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Background: Chronic comorbidities are often associated with higher risks of 
depression and mortality. This study aims to explore the relationships between 
the Charlson Comorbidity Index (CCI) and depression, and their combined 
effect on mortality.

Methods: This study made use of data gathered in the National Health and 
Nutrition Examination Survey (NHANES) from 2007 to 2018, including a 
collective of 23,927 adult participants. According to CCI score distribution, 
CCI was categorized into three groups (T1 with CCI = 0; T2 with CCI = 1; T3 
with CCI ≥ 2). In the CCI ≥ 2 group, patients may have two or more chronic 
diseases. Multivariable logistic regression models were employed to explore 
the relationship between CCI and depression. The study utilized the Cox 
proportional hazards model to investigate the association between CCI, the 
combination of CCI and depression, and all-cause mortality.

Results: Our analysis revealed that after adjusting for potential confounders, 
a positive association was found between CCI and depression (OR  =  1.25, 95% 
CI: 1.21, 1.29). Moreover, a greater CCI was found to be closely linked to higher 
mortality in individuals with depression (HR  =  1.14, 95% CI 1.11, 1.18). Stratifying 
CCI into tertiles, higher tertiles of CCI (T2, T3 vs T1) also showed positive 
associations with depression and all-cause mortality. For patients with CCI ≥2 
(T3) combined with depression, the risk of mortality was significantly elevated 
compared to those with CCI  =  0 (T1) and non-depressed participants (HR  =  2.01, 
95% CI: 1.60, 2.52).

Conclusion: The study findings demonstrate a positive correlation between CCI 
and the risk of depression, along with an association with increased all-cause 
mortality among depression patients. Hence, it is important to prioritize the 
clinical care of patients with a high CCI (≥2) and depression in order to lower 
the chances of mortality.
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Introduction

With the exacerbation of population aging, the incidence of 
chronic diseases is gradually increasing, rendering multimorbidity a 
burgeoning public health concern (1). Multimorbidity exacts a 
substantial toll on the global economy and healthcare systems (2). In 
1984, the Charlson Comorbidity Index (CCI) was first used in a 
cohort study of 685 breast cancer patients to predict 1-year mortality 
(3). It stands as the preeminent tool for quantifying comorbidities and 
assessing individuals’ 10-year mortality risk (4). Previous research 
reports have demonstrated the utility of CCI in predicting the risk of 
mortality, disability, and even hospitalization (5).

The CCI covers a range of long-term illnesses such as cancer, heart 
failure, kidney disease, stroke, intensive care, liver disease, and 
diabetes, among others (6–12). Chronic illnesses like diabetes and 
heart diseases are slowly increasing in frequency (8, 12, 13). 
Nevertheless, these persistent illnesses also play a role in the 
development and advancement of specific mental health conditions.

Studies across different medical and psychiatric settings indicate 
a high prevalence of depression among diabetes mellitus (DM) 
patients (14). Depression, a common mood disorder (15), is prevalent 
among adult patients diagnosed with type 1 and type 2 DM (16, 17). 
Depression tends to persist in DM patients and is associated with 
increased disability, decreased quality of life (18), increased somatic 
symptoms (19), increased healthcare costs, and even increased risk of 
mortality (20). Similarly, studies have shown an increasing prevalence 
of depression among patients with chronic kidney disease (CKD), 
especially among those on long-term dialysis (7).

Depression is also associated with an elevated risk of physical 
health conditions. Depression complicates optimal management of 
cardiovascular disease (CVD) by worsening cardiovascular risk 
factors and decreasing adherence to healthy lifestyles and evidence-
based medical treatments (21). The screening for depression is a useful 
and effective way to understand an individual’s CVD risk profile (22). 
Depressive symptoms are associated with poor walking performance 
in chronic obstructive pulmonary disease (COPD) patients, screening 
and management of depression may be one of the important aspects 
of care for COPD patients (23). Major depression is an independent 
risk factor for heart failure in HIV+ adults (15). Depression is linked 
to increased frailty and a higher risk of all-cause mortality (24). More 
chronic diseases were linked to higher psychological distress, 
especially in women (25). Patients with type 2 DM have higher 
depression and lower quality of life due to higher blood glucose and 
aging (26).

Chronic diseases like DM, CKD, COPD, and CVD often lead to 
psychological conditions, particularly depression, with the risk of 
psychological distress rising as the number of chronic diseases 
increases (21, 23, 25–27). Since both chronic disease and depression 
lead to increased poor prognosis (21, 24), It is important for patients 
with multiple chronic diseases to be screened for depression (21, 22).

Depression is prominent in people with multiple chronic diseases 
(28, 29). Patients with multimorbidity may not be able to respond 
effectively to disease risk factors, thereby increasing the risk of 
depression (30). Moreover, an increase in the number of chronic 
illnesses may be  associated with an increased risk of depression, 
especially in women (25). The CCI serves as a robust predictor of 
short-term mortality due to venous thromboembolism (31), 
prognostic outcomes in older patients with cancer (32), and the 

likelihood of unplanned readmission within 30 days for patients aged 
>65 (33). CCI is also associated with dementia, polypharmacy, frailty, 
low walking speed and low muscle strength (34). Both multimorbidity 
or high CCI, and depression may lead to poor prognosis (4, 5, 24, 
33, 35).

However, limited research exists on the relationship between CCI 
and depression, and how they together affect mortality. Our study 
aims to examine the correlation between CCI and individuals 
suffering from depression by analyzing data from the NHANES 
database, as well as to investigate the link between CCI, depression, 
and all-cause mortality.

Methods

Study population

NHANES uses a sophisticated sampling method (stratified, 
multistage, clustered probability sampling) to evaluate the health of 
the non-institutionalized civilian population in the United  States, 
reflecting the entire country, carried out by NCHS. NHANES collects 
extensive data, including demographics, physical examination 
findings, laboratory results, and various disease-related questionnaire 
surveys. Approval for the survey was granted by the Institutional 
Review Board at the National Center for Health Statistics. Additionally, 
all participants provide written informed consent voluntarily before 
being enrolled in the study. For more information about NHANES, 
please visit: https://www.cdc.gov/nchs/nhanes/index.htm.

Our study included a total of 34,770 American adults aged 20 and 
above during the NHANES survey cycles from 2007 to 2018. After 
excluding pregnant women, individuals with missing depression data, 
relevant covariates, and those lost to follow-up, the final sample size 
was 23,927.

