21). The orientation dimension

assessment items include year, month, day, day of the week, and

current season, and each item is worth 1 point for correctness, with

a maximum of 5 points. The computation dimension assessment

asks respondents to subtract 7 from 100 5 times in a row, scoring 1

point for each 1 success, up to a maximum of 5 points. The drawing

dimension assessment asks the interviewee to show the interviewee

a picture of two pentagram stars overlapping each other, and asks

the interviewee to draw the same pattern. If correct, 1 point is

awarded. However, the diagnosis of MCI lacks a uniform standard.

In this study, we employed the aging-associated cognitive decline

(AACD) criteria to define MCI, which is characterized by

performance at least one standard deviation (SD) below the age-

specific norm (23, 24).
2.4 Assessment of covariates

Based on previous knowledge, we also considered the potential

impact of sociodemographic characteristics and health-related

factors in our studies. Sociodemographic characteristics include

sex (male or female), age (continuous variable), marital status

(married or otherwise), residence (urban or rural). Health-related

factors include blood pressure (systolic and diastolic), body mass

index (BMI, continuous variable), nighttime sleep (less than 6

hours, 6~8 hours, or more than 8 hours), smoking status (never,

current, or previous), drinking status (never, current, or previous), 7

serum markers that reflect healthy status (glycosylated hemoglobin

(HbA1c, continuous variable), fasting blood glucose (FBG,

continuous variable), triglycerides (TG, continuous variable),

total cholesterol (TC, continuous variable), high-density

lipoprotein cholesterol (HDL-C, continuous variable), low-density

lipoprotein cholesterol (LDL-C, continuous variable), and

serum creatinine (continuous variable)), 4 cognitively related

comorbidities (hypertension (yes or no), dyslipidemia (yes or no),

stroke (yes or no), and diabetes/hyperglycemia (yes or no)), and

common chronic disease medication use (antihypertensive drugs (yes

or no), lipid-lowering drugs (yes or no), and hypoglycemic drugs (yes

or no)). BMI is defined as weight (kg) divided by height (m) squared.

In addition, to account for the impact of renal function, we calculated

the estimated glomerular filtration rate (eGFR) using the Chinese

modification of diet in renal disease (C-MDRD) formula (25).
2.5 Statistical analysis

For the baseline characteristics of the study population, the

normal distribution quantitative data were presented as mean and

standard deviation (SD), and independent sample t-test was used to

compare the differences between groups; Non-normal distribution
Frontiers in Psychiatry 04
quantitative data were presented as median and interquartile range

(IQR), and the Mann-Whitney U test was used to compare

differences between groups; Qualitative data were presented as

number and percentage, and differences between groups were

compared using the Pearson chi-square test.

The prospective association of depression at baseline with new-

onset MCI was analyzed using logistics regression analysis,

expressed as odds ratios (OR) and 95% confidence intervals (CI).

In order to avoid the interference of confounding factors, we

conducted multivariable-adjusted models. Specifically, the crude

model was a univariate regression model without additional

adjustment for confounding factors. Model 1 adjusted for the

sociological characteristics of the population and some health-

related variables, including sex, age, marital status, residence,

systolic and diastolic blood pressures, BMI, nighttime sleep,

smoking status, and drinking status; Model 2 further adjusted for

serum indicators, comorbidities, and medications based on Model

1, including HbA1c, FBG, TG, TC, HDL-C, LDL-C, eGFR,

hypertension, dyslipidemia, stroke, diabetes or hyperglycemia,

and use of antihypertensive drugs, Lipid-lowering drugs and

hypoglycemic drugs.

To further explore the dose-response effect between depressive

status and MCI, we explored the prospective association between

depression symptoms and MCI risk using logistics regression

models. We divided participants into 3 groups based on

depression scores: 0~10 points (without obvious depression

symptoms), 11~20 points (with mild depression symptoms) and

21~30 points (with moderate to severe depression symptoms), and

calculated the estimated risk of MCI (OR and 95%CI) for each

group by a logistics regression model. We also performed logistics

regression using depression scores as continuous variables to

explore changes in the risk of MCI for each 1-point increase in

depression score. Here, we also control for confounders and

conducted crude model, model 1, and model 2. The variable

adjustments for each model are exactly the same as those of the

previous model. To explore the potential nonlinear relationship

between depression score and MCI risk, we plotted a restricted

cubic spline (RCS) curve to describe the dynamic trend of MCI risk

as depression score increased. The number of knots for RCS

analysis was set to 4, at 5%, 35%, 65%, and 95%, respectively, the

reference value was set to the median (OR=1.00), and the

adjustment of the covariate was exactly the same as for model 2.