Assessment of CCI

The CCI score, derived from the comorbidity items, is a sum score 
that can be used to assess the overall health status of participants (4). 
Our study’s CCI assessment focused on chronic conditions listed in 
NHANES medical conditions, excluding psychiatric status. Specific 
assessments of CCI disease items are detailed in 
Supplementary Table S1.

In NHANES, we defined diagnosed diseases using the Medical 
Conditions Questionnaire (MCQ). For questions such as “Have 
you ever been told by a doctor that you have disease?,” participants 
answering affirmatively were considered to have the respective disease. 
Consistent with the definition of CCI disease items, we assigned scores 
to reported diseases, while those not included in the items were 
assigned a value of zero (36), as detailed in Supplementary Table S2.

Assessment of depression status

The 9-item Patient Health Questionnaire (PHQ-9) was utilized to 
evaluate symptoms of depression. The depression status was examined, 
with a cut-off point of 10 or higher on the PHQ-9 scoring criteria 
(sensitivity and specificity for depression were 88% each) (37).
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Follow up and endpoint

Participant survival status and reasons for death were determined 
by cross-referencing their information with the National Death Index 
public records up to December 31, 2019. For details, please see the 
official website.1 The median duration of observation for individuals 
without depression was 82 months (interquartile range 50–119), while 
for those with depression, it was 83 months (interquartile range 
51–121), for the overall participants is 82 (interquartile range 
50–119) months.

Covariate

We selected covariates based on considerations of common 
demographic parameters and clinical experience. The variables 
analyzed in the study included age, gender, ethnicity, BMI, PIR, 
marital status, educational background, smoking habits, drinking 
habits, exercise, cholesterol levels, and hypertension.

Participants provided self-reported information on their age 
(≥20), gender (male and female), and race (Non-hisp. White, 
Non-hisp. Black, Mexican American, Other Race), marital status 
(Married/living with partner, Single/divorced/widowed), education 
level (High school or lower, College or higher), poverty to income 
ratio (PIR), smoking habits (Never, Former, Current), and alcohol 
intake (Never, Former, Light, Moderate, Heavy). The calculation of 
body mass index (BMI) involved dividing the weight (in kilograms) 
by the square of the height (in meters). Physical activity levels were 
determined using a questionnaire focusing on leisure-time activities, 
with individuals who engaged in at least 300 min per week of moderate 
activity, 150 min per week of vigorous activity, or a combination of 
both considered to be  active. Total cholesterol was measured via 
plasma or serum assays. Hypertension was characterized by having a 
systolic blood pressure (SBP) of at least 140 mmHg, a diastolic blood 
pressure (DBP) of at least 90 mmHg, or taking antihypertensive  
medication.

Statistical analysis

This study examined the characteristics of American adults based 
on depression status. Sampling weights were utilized in all analyses to 
ensure unbiased estimates in the complex NHANES design, with 
Taylor series (linearization) used for estimating standard errors (SE). 
Continuous variables were reported as mean (±SE) and compared 
using t-tests or Wilcoxon rank-sum tests depending on the normality 
test results. Categorical variables were displayed as frequencies with 
weighted percentages and then analyzed using chi-square tests.

Logistic regression was used to determine the odds ratios (ORs) 
and 95% confidence intervals (CIs) for the association between CCI 
and depression, with adjustments for covariates. Cox proportional 
hazards models were used to determine the hazard ratios (HRs) and 
their 95% CIs in order to investigate the relationship between 

1 https://ftp.cdc.gov/pub/Health_Statistics/NCHS/datalinkage/

linked_mortality/

combined CCI, tertiles of CCI, and depression with all-cause 
mortality. Based on CCI definition, NHANES medical conditions, and 
CCI score distribution, CCI was divided into tertiles (T1 = 0, T2 = 1, 
T3 ≥ 2). The crude model was univariable analysis, while Model I was 
adjusted for age, gender, race, and BMI. Model II was additionally 
adjusted for all variables in Model I as well as additional covariates 
such as PIR, education, marital status, smoking, alcohol consumption, 
physical activity, hypertension, and TC. Due to the overdispersion 
between depressed and non-depressed groups, we used depression 
count by negative binomial model for sensitivity analyses 
(Supplementary Table S3). In addition, considering the large 
population excluded from the study, we also performed sensitivity 
analyses for excluded adult participants with CCI assessment 
(N = 10,840). Analyses included frequency distributions of CCI in 
excluded participants (Supplementary Figure S1), univariable logistic 
regression on association of CCI with depression 
(Supplementary Table S4), and univariable Cox proportional hazards 
regression on association of CCI with mortality 
(Supplementary Table S5).

To detect possible non-linear relationships, we applied restricted 
cubic spline (RCS) with 4 knots (5, 35, 65, and 95%) set to explore the 
relationship of CCI (continuous variable) with depression and 
mortality. Use Kaplan–Meier method to estimate the tertiles of CCI, 
as well as CCI and depression status with cumulative survival 
probability, and compare them using log-rank test. A p-value less than 
0.05, indicating statistical significance. All analyses were conducted 
using R (version 4.2.1).

Results

Study participants and baseline 
characteristics

The study involved 23,927 American individuals aged 20 years and 
above, among whom 2,146 were identified as having depression 
(Figure 1 and Table 1). Participants had an average age of 47.36 years, 
with males making up  49.52% of the group (n = 11,956), and an 
average CCI score (continuous) of 0.96. Individuals with depression 
were significantly more likely to be  female, divorced, single, or 
widowed, have a high BMI, high DBP, lower education level, current 
smokers, and high total cholesterol levels compared to those 
without depression.

The correlation of CCI with depression

Logistic regression analysis was used to investigate the correlation 
between CCI score and depression, with adjustments for covariates as 
shown in Table 2. Upon analyzing the CCI score as a continuous 
factor, the adjusted OR for depression was determined to be 1.25 (95% 
CI 1.21, 1.29). In the analysis of CCI scores grouped into tertiles, 
individuals in the T2 and T3 categories had a notably higher odds of 
experiencing depression when compared to those in the lowest T1 
category in the basic model, indicating a positive correlation between 
depression risk and higher CCI score tertiles T2 and T3.This pattern 
persisted after adjusting for age, gender, race, and BMI in Model 1.In 
the second model, even after accounting for all factors in the first 
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model and additional covariates, the correlation between CCI score 
tertiles T2 and T3 in comparison to T1 persisted, showing a substantial 
increase in the likelihood of depression at T3 compared to T1, with an 
odds ratio of 2.26 and a 95% CI of 1.98–2.57.

In negative binomial model, holding other variables constant, for 
every 1 increase in CCI, the expected change in depression was 1.21 
(RR = 1.21, p < 0.0001). In the logistic regression part, the expected 
change in depression was 1.25 (OR = 1.25, p < 0.0001) for every 1 
increase in CCI (Supplementary Table S3).

Moreover, CCI was non-linearly and positively associated with 
depression (P for overall <0.001, P for non-linear =0.001) (Figure 2A).

The correlation between CCI score and 
all-cause mortality

All participants were followed up until December 31, 2019. The 
median follow-up duration was 82 (50, 119) months for the 
non-depression group and 83 (51, 121) months for the depression 
group. In the frequency distribution of CCI scores (Figure  3), a 
gradual decrease in the number of participants was observed with 
increasing CCI scores. When the CCI was 0, the number of participant 
(n = 12,765) were notably higher than at other CCI scores. Analysis of 
Kaplan–Meier survival curves showed a notable link between elevated 
CCI scores and higher all-cause mortality in the entire study 
population (P-log rank <0.001) (Figure 4A).

Kaplan–Meier survival curve analysis indicated that the survival 
rates of those without depression and with CCI < 2 and those with 

depression and CCI < 2 were notably higher than those without 
depression and with CCI ≥ 2, and those with depression and CCI ≥ 2. 
This indicates that elevated CCI values are linked to higher rates of 
all-cause mortality. Additionally, the survival probability of individuals 
without depression and with CCI < 2 were significantly higher than 
those with depression and CCI < 2, indicating that depression similarly 
contributes to elevated all-cause mortality. Furthermore, among the 
other two groups (CCI ≥2), individuals with depression experienced 
higher all-cause mortality than those without depression during early 
survival days (Figure 4B).

Moreover, CCI was linearly and positively associated with 
mortality (P for overall <0.001, P for non-linear =0.1675) (Figure 2B).

In the three models, namely the crude model, Model 1, and Model 
2, Model 2 was adjusted for all variables and additional covariates 
from Model 1, showing consistent results with Model 1. The HRs for 
mortality in the higher CCI tertiles (T2, T3) were consistently greater 
than those in the lowest CCI tertile (T1). For instance, in Model 2, the 
HR for the T3 tertile was 1.73 (1.50, 2.00), significantly higher than 
that for the T1 tertile of CCI. In the combined grouping of depression 
and CCI tertiles, participants were primarily divided into six groups 
based on depression status and CCI scores: non-depression with 
CCI = 0 (T1), depression with CCI =0 (T1), non-depression with 
CCI =1 (T2), depression with CCI =1 (T2), non-depression  
with CCI ≥2 (T3), and depression with CCI ≥2 (T3). In Model 2, it 
showed a significant rise in all-cause mortality risk for participants 
with depression compared to those without depression, as well as a 
noticeable increase in all-cause mortality with higher CCI tertiles, 
with HRs and 95% CIs of 1.28 (0.76, 2.14), 1.28 (1.06, 1.55), 1.57 (1.08, 

FIGURE 1

Participants selection of the study.
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TABLE 1 Baseline characteristics of participants stratified by depression status.

Characteristics Overall Non-depression
PHQ9  <  10

Depression
PHQ9  ≥  10

P-value

Number of participants 23,927 21,781 2,146

Age 47.36(0.26) 47.44(0.28) 46.38(0.47) 0.05

Sex <0.0001

  Male 11,956(49.52) 11,164(50.63) 792(36.53)

  Female 11,971(50.48) 10,617(49.37) 1,354(63.47)

Race/Ethnicity <0.001

  Non-Hisp. Black 4,785(10.05) 4,347(9.86) 438(12.35)

  Non-Hisp. White 10,534(69.25) 9,585(69.58) 949(65.38)

  Mexican American 3,543(8.15) 3,237(8.21) 306(7.47)

  Other Race 5,065(12.55) 4,612(12.36) 453(14.80)

BMI (kg/m2) 29.14(0.09) 29.00(0.09) 30.78(0.23) <0.0001

SBP (mmHg) 121.70(0.20) 121.75(0.20) 121.14(0.51) 0.24

DBP (mmHg) 70.90(0.21) 70.88(0.22) 71.17(0.34) 0.41

PIR 3.05(0.04) 3.12(0.04) 2.15(0.07) <0.0001

Marital status <0.0001

  Married, living with partner 14,309(63.79) 13,353(65.16) 956(47.68)

  Single, divorced, or widowed 9,618(36.21) 8,428(34.84) 1,190(52.32)

Education <0.0001

  High school or below 10,842(37.09) 9,599(35.95) 1,243(50.47)

  College or above 13,085(62.91) 12,182(64.05) 903(49.53)

Smoke <0.0001

  Never 13,158(55.42) 12,305(56.89) 853(38.15)

  Former 5,845(25.10) 5,358(25.29) 487(22.81)

  Now 4,924(19.48) 4,118(17.82) 806(39.04)

Alcohol drinking <0.0001

  Never 3,245(10.23) 2,996(10.38) 249(8.45)

  Former 3,710(12.61) 3,248(12.05) 462(19.22)

  Mild 8,221(37.42) 7,670(38.22) 551(27.99)

  Moderate 3,789(17.94) 3,453(17.96) 336(17.72)

  Heavy 4,962(21.80) 4,414(21.39) 548(26.62)

(Continued)

https://doi.org/10.3389/fpubh.2024.1404270
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wang et al. 10.3389/fpubh.2024.1404270

Frontiers in Public Health 06 frontiersin.org

2.29), 1.72 (1.48, 1.99), and 2.01 (1.60, 2.52) for the 5 groups 
respectively, compared to group of non-depression with CCI = 0 (T1). 
It can be  assumed that depression can synergize with CCI to 
exacerbate poor prognosis (Table 3).

Sensitivity analyses for excluded adult 
participants

A large number of adult individuals were excluded from the study 
(34,770–23,927 = 10,843, Figure  1), of which N = 10,840 had CCI 
assessments. We plotted the frequency distribution of CCI for the 
excluded 10,840 samples and found that the distribution was similar 
to the 23,927 included in our study (Supplementary Figure S1).