In addition, we conducted stratified analyses to assess potential

interactions among various variables. Specifically, we examined

interactions based on the following factors: sex, age, marital

status, residence, BMI, nighttime sleep, smoking status, drinking

status, HbA1C, FBG, TG, HDL-C, LDL-C, eGFR, and the history of

disease such as hypertension, dyslipidemia, diabetes or

hyperglycemia, and stroke. To evaluate these interactions, we

employed likelihood ratio tests, which allowed us to determine

whether the effect of baseline depression on incident MCI varied

significantly across different levels of these categorical variables. For

each interaction, we included an interaction term in the logistic

regression model, allowing us to assess how the relationship
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between baseline depression and MCI at follow-up was modified by

each variable. It is worth noting that we only calculated the overall p

value for interaction effect in the subgroup analysis of multi-

categorical variables such as nighttime sleep, smoking status, and

drinking status and did not further consider the correction for

multiple testing.

All statistical analyses were performed using R version 4.4.1. For

hypothesis testing, a two-tailed p value of < 0.05 was considered

statistically significant.
Frontiers in Psychiatry 05
3 Results

3.1 Baseline characteristics

Our study included a total of 5,766 participants with a mean age

of 58.3 years, of whom 2,104 were identified as depression at

baseline. Table 1 describes the baseline characteristics of

participants divided by depression. Participants with depression

tend to be older, married, and have lower levels of BMI, TG, serum
TABLE 1 Baseline characteristics of 5,766 participants according to baseline depression and new-onset MCI.

Characteristic
Overall

Depression at baseline
in 2011 P

value※

New-onset MCI at follow-
up in 2015 P

value※
n = 5766

No
(n = 3662)

Yes
(n = 2104)

No
(n = 5042) Yes (n = 724)

Sex, n (%) <0.001 <0.001

Male 2737 (47.5) 1927 (52.6) 810 (38.5) 2477 (49.1) 260 (35.9)

Female 3029 (52.5) 1735 (47.4) 1294 (61.5) 2565 (50.9) 464 (64.1)

Age, mean (SD), year 58.30 (8.72) 58.02 (8.72) 58.78 (8.72) 0.002 57.44 (8.24) 64.25 (9.62) <0.001

Marital status, n (%) <0.001 <0.001

Married 5205 (90.3) 3362 (91.8) 1843 (87.6) 4628 (91.8) 577 (79.7)

Other 561 (9.7) 300 (8.2) 261 (12.4) 414 (8.2) 147 (20.3)

Residence, n (%) <0.001 <0.001

Urban 926 (16.1) 687 (18.8) 239 (11.4) 873 (17.3) 53 (7.3)

Rural 4840 (83.9) 2975 (81.2) 1865 (88.6) 4169 (82.7) 671 (92.7)

BMI, mean (SD), kg/m2 23.79 (3.85) 24.00 (3.84) 23.41 (3.85) <0.001 24.15 (4.05) 22.91 (4.25) <0.001

Blood pressure, mean (SD), mmHg

Systolic 129.14 (21.36) 129.51 (21.10) 128.49 (21.80) 0.081 128.44 (20.96) 133.98 (23.43) <0.001

Diastolic 75.54 (12.37) 75.85 (12.20) 75.00 (12.65) 0.012 75.55 (12.37) 75.45 (12.38) 0.835

Nighttime sleep, n (%) <0.001 <0.001

Sleepless (< 6 hours) 1644 (28.5) 731 (20.0) 913 (43.4) 1384 (27.4) 260 (35.9)

Normal (6~8 hours) 3678 (63.8) 2630 (71.8) 1048 (49.8) 3298 (65.4) 380 (52.5)

Oversleep (> 8 hours) 444 (7.7) 301 (8.2) 143 (6.8) 360 (7.1) 84 (11.6)

Smoking status, n (%) <0.001 0.034

Never 3496 (60.6) 2131 (58.2) 1365 (64.9) 3025 (60.0) 471 (65.1)

Current 1767 (30.6) 1199 (32.7) 568 (27.0) 1570 (31.1) 197 (27.2)

Previous 503 (8.7) 332 (9.1) 171 (8.1) 447 (8.9) 56 (7.7)