In addition, we explored the association of CCI with depression 
and death in excluded participants. The univariable logistic regression 
analysis showed that each 1-score increase in CCI was significantly 
associated with a 26% increase in the risk of depression. CCI tertiles 
also showed a 2.91-fold increased risk of depression for CCI ≥ 2 (T3) 
versus CCI = 0 (T1), with an OR 95% CI of 2.91 (2.40, 3.53) 
(Supplementary Table S4). The univariable Cox proportional hazards 
regression indicated that a 1-score increase in CCI was associated with 
a significant 41% increase in the risk of all-cause mortality. It also 
showed 5.95 times increased risk of death for patients with CCI ≥ 2 
(T3) relative to CCI = 0 (T1), with a HR 95% CI of 5.95 (5.20, 6.81). 
When patients of CCI ≥ 2 with depression, the risk of mortality was 
7.23 times higher than that of CCI = 0 without depression, with an HR 
95% CI of 7.23 (5.22, 10.02) (Supplementary Table S5).

In summary, we performed sensitivity analyses on excluded adult 
participants and found results similar with those of the included 
study population.

Discussion

Our study used information from NHANES covering the years 
2007 to 2018 to explore the connection between CCI scores and the 
likelihood of depression, as well as the correlation between CCI scores 
and all-cause mortality in people with and without depression. The 
findings indicate a positive correlation between CCI scores and the 
prevalence of depression. Moreover, individuals with higher CCI 
scores (CCI ≥2) exhibit elevated all-cause mortality among those with 
depression. Our results underscore the importance of considering 
chronic disease comorbidity burden in assessing the risk and 
outcomes of depression.

The CCI is essential in clinical practice, commonly used to 
evaluate patients’ well-being and forecast their outcomes. One study 
demonstrated that CCI serves as a reliable tool aiding clinicians in 
assessing patients’ overall health status and predicting the risk of 
adverse events occurrence (3). The connection between different 
chronic diseases and depression has received considerable focus, such 
as hypertension, DM, heart disease, COPD, and more. These chronic 
diseases not only affect patients’ physical health but may also have 
negative implications for their mental well-being, increasing the risk 
of depression (38–41). A study found that hypertensive patients are 
more likely to experience depression than those without hypertension 
(38). Another study involving heart failure patients showed a higher 
likelihood of depression compared to those with normal cardiac T
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function (39). Furthermore, conditions like COPD and heart failure 
are closely associated with the occurrence of depression (40, 41). 
Nevertheless, there is a lack of extensive research on the correlation 
between CCI scores and depression. The CCI serves as a composite 
score for a variety of chronic diseases, so we systematically assessed 
the relationship between CCI scores and depression. The findings 
indicate a positive correlation between CCI scores and the depression.

Depression, a common emotional condition, is defined by long-
lasting feelings of unhappiness or a lack of enjoyment, frequently 
leading to difficulties in daily functioning (15, 42, 43). Globally, 
depression contributes to increasing disability and years of life lost 
annually even in young people (44). In the United  States, the 
prevalence of depression is around 5 to 10%, reaching up to 40 to 50% 
in certain healthcare or specialized settings (45). However, only half 

TABLE 2 Odds ratio (95% confidence intervals) for CCI associated with 
depression.

Odds ratio (95% CI)

Crude 
model

Model I Model II

CCI 1.24(1.21, 1.28) 1.33(1.29, 1.37) 1.25(1.21, 1.29)

Tertiles of CCI

  T1, CCI = 0 Ref Ref Ref

  T2, CCI = 1 1.60(1.37, 1.86) 1.93(1.63, 2.28) 1.57(1.33, 1.86)

  T3, CCI = [2, 12] 2.24(1.99, 2.53) 2.90(2.56, 3.29) 2.26(1.98, 2.57)

Crude model was univariable logistic regression model. Model I adjusted for age, sex, 
ethnicity and BMI. Model II adjusted for age, sex, ethnicity, BMI, PIR, education, marital 
status, smoke, alcohol drinking, physical activity, hypertension, and TC.

FIGURE 2

Restricted cubic spline plotting of CCI in relation to depression (A) and mortality (B). The results adjusted for age, sex, ethnicity, BMI, PIR, education, 
marital status, smoke, alcohol drinking, physical activity, hypertension, and TC.

FIGURE 3

Distribution of Carlson comorbidity index among participants in this study.
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FIGURE 4

Kaplan–Meier survival curves for all-cause mortality stratified by tertiles of CCI (A), and CCI/depression group (B).

of depression sufferers receive treatment (46). Furthermore, among 
patients with comorbid conditions such as DM or heart disease, 
treatment rates are even lower, contributing to higher mortality 
(17, 47).

An increase in the number of chronic diseases is associated with 
an increased risk of psychological distress, and women are more likely 
to experience psychological distress (25). Depression is prominent in 
people with multiple chronic diseases (28, 29). On one hand, patients 
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with chronic diseases often experience depression, sadness, and 
anxiety due to the ongoing effort required to manage their diseases 
and integrate them into daily life (48). On the other hand, Patients 
with multimorbidity often face depression that hinders daily activities 
and self-management. This also can make them less responsive to 
disease risk factors, potentially increasing their depression risk 
(30, 49).

Depression in hypertensive patients was associated with poor 
drug compliance, and this association increased with the severity of 
depression. Socioeconomic/demographic factors have independent 
effects on drug adherence, including gender, age, BMI, ethnicity, 
marital status, and health insurance (50). Improved adherence to 
antidepressants and antihypertensive medications improved 
depression outcomes and blood pressure control was observed in 
primary care patients (51). Depressive mood is an important factor 
contributing to low drug compliance in hemodialysis or kidney 
transplant recipients with end-stage renal disease (52). There is a 
strong association between depression and treatment non-compliance, 
and identifying sudden non-compliance may be a screening tool for 
depression (53). Depression exacerbates cardiovascular risk factors 
and reduces adherence to healthy lifestyle and evidence-based 
medical treatment, thereby complicating optimal management of 
CVD (21).