Drinking status, n (%) <0.001 <0.001

Never 3376 (58.6) 2081 (56.8) 1295 (61.5) 2889 (57.3) 487 (67.3)

Current 1920 (33.3) 1338 (36.5) 582 (27.7) 1757 (34.8) 163 (22.5)

Previous 470 (8.2) 243 (6.6) 227 (10.8) 396 (7.9) 74 (10.2)

Blood indicators in 2011, mean (SD)

HbA1c, % 5.26 (0.79) 5.25 (0.76) 5.28 (0.84) 0.213 5.25 (0.77) 5.30 (0.91) 0.149

(Continued)
fro
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creatinine, and eGFR, and higher levels of HDL-C than those

without depression at baseline. They were also more likely to be

female, rural residents, with diseases such as hypertension,

dyslipidemia, stroke, diabetes or blood glucose abnormalities and

treated with long-term antihypertensive drugs, lipid-lowering

drugs, or hypoglycemic drugs, and less likely to be drinkers or

abstainers, smokers or quit-smoking, and those who slept too much

at night (all p < 0.05). In addition, participants suffered from

depression at baseline in 2011 had generally lower cognitive

scores at follow-up in 2015.

To provide a more comprehensive baseline characteristic

understanding, Table 1 also shows the baseline characteristics

according to new-onset MCI at follow-up. Participants who

developed new MCI were predominantly older, married rural

women. They exhibited lower BMI and eGFR, along with higher
Frontiers in Psychiatry 06
systolic blood pressure and HDL-C, and a history of hypertension at

baseline. Furthermore, individuals who developed MCI had

markedly higher baseline depression scores.
3.2 Depressive status and the risk of
incident MCI

Table 2 shows the association between depressive status and

MCI risk. Based on the depression score at baseline, we divided

participants into depression and non-depression groups, with a

total of 334 patients with MCI identified in the depression group

and 390 patients in the non-depression group at follow-up. In the

crude model without covariate adjustment, participants with

depression had a 58% higher risk of developing MCI than those
TABLE 1 Continued

Characteristic
Overall

Depression at baseline
in 2011 P

value※

New-onset MCI at follow-
up in 2015 P

value※
n = 5766

No
(n = 3662)

Yes
(n = 2104)

No
(n = 5042) Yes (n = 724)

Blood indicators in 2011, mean (SD)

FBG, mg/dl 109.82 (35.59) 109.72 (34.52) 110.01 (37.37) 0.761 109.56 (34.51) 111.68 (42.30) 0.134

TG, median [IQR], mg/dl
106.20
[75.22, 156.65]

107.08
[76.11, 158.41]

104.43
[74.34, 152.22]

0.041*
107.08
[75.22, 157.53]

102.66
[75.00, 146.02]

0.046*

TC, mg/dl 193.17 (38.23) 192.95 (38.89) 193.55 (37.06) 0.565 192.97 (37.55) 194.55 (42.66) 0.301

HDL-C, mg/dl 50.64 (15.16) 49.95 (14.92) 51.85 (15.50) <0.001 50.46 (15.18) 51.92 (14.95) 0.015

LDL-C, mg/dl 115.97 (34.45) 115.85 (34.97) 116.16 (33.54) 0.743 115.88 (34.29) 116.58 (35.61) 0.61

Creatinine, mg/dl 0.78 (0.19) 0.79 (0.19) 0.75 (0.18) <0.001 0.78 (0.18) 0.77 (0.21) 0.132

eGFR, ml/min/1.73 m2 59.66 (31.10) 62.13 (30.91) 55.35 (30.96) <0.001 60.95 (30.41) 50.66 (34.24) <0.001

History of comorbidities, n (%)

Hypertension 1496 (25.9) 878 (24.0) 618 (29.4) <0.001 1278 (25.3) 218 (30.1) 0.007

Dyslipidemia 587 (10.2) 343 (9.4) 244 (11.6) 0.008 537 (10.7) 50 (6.9) 0.002

Diabetes or Hyperglycemia 349 (6.1) 202 (5.5) 147 (7.0) 0.028 304 (6.0) 45 (6.2) 0.910

Stroke 110 (1.9) 51 (1.4) 59 (2.8) <0.001 99 (2.0) 11 (1.5) 0.502

History of medication use, n (%)