Our research results showed that patients with comorbid 
depression had a higher risk of all-cause mortality when their CCI 
scores were 2 or higher. Recent research has found that higher CCI 
scores are linked to poorer treatment adherence in patients with 
depression, indicating that individuals with depression tend to use 
fewer medical services compared to those without depression, even 
with similar CCI scores (54). This corroborates previous findings, as 
evidenced by a study involving 367 DM patients from two HMO 
primary care clinics in Washington, where patients with higher 
depressive symptoms were often less adherent to medication regimens 
(55). Similarly, in a 12-month longitudinal study of hypertensive 

patients, those with mild depression or anxiety showed inadequate 
adherence to antihypertensive treatment (56). Moreover, studies have 
demonstrated that depression adversely affects treatment adherence 
in chronic disease management (57). The mortality is higher in breast 
cancer or lung cancer patients with comorbid depression (58, 59). 
Adverse outcomes in cardiovascular disease patients such as coronary 
artery disease or heart failure are also increased when combined with 
depression (60, 61). Our research, in line with prior results, shows that 
individuals with higher CCI scores (CCI ≥ 2) have a greater likelihood 
of experiencing depression, and the risk of mortality rises for those 
with depression and high CCI scores. In summary, patients with 
chronic diseases and comorbid depression exhibit lower treatment 
adherence, implying a close association between high CCI values 
combined with depression and increased all-cause mortality.

Our study has several strengths. The study addresses the gap in 
research on the relationship between CCI, depression risk, and 
all-cause mortality, which has been limited. Previous studies were 
mostly limited to the association of single disease with depression or 
prognosis, and lack of knowledge gaps on the integrated score of 
various chronic diseases and depression and prognosis. CCI is 
appropriate tool to evaluate chronic disease. Notably, older populations 
often have multiple chronic conditions, such as DM, CVD, COPD, 
and depression, which can be  improved through integrated care, 
increased use of mental health services, reduced depression, and 
improved health function-related status (62). Clinical practice 
encountered a variety of chronic disease population can 
be  comprehensive screening of depression and assessment of 
prognosis risk. Secondly, NHANES implements rigorous quality 
assurance procedures and has a large representative sample, ensuring 
the validity of the data. Furthermore, we  accounted for pertinent 
variables in order to more accurately assess the association between 
CCI and the likelihood of experiencing depression and 
all-cause mortality.

Although our study is novel and comprehensive, it has some 
limitations. Firstly, it is an observational study, limiting our ability 
to draw causal inferences. Moreover, some potential complex 
confounders that cannot be  fully controlled may lead to certain 
biases in the results. Although we adjusted for most of the relevant 
confounding factors, residual or unknown confounding factors 
(e.g., differences in chronic disease drug use or dietary factors) 
could not be excluded. Moreover, the reliance on self-reports for 
most chronic diseases in NHANES may skew the CCI scores. 
Furthermore, according to CCI definition and NHANES medical 
condition questionnaire evaluation, CCI scores lack individual 
diseases with scores of 3 or above in NHANES. For diseases with 
CCI scores of 3 or above, for instance, disease like moderate or 
severe liver disease (scored 3) and AIDS/HIV (scored 6), NHANES 
lacks relevant information and could not be  confirmed. 
Nevertheless, this does not diminish our comprehension of the 
connection between CCI and the likelihood of depression and 
mortality, offering fresh perspectives and hints for predicting the 
outcomes of individuals with chronic illnesses coexisting 
with depression.

Conclusion

Our study found that elevated CCI scores were linked to higher 
chances of experiencing depression and mortality. In individuals 

TABLE 3 Associations of CCI, tertiles of CCI, and CCI/depression group 
with mortality by Cox proportional hazard regression models.

Hazard ratio (95% confidence 
intervals)

Crude 
model

Model I Model II

CCI 1.46(1.43, 1.49) 1.19(1.15, 1.22) 1.14(1.11, 1.18)

Tertiles of CCI

  T1, CCI = 0 Ref Ref Ref

  T2, CCI = 1 3.86(3.26, 4.56) 1.44(1.21, 1.72) 1.29(1.08, 1.54)

  T3, CCI = [2, 12] 6.62(5.63, 7.78) 2.04(1.75, 2.38) 1.73(1.50, 2.00)

CCI/depression group

  T1, depression (−) Ref Ref Ref

  T1, depression (+) 1.20(0.73, 1.99) 1.93(1.15, 3.24) 1.28(0.76, 2.14)

  T2, depression (−) 3.86(3.24, 4.59) 1.41(1.17, 1.69) 1.28(1.06, 1.55)

  T2, depression (+) 4.30(3.05, 6.08) 2.59(1.81, 3.70) 1.57(1.08, 2.29)

  T3, depression (−) 6.65(5.62, 7.88) 1.97(1.68, 2.31) 1.72(1.48, 1.99)

  T3, depression (+) 6.99(5.62, 8.68) 3.41(2.73, 4.24) 2.01(1.60, 2.52)

Crude model was univariable Cox proportional hazard regression model. Model I adjusted 
for age, sex, ethnicity and BMI. Model II adjusted for age, sex, ethnicity, BMI, PIR, 
education, marital status, smoke, alcohol drinking, physical activity, hypertension, and TC.
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diagnosed with depression, having a CCI score of 2 or higher was 
linked to a higher risk of mortality when compared to those without 
any comorbidities. These findings demonstrate the predictive value 
of CCI scores for depression and mortality and provide valuable 
insights into clinical practice in patients with multimorbidity of 
chronic disease and/or depression.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding authors.

Author contributions

Y-ZW: Writing – original draft, Writing – review & editing. CX: 
Supervision, Methodology, Writing – review & editing. CM: Data 
curation, Writing – review & editing. A-BL: Formal analysis, 
Methodology, Writing – review & editing.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Acknowledgments

We would like to thank the NHANES team for providing the data.

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/fpubh.2024.1404270/
full#supplementary-material

References
 1. Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al. Disability-

adjusted life years (DALYs) for 291 diseases and injuries in 21 regions, 1990-2010: a 
systematic analysis for the global burden of disease study 2010. Lancet. (2012) 
380:2197–223. doi: 10.1016/s0140-6736(12)61689-4

 2. Johnston MC, Crilly M, Black C, Prescott GJ, Mercer SW. Defining and measuring 
multimorbidity: a systematic review of systematic reviews. Eur J Pub Health. (2019) 
29:182–9. doi: 10.1093/eurpub/cky098

 3. Demb J, Abraham L, Miglioretti DL, Sprague BL, O'Meara ES, Advani S, et al. 
Screening mammography outcomes: risk of breast Cancer and mortality by comorbidity 
score and age. J Natl Cancer Inst. (2020) 112:599–606. doi: 10.1093/jnci/djz172

 4. Audenet F, Audouin M, Drouin SJ, Comperat E, Mozer P, Chartier-Kastler E, et al. 
Charlson score as a single pertinent criterion to select candidates for active surveillance 
among patients with small renal masses. World J Urol. (2014) 32:513–8. doi: 10.1007/
s00345-013-1131-2