Hypertension drugs 1133 (19.6) 655 (17.9) 478 (22.7) <0.001 970 (19.2) 163 (22.5) 0.043

Dyslipidemia drugs 327 (5.7) 183 (5.0) 144 (6.8) 0.004 294 (5.8) 33 (4.6) 0.194

Diabetes drugs 345 (6.0) 194 (5.3) 151 (7.2) 0.005 312 (6.2) 33 (4.6) 0.100

Depression and cognitive scores

CES-D score in 2011, median
[IQR] a 7.00 [3.00, 12.00] 4.00 [2.00, 7.00]

14.00
[11.00, 18.00] <0.001*

7.00 [3.00, 12.00] 9.00 [5.00, 14.00] <0.001*

Cognitive score in 2015, median
[IQR] b

14.00
[10.00, 18.00]

15.00
[11.00, 18.00] 13.00 [9.00, 17.00] <0.001*

15.00
[12.00, 18.00]

4.00 [2.00, 5.00] <0.001*
fro
※ P value calculated using Pearson c2 test or independent samples Student’s t-test where appropriate. * P value calculated using Mann-Whitney U test. The eGFR calculated using modification
formula of diet in renal disease. a The CES-D score was assessed at baseline to identify participants with depression. b The cognitive score was assessed at follow-up to identify new-onset MCI
cases. MCI, mild cognitive impairment; BMI, body mass index; HbA1c, glycated hemoglobin; FBG, fast blood glucose; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated glomerular filtration ratio; CES-D, Center for Epidemiologic Studies Depression Scale; SD, standard deviation; IQR,
interquartile range.
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without depression (OR = 1.58, 95%CI: 1.35-1.85). This association

was slightly weakened in Model 1, which adjusted for sociological

characteristics of the population and some health-related factors

(OR = 1.24, 95%CI: 1.04-1.48). After further adjustment of baseline

serum indicators, comorbidities, and medication use, there was no

change in the estimated relative risk of MCI.

To further explore the dose-response relationship between

depression symptoms and MCI risk, we divided participants into

three groups according to depression scores: 0~10 (without obvious

depression symptoms), 11~20 (with mild depression symptoms), and

21~30 (with moderate to severe depression symptoms), and compared

the risk of MCI in each group (Table 2). We found that in the crude

model, participants with mild and moderate to severe depression

symptoms had a 56% (OR = 1.56, 95%CI: 1.31-1.85) and 85%

(OR = 1.85, 95%CI: 1.35-2.48) higher risk of MCI compared to

participants without obvious depression symptoms, and there was a

statistically significant difference in the increase of MCI risk as

depression symptoms increased (p for trend < 0.001). After adjusting

for all covariates (Model 2), the increase in MCI risk decreased, with a

22% increase for participants with mild depression symptoms and 37%

for participants with moderate to severe depression symptoms, and the

risk still showed a gradual increase trend (p for trend = 0.013).

Moreover, we performed a regression analysis of depression score as

a continuous variable and found that each 1-point increase in

depression score was associated with a 3% increase in MCI risk (OR

= 1.03, 95%CI: 1.01 to 1.04). In addition, we also explored a potential

nonlinear relationship between depression score andMCI risk using an

RCS analysis (Figure 2), which showed a nonlinear association (p for

non-linearity = 0.001). Specifically, the risk of MCI increased with an

increase in depression score, and the risk increased more rapidly before

the median score (7 points) andmore slowly after themedian score. All

the above results indicate that depression increases the risk ofMCI, and

the more severe depression symptoms, the higher the risk of MCI.
Frontiers in Psychiatry 07
3.3 Subgroup analysis

We explored the interaction effect of certain confounders in the

association of depression and MCI risk through subgroup analyses

(Figure 3). We found that MCI risk did not differ by gender, age,

marital status, place of residence, BMI, nighttime sleep duration,

smoking status, alcohol drinking status, and serum levels of HbA1c,

FBG, TG, HDL-C, LDL-C, and eGFR, as well as in comorbidities

(i.e., hypertension, dyslipidemia, diabetes/hyperglycemia, and

stroke) (all p for interaction > 0.05), but by high or low serum

TC levels (p for interaction = 0.008). Specifically, depression was

associated with a 66% increased risk of MCI in participants with

lower serum TC levels (OR = 1.66, 95%CI: 1.29-2.13), but not

significantly in participants with higher TC levels (OR = 0.94, 95%

CI: 0.72-1.21).
4 Discussion

To our knowledge, this study is the first prospective study to use

nationally representative data to examine the association of

depressive status with MCI risk in middle-aged and elderly

Chinese adults from CHARLS study. We analyzed potential linear

and nonlinear associations between the two, and found that baseline

depression was independent risk factor for new-onset MCI, and

individuals with more severe depression symptoms were more

likely to suffer from MCI. This finding implies that early

depression screening based on 10-item CESD and timely

intervention of positive individuals may be an effective way to

prevent MCI, and focused screening of MCI symptoms in

individuals with depression is an effective way to achieve early

diagnosis and treatment of MCI.
TABLE 2 Associations of depressive status with mild cognitive impairment.

Depressive status No. of new-onset MCI / totals
Risk of MCI (OR and 95% CI)

Crude model Adjusted model 1※ Adjusted model 2*

Depression

No 390 / 3662 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Yes 334 / 2104 1.58 (1.35-1.85) 1.24 (1.04-1.48) 1.24 (1.04-1.48)

Score of CES-D

0~10 a 426 / 3939 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

11~20 b 240 / 1510 1.56 (1.31-1.85) 1.21 (1.01-1.47) 1.22 (1.01-1.47)

21~30 c 58 / 317 1.85 (1.35-2.48) 1.36 (0.97-1.88) 1.37 (0.98-1.90)

P for trend – <0.001 0.014 0.013

OR (continuous) 724 / 5766 1.04 (1.03-1.06) 1.03 (1.01-1.04) 1.03 (1.01-1.04)
※ Age, sex, marital status, residence, blood pressure, BMI, nighttime sleep, smoking status, and drinking status were adjusted in model 1. * HbA1c, FBG, TG, TC, HDL_C, LDL_C, eGFR, history
of hypertension, dyslipidemia, diabetes or hyperglycemia, and stroke, and medication history of hypertension, dyslipidemia, and diabetes were further adjusted in model 2. a Representing
participant without obvious depression symptoms. b Representing participant with mild depression symptoms. c Representing participant with moderate to severe depression symptoms. MCI,
mild cognitive impairment; OR, odds ratio; CI, confidence interval; CES-D, Center for Epidemiologic Studies Depression Scale; BMI, body mass index; HbA1c, glycated hemoglobin; FBG, fast
blood glucose; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated glomerular filtration ratio.
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The overall cognitive function assessment encompasses multiple

cognitive domains, providing a comprehensive understanding of the

examinee’s cognitive status and characteristics. The Mini-Mental State

Examination (MMSE) and the Montreal Cognitive Assessment

(MoCA) are commonly used tools for cognitive evaluation in clinical

settings. The MMSE is one of the most widely utilized cognitive

assessment scales, covering domains such as orientation, memory,

attention, calculation, language use, and visuospatial skills. A meta-

analysis indicated that the sensitivity of the MMSE for screening

cognitive impairment in primary care settings was 0.64, with a

specificity of 0.80. The area under the receiver operating

characteristic curve (AUC) for distinguishing normal cognition from

MCI in the elderly ranged from 0.43 to 0.94, while the AUC for

detecting AD ranged from 0.67 to 0.99 (26), suggesting that the MMSE

is suitable for large-scale screening of dementia patients, though it has

limitations in differentiating between normal cognition and MCI, as

well as between MCI and dementia. In contrast, the MoCA

encompasses a broader range of cognitive domains, including

memory, language, attention, abstract thinking, orientation,

visuospatial skills, and executive function. A meta-analysis showed

that the AUC for the MoCA in distinguishing normal cognition from

MCI was between 0.71 and 0.99, and between 0.87 and 0.99 for

detecting AD (26), indicating that the MoCA is more sensitive than the

MMSE for screening MCI and effectively detecting cognitive

heterogeneity (27). In this study, we assessed cognitive function

using TICS-m method, employing the AACD criteria for diagnosing

MCI. The original TICS based on the MMSE included 11 items

covering orientation, memory, calculation, attention, language,

repetition, general knowledge, and abstract thinking, with a

maximum score of 40 (28). Gallo and Breitner later revised the

initial version, expanding it to TICS-m with 21 items and a total

score of 50, which includes additional tasks such as word delayed recall

and tapping a telephone five times (29). A large-scale telephone

screening of 12,709 elderly twins using TICS-m demonstrated a
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sensitivity of 99% and a specificity of 86%, making it more suitable

for early detection of cognitive impairment compared to the original

TICS. Studies comparing the screening capabilities of TICS-m, MMSE,

and MoCA for MCI and AD have shown that TICS and TICS-m

possess comparable reliability and validity to both MMSE and MoCA

in screening elderly individuals for cognitive impairment (30–32).