 5. Schelde AB, Schmidt M, Madsen M, Nielsen SS, Frøkiær J, Christiansen CF. Impact 
of the Charlson comorbidity index score on risk prediction by single-photon emission 
computed tomography myocardial perfusion imaging following myocardial infarction. 
Clin Epidemiol. (2019) 11:901–10. doi: 10.2147/clep.S211555

 6. Goldstein LB, Samsa GP, Matchar DB, Horner RD. Charlson index comorbidity 
adjustment for ischemic stroke outcome studies. Stroke. (2004) 35:1941–5. doi: 
10.1161/01.STR.0000135225.80898.1c

 7. Hemmelgarn BR, Manns BJ, Quan H, Ghali WA. Adapting the Charlson 
comorbidity index for use in patients with ESRD. Am J Kidney Dis. (2003) 42:125–32. 
doi: 10.1016/s0272-6386(03)00415-3

 8. Lee DS, Donovan L, Austin PC, Gong Y, Liu PP, Rouleau JL, et al. Comparison of 
coding of heart failure and comorbidities in administrative and clinical data for use in 
outcomes research. Med Care. (2005) 43:182–8. doi: 10.1097/00005650-200502000-00012

 9. Myers RP, Quan H, Hubbard JN, Shaheen AA, Kaplan GG. Predicting in-hospital 
mortality in patients with cirrhosis: results differ across risk adjustment methods. 
Hepatology. (2009) 49:568–77. doi: 10.1002/hep.22676

 10. Bateman RM, Sharpe MD, Jagger JE, Ellis CG, Solé-Violán J, López-Rodríguez M, 
et al. International symposium on intensive care and emergency medicine: Brussels, 
Belgium. Crit Care. (2016) 20, 20:94. doi: 10.1186/s13054-016-1208-6

 11. Quach S, Hennessy DA, Faris P, Fong A, Quan H, Doig C. A comparison between 
the APACHE II and Charlson index score for predicting hospital mortality in critically 
ill patients. BMC Health Serv Res. (2009) 9:129. doi: 10.1186/1472-6963-9-129

 12. Campayo A, Gómez-Biel CH, Lobo A. Diabetes and depression. Curr Psychiatry 
Rep. (2011) 13:26–30. doi: 10.1007/s11920-010-0165-z

 13. Nugent R. Preventing and managing chronic diseases. BMJ. (2019) 364:l459. doi: 
10.1136/bmj.l459

 14. White P, Abbey S, Angus B, Ball HA, Buchwald DS, Burness C, et al. Anomalies in 
the review process and interpretation of the evidence in the NICE guideline for chronic 
fatigue syndrome and myalgic encephalomyelitis. J Neurol Neurosurg Psychiatry. (2023) 
94:1056–63. doi: 10.1136/jnnp-2022-330463

 15. Hammen C. Risk factors for depression: an autobiographical review. Annu Rev Clin 
Psychol. (2018) 14:1–28. doi: 10.1146/annurev-clinpsy-050817-084811

 16. Anderson RJ, Freedland KE, Clouse RE, Lustman PJ. The prevalence of comorbid 
depression in adults with diabetes: a meta-analysis. Diabetes Care. (2001) 24:1069–78. 
doi: 10.2337/diacare.24.6.1069

 17. Ali S, Stone MA, Peters JL, Davies MJ, Khunti K. The prevalence of co-morbid 
depression in adults with type 2 diabetes: a systematic review and meta-analysis. Diabet 
Med. (2006) 23:1165–73. doi: 10.1111/j.1464-5491.2006.01943.x

 18. Katon WJ. The comorbidity of diabetes mellitus and depression. Am J Med. (2008) 
121:S8–S15. doi: 10.1016/j.amjmed.2008.09.008

 19. Richardson LK, Egede LE, Mueller M. Effect of race/ethnicity and persistent 
recognition of depression on mortality in elderly men with type 2 diabetes and 
depression. Diabetes Care. (2008) 31:880–1. doi: 10.2337/dc07-2215

 20. Egede LE, Ellis C. Diabetes and depression: global perspectives. Diabetes Res Clin 
Pract. (2010) 87:302–12. doi: 10.1016/j.diabres.2010.01.024

 21. Jha MK, Qamar A, Vaduganathan M, Charney DS, Murrough JW. Screening 
and Management of Depression in patients with cardiovascular disease: JACC 
state-of-the-art review. J Am  Coll Cardiol. (2019) 73:1827–45. doi: 10.1016/j.
jacc.2019.01.041

 22. Gaffey AE, Gathright EC, Fletcher LM, Goldstein CM. Screening for psychological 
distress and risk of cardiovascular disease and related mortality: a SYSTEMATIZED 
REVIEW, META-ANALYSIS, AND CASE FOR PREVENTION. J Cardiopulm Rehabil 
Prev. (2022) 42:404–15. doi: 10.1097/hcr.0000000000000751

 23. Aldhahi MI, Baattaiah BA, Alharbi MD, Alotaibi M, Nazer R, Albarrati A. 
Multifaceted associations between walking performance, physical fitness, extremity 
function, health status, and depression in individuals with COPD. Ann Med. (2024) 
56:2338248. doi: 10.1080/07853890.2024.2338248

https://doi.org/10.3389/fpubh.2024.1404270
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1404270/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1404270/full#supplementary-material
https://doi.org/10.1016/s0140-6736(12)61689-4
https://doi.org/10.1093/eurpub/cky098
https://doi.org/10.1093/jnci/djz172
https://doi.org/10.1007/s00345-013-1131-2
https://doi.org/10.1007/s00345-013-1131-2
https://doi.org/10.2147/clep.S211555
https://doi.org/10.1161/01.STR.0000135225.80898.1c
https://doi.org/10.1016/s0272-6386(03)00415-3
https://doi.org/10.1097/00005650-200502000-00012
https://doi.org/10.1002/hep.22676
https://doi.org/10.1186/s13054-016-1208-6
https://doi.org/10.1186/1472-6963-9-129
https://doi.org/10.1007/s11920-010-0165-z
https://doi.org/10.1136/bmj.l459
https://doi.org/10.1136/jnnp-2022-330463
https://doi.org/10.1146/annurev-clinpsy-050817-084811
https://doi.org/10.2337/diacare.24.6.1069
https://doi.org/10.1111/j.1464-5491.2006.01943.x
https://doi.org/10.1016/j.amjmed.2008.09.008
https://doi.org/10.2337/dc07-2215
https://doi.org/10.1016/j.diabres.2010.01.024
https://doi.org/10.1016/j.jacc.2019.01.041
https://doi.org/10.1016/j.jacc.2019.01.041
https://doi.org/10.1097/hcr.0000000000000751
https://doi.org/10.1080/07853890.2024.2338248