Consequently, this study opted for the TICS-m method,

incorporating the delayed word recall component. Notably, due to

the limitations of the original CHARLS questionnaire, our assessment

did not fully align with TICS-m but focused on evaluating memory,

orientation, calculation, and drawing, resulting in a cognitive score

ranging from 0 to 31 to represent overall cognitive function. Although

this may affect the accuracy of MCI diagnosis, its effectiveness and

feasibility have been well established in multiple studies (21, 22).

Research evidence on depression and MCI is limited, and

previous studies have focused on associations between depression

and cognitive impairment or dementia. Depression and cognitive

impairment often coexist in older adults, and the relationship

between the two is extremely complex (33). Cognitive impairment

is a core feature of depression (34), while depression, anxiety, and

apathy are common in MCI and are potential risk factors for

cognitive decline and dementia (35). González Hernández et al.

(36) explored in depth the question of whether depression is a

priority over the emergence of MCI as a risk factor for AD through

a comprehensive literature review. They found that depression was

a risk factor for AD, but not a predictor of AD disease progression,

and that its association with AD was significantly enhanced when

depressive symptoms were combined with MCI. Our prospective

study provides further evidence that depression and MCI may not

occur at the same time, and that pre-existing depression increases

the risk of subsequent MCI, which in turn develops into a comorbid

status of depression and MCI.

Notably, the results of the subgroup analysis showed that the

positive association between depression and MCI risk was
FIGURE 2

Restricted cubic spline curve for depression score and the risk of mild cognitive impairment. The number of knots for restricted spline analysis was
set to 4, at 5%, 35%, 65%, and 95%, respectively, the reference value was set to the median, and covariates including sex, marital status, residence,
blood pressure, BMI, nighttime sleep, smoking status, drinking status, HbA1c, FBG, TG, TC, HDL-C, LDL-C, eGFR, history of hypertension,
dyslipidemia, diabetes or hyperglycemia, and stroke, and medication history of hypertension, dyslipidemia, and diabetes were adjusted. OR, odds
ratio; CI, confidence interval; CES-D, Center for Epidemiologic Studies Depression Scale; BMI, body mass index; HbA1c, glycated hemoglobin; FBG,
fast blood glucose; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
eGFR, estimated glomerular filtration ratio.
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significant in participants with lower serum TC levels, but not in the

higher participants. The relationship between serum TC level and

the risks of depression and cognitive impairment is currently highly

controversial. There is evidence linking high TC levels to high

morbidity and poor prognosis of depression and cognitive

impairment (37–39), although the conclusions of these studies are

mostly based on cross-sectional data. However, there have also been

studies that have reported a positive association between low serum
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cholesterol level and the risks of depression and cognitive

impairment. The results of a large longitudinal study by Partonen

et al. (40) showed that low serum TC level was associated with

depressed mood and could be used to predict severe outcomes such

as major depression and suicide. In addition, Park et al. (41) found

that persistently low or elevated total cholesterol levels during

adolescence may increase the risk of depressive symptoms in

early adulthood, while Cepeda et al. (42) and Zhang et al. (43)
FIGURE 3

Subgroup analyses of depression and the risk of mild cognitive impairment. Estimated effects were based on the adjusted Logistics regression model
adjusting for sex, marital status, residence, blood pressure, BMI, nighttime sleep, smoking status, drinking status, HbA1c, FBG, TG, TC, HDL-C, LDL-C,
eGFR, history of hypertension, dyslipidemia, diabetes or hyperglycemia, and stroke, and medication history of hypertension, dyslipidemia, and
diabetes were adjusted. The ORs and 95%CIs for mild cognitive impairment in the depression group were compared with the non-depression group
(as a reference). For each interaction, we included an interaction term in the logistic regression model, and the P value for interaction was calculated
using likelihood ratio test, with a value less than 0.05 considered to be an interaction effect. * The overall p value for a multi-categorical variable
reflects the overall interaction effect of the variable, and a value ≥ 0.05 indicates that there is insufficient evidence for a significant interaction. MCI,
mild cognitive impairment; OR, odds ratio; CI, confidence interval; BMI, body mass index; HbA1c, glycated hemoglobin; FBG, fast blood glucose; TG,
triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated
glomerular filtration ratio.
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showed that low cholesterol levels and cholesterol types were not

associated with depression. Similarly, one study from South Korea

(44) showed that high TC level was not associated with an increased

risk of depression, but significantly associated with cognitive

impairment. Therefore, the effect of serum TC level on the risks

of depression and cognitive impairment deserves further validation

in high-quality prospective and experimental studies.

There are some strengths to this study. First, the study data were

drawn from a nationally representative general population with large

sample size, providing prospective evidence for a hypothetical

association between depressive status and MCI. Second, we

comprehensively explored the effect of depressive status on MCI risk,

with the logistics regression model showing a linear positive

association, and the RCS curve showing a nonlinear association.

Third, we tried to control for potential confounding factors such as

sociological characteristics and health-related factors as much as

possible in the data analysis process, and we conducted a series of

subgroup analyses to improve the reliability of the results. Finally, and

most importantly, our research has important practical implications.

We provide prospective evidence that depression increases the risk of

MCI, which means that individuals with depression should be the

priority population for MCI screening to improve the effectiveness of

screening and achieve early diagnosis and management. Meanwhile,

depression screening for middle-aged and elderly individuals is

essential, as early intervention can significantly alleviate depressive

symptoms, thereby reducing the occurrence of MCI. There is sufficient

evidence to support that interventions such as drug treatment (45, 46),

changes of lifestyle (47–51) (e.g., healthy dietary patterns, alcohol

restriction, smoking cessation, physical activity, weight control,

nutrient supplementation, etc.), management of chronic diseases

(4, 51–54) (e.g., diabetes, hypertension, dyslipidemia, etc.), and

improvement of intestinal flora (55–57) may improve cognitive

dysfunction and reduce the transition from MCI to AD.

However, there are serval limitations that cannot be ignored.

First, due to the data availability of CHARLS, all our analyses relied

on data from only two time points (2011 and 2015), which

obviously limited the ability to observe the dynamic changes in

depressive status and their relationship with MCI over time. In

other words, this study cannot fully confirm the potential causal

relationship between baseline depressive status and new-onset MCI.

Second, although we adjusted for many potential confounding

factors for MCI according to previous research, interference with

residual confounders, such as diet, physical activity, etc., could not

be ruled out. Third, assessment of depressive status in this study

were based on the self-reported 10-item CESD questionnaire, which

inevitably had recall bias. Fourth, this study is aimed at the middle-

aged and elderly population in China, and the generalization of the

results in other regions may be limited, and future studies need to

validate our conclusions in a more diverse population. Meanwhile,

study population had potential selection bias, only 32.56% (5,766/

17,708) of the total CHARLS population were included in the final

analysis, and the prevalence of baseline depression in this study was

notably higher than that in the general population. While the data

originates from a nationally representative cohort, the exclusion

criteria and resultant sample characteristics limited the
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generalizability of the findings. Fifth, the CHARLS follow-up data

used in this study were collected centrally in 2015, and MCI was

diagnosed centrally through the follow-up data. Due to the lack of a

specific time to onset of MCI, we used a logistics regression model

rather than a COX regression model. Sixth, we assessed cognitive

function using the TICS-m method, which was standardized for

people aged 60~98 years, which may lead to a lower reliability of

MCI assessment. Finally, although the evidence for association in

prospective studies is stronger than that in cross-sectional studies,

there is a lack of clear biological mechanisms, so we are still unable

to establish a causal association between depressive status and MCI,

and further experimental studies are needed to confirm this.
5 Conclusion

In conclusion, we found that depression was an independent

risk factor for MCI in the middle-aged and elderly Chinese adults

from CHARLS study, and as depressive symptoms worsen, the risk

of MCI gradually increased, providing an evidence basis for the

primary prevention of MCI. Early depression screening based on

10-item CESD in community nursing services may help identify

individuals at high risk of MCI, and further positive psychological

and lifestyle interventions for middle-aged and elderly individuals

with depression may reduce the incidence of MCI. Meanwhile,

focused screening of MCI symptoms in individuals with depression

may help increase the detection rate of MCI, promote early

diagnosis and treatment, and reduce the transition from MCI to

AD. Of course, our findings need to be further validated in more

large prospective cohorts, randomized controlled trials, and

experimental studies.
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