Wang et al. 10.3389/fpubh.2024.1404270

Frontiers in Public Health 11 frontiersin.org

 24. Mutz J, Choudhury U, Zhao J, Dregan A. Frailty in individuals with depression, 
bipolar disorder and anxiety disorders: longitudinal analyses of all-cause mortality. BMC 
Med. (2022) 20:274. doi: 10.1186/s12916-022-02474-2

 25. Adzrago D, Williams DR, Williams F. Multiple chronic diseases and psychological 
distress among adults in the United States: the intersectionality of chronic diseases, race/
ethnicity, immigration, sex, and insurance coverage. Soc Psychiatry Psychiatr Epidemiol. 
(2024). doi: 10.1007/s00127-024-02730-1

 26. Albai O, Timar B, Braha A, Timar R. Predictive factors of anxiety and depression 
in patients with type 2 diabetes mellitus. J Clin Med. (2024) 13:3006. doi: 10.3390/
jcm13103006

 27. Abdel-Kader K, Unruh ML, Weisbord SD. Symptom burden, depression, and 
quality of life in chronic and end-stage kidney disease. Clin J Am Soc Nephrol. (2009) 
4:1057–64. doi: 10.2215/cjn.00430109

 28. Noël PH, Parchman ML, Williams JW, Cornell JE, Shuko L, Zeber JE, et al. The 
challenges of multimorbidity from the patient perspective. J Gen Intern Med. (2007) 
22:419–24. doi: 10.1007/s11606-007-0308-z

 29. Townsend A, Wyke S, Hunt K. Frequent consulting and multiple morbidity: a 
qualitative comparison of 'high' and 'low' consulters of GPs. Fam Pract. (2008) 
25:168–75. doi: 10.1093/fampra/cmn017

 30. Noël PH, Frueh BC, Larme AC, Pugh JA. Collaborative care needs and preferences 
of primary care patients with multimorbidity. Health Expect. (2005) 8:54–63. doi: 
10.1111/j.1369-7625.2004.00312.x

 31. Zöller B, Pirouzifard M, Sundquist J, Sundquist K. Association of Short-Term 
Mortality of venous thromboembolism with family history of venous thromboembolism 
and Charlson comorbidity index. Thromb Haemost. (2019) 119:048–55. doi: 
10.1055/s-0038-1676347

 32. Zhou S, Zhang XH, Zhang Y, Gong G, Yang X, Wan WH. The age-adjusted 
Charlson comorbidity index predicts prognosis in elderly Cancer patients. Cancer 
Manag Res. (2022) 14:1683–91. doi: 10.2147/cmar.S361495

 33. Albrecht JS, Gruber-Baldini AL, Hirshon JM, Brown CH, Goldberg R, Rosenberg 
JH, et al. Depressive symptoms and hospital readmission in older adults. J Am Geriatr 
Soc. (2014) 62:495–9. doi: 10.1111/jgs.12686

 34. Canaslan K, Ates Bulut E, Kocyigit SE, Aydin AE, Isik AT. Predictivity of the 
comorbidity indices for geriatric syndromes. BMC Geriatr. (2022) 22:440. doi: 10.1186/
s12877-022-03066-8

 35. Kim CY, Sivasundaram L, LaBelle MW, Trivedi NN, Liu RW, Gillespie RJ. 
Predicting adverse events, length of stay, and discharge disposition following shoulder 
arthroplasty: a comparison of the Elixhauser comorbidity measure and Charlson 
comorbidity index. J Shoulder Elb Surg. (2018) 27:1748–55. doi: 10.1016/j.jse.2018.03.001

 36. Zhao H, Pan Y, Wang C, Guo Y, Yao N, Wang H, et al. The effects of metal 
exposures on Charlson comorbidity index using zero-inflated negative binomial 
regression model: NHANES 2011-2016. Biol Trace Elem Res. (2021) 199:2104–11. doi: 
10.1007/s12011-020-02331-4

 37. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression 
severity measure. J Gen Intern Med. (2001) 16:606–13. doi: 
10.1046/j.1525-1497.2001.016009606.x

 38. Duman H, Duman H, Puşuroğlu M, Yılmaz AS. Anxiety disorders and depression 
are associated with resistant hypertension. Adv Clin Exp Med. (2024) 33:111–8. doi: 
10.17219/acem/166304

 39. Nouwen A, Winkley K, Twisk J, Lloyd CE, Peyrot M, Ismail K, et al. Type 2 
diabetes mellitus as a risk factor for the onset of depression: a systematic review and 
meta-analysis. Diabetologia. (2010) 53:2480–6. doi: 10.1007/s00125-010-1874-x

 40. Laurin C, Moullec G, Bacon SL, Lavoie KL. Impact of anxiety and depression on 
chronic obstructive pulmonary disease exacerbation risk. Am J Respir Crit Care Med. 
(2012) 185:918–23. doi: 10.1164/rccm.201105-0939PP

 41. Rashid M, Kwok CS, Gale CP, Doherty P, Olier I, Sperrin M, et al. Impact of co-
morbid burden on mortality in patients with coronary heart disease, heart failure, and 
cerebrovascular accident: a systematic review and meta-analysis. Eur Heart J Qual Care 
Clin Outcomes. (2017) 3:20–36. doi: 10.1093/ehjqcco/qcw025

 42. Monroe SM, Harkness KL. Major depression and its recurrences: life course matters. 
Annu Rev Clin Psychol. (2022) 18:329–57. doi: 10.1146/annurev-clinpsy-072220-021440

 43. Rakel RE. Depression. Prim Care. (1999) 26:211–24. doi: 10.1016/
s0095-4543(08)70003-4

 44. Gore FM, Bloem PJ, Patton GC, Ferguson J, Joseph V, Coffey C, et al. Global 
burden of disease in young people aged 10-24 years: a systematic analysis. Lancet. (2011) 
377:2093–102. doi: 10.1016/s0140-6736(11)60512-6

 45. Wang J, Wu X, Lai W, Long E, Zhang X, Li W, et al. Prevalence of depression and 
depressive symptoms among outpatients: a systematic review and meta-analysis. BMJ 
Open. (2017) 7:e017173. doi: 10.1136/bmjopen-2017-017173

 46. González HM, Vega WA, Williams DR, Tarraf W, West BT, Neighbors HW. 
Depression care in the United States: too little for too few. Arch Gen Psychiatry. (2010) 
67:37–46. doi: 10.1001/archgenpsychiatry.2009.168

 47. Seligman F, Nemeroff CB. The interface of depression and cardiovascular disease: 
therapeutic implications. Ann N Y Acad Sci. (2015) 1345:25–35. doi: 10.1111/nyas. 
12738

 48. Whittemore R, Dixon J. Chronic illness: the process of integration. J Clin Nurs. 
(2008) 17:177–87. doi: 10.1111/j.1365-2702.2007.02244.x

 49. Liddy C, Blazkho V, Mill K. Challenges of self-management when living with 
multiple chronic conditions: systematic review of the qualitative literature. Can Fam 
Physician. (2014) 60:1123–33.

 50. Liu Q, Wang H, Liu A, Jiang C, Li W, Ma H, et al. Adherence to prescribed 
antihypertensive medication among patients with depression in the United States. BMC 
Psychiatry. (2022) 22:764. doi: 10.1186/s12888-022-04424-x

 51. Bogner HR, de Vries HF. Integration of depression and hypertension treatment: a 
pilot, randomized controlled trial. Ann Fam Med. (2008) 6:295–301. doi: 
10.1370/afm.843

 52. Cukor D, Rosenthal DS, Jindal RM, Brown CD, Kimmel PL. Depression is an 
important contributor to low medication adherence in hemodialyzed patients and 
transplant recipients. Kidney Int. (2009) 75:1223–9. doi: 10.1038/ki.2009.51

 53. Acharya T, Agius M. Poor compliance as a sign of depression. Why might an 
elderly man stop his medication? Psychiatr Danub. (2018) 30:630–2.

 54. Lee GB, Kim HC, Jung SJ. Association between depression and disease-specific 
treatment. J Affect Disord. (2020) 260:124–30. doi: 10.1016/j.jad.2019.08.073

 55. Cho MJ, Chang SM, Lee YM, Bae A, Ahn JH, Son J, et al. Prevalence of DSM-IV 
major mental disorders among Korean adults: a 2006 National Epidemiologic Survey 
(KECA-R). Asian J Psychiatr. (2010) 3:26–30. doi: 10.1016/j.ajp.2010.01.009

 56. Bautista LE, Vera-Cala LM, Colombo C, Smith P. Symptoms of depression and 
anxiety and adherence to antihypertensive medication. Am J Hypertens. (2012) 
25:505–11. doi: 10.1038/ajh.2011.256

 57. Ciechanowski PS, Katon WJ, Russo JE. Depression and diabetes: impact of 
depressive symptoms on adherence, function, and costs. Arch Intern Med. (2000) 
160:3278–85. doi: 10.1001/archinte.160.21.3278

 58. Soqia J, Al-Shafie M, Agha LY, Alameer MB, Alhomsi D, Saadoun R, et al. 
Depression, anxiety and related factors among Syrian breast cancer patients: a cross-
sectional study. BMC Psychiatry. (2022) 22:796. doi: 10.1186/s12888-022-04469-y

 59. Trudel-Fitzgerald C, Zevon ES, Kawachi I, Tucker-Seeley RD, Kubzansky LD. 
Depression, smoking, and lung cancer risk over 24 years among women. Psychol Med. 
(2022) 52:2510–9. doi: 10.1017/s0033291720004390

 60. Carney RM, Freedland KE. Depression and coronary heart disease. Nat Rev 
Cardiol. (2017) 14:145–55. doi: 10.1038/nrcardio.2016.181

 61. Sbolli M, Fiuzat M, Cani D, O'Connor CM. Depression and heart failure: the 
lonely comorbidity. Eur J Heart Fail. (2020) 22:2007–17. doi: 10.1002/ejhf.1865

 62. Kastner M, Cardoso R, Lai Y, Treister V, Hamid JS, Hayden L, et al. Effectiveness 
of interventions for managing multiple high-burden chronic diseases in older adults: a 
systematic review and meta-analysis. CMAJ. (2018) 190:E1004–e1012. doi: 10.1503/
cmaj.171391

https://doi.org/10.3389/fpubh.2024.1404270
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1186/s12916-022-02474-2
https://doi.org/10.1007/s00127-024-02730-1
https://doi.org/10.3390/jcm13103006
https://doi.org/10.3390/jcm13103006
https://doi.org/10.2215/cjn.00430109
https://doi.org/10.1007/s11606-007-0308-z
https://doi.org/10.1093/fampra/cmn017
https://doi.org/10.1111/j.1369-7625.2004.00312.x
https://doi.org/10.1055/s-0038-1676347
https://doi.org/10.2147/cmar.S361495
https://doi.org/10.1111/jgs.12686
https://doi.org/10.1186/s12877-022-03066-8
https://doi.org/10.1186/s12877-022-03066-8
https://doi.org/10.1016/j.jse.2018.03.001
https://doi.org/10.1007/s12011-020-02331-4
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.17219/acem/166304
https://doi.org/10.1007/s00125-010-1874-x
https://doi.org/10.1164/rccm.201105-0939PP
https://doi.org/10.1093/ehjqcco/qcw025
https://doi.org/10.1146/annurev-clinpsy-072220-021440
https://doi.org/10.1016/s0095-4543(08)70003-4
https://doi.org/10.1016/s0095-4543(08)70003-4
https://doi.org/10.1016/s0140-6736(11)60512-6
https://doi.org/10.1136/bmjopen-2017-017173
https://doi.org/10.1001/archgenpsychiatry.2009.168
https://doi.org/10.1111/nyas.12738
https://doi.org/10.1111/nyas.12738
https://doi.org/10.1111/j.1365-2702.2007.02244.x
https://doi.org/10.1186/s12888-022-04424-x
https://doi.org/10.1370/afm.843
https://doi.org/10.1038/ki.2009.51
https://doi.org/10.1016/j.jad.2019.08.073
https://doi.org/10.1016/j.ajp.2010.01.009
https://doi.org/10.1038/ajh.2011.256
https://doi.org/10.1001/archinte.160.21.3278
https://doi.org/10.1186/s12888-022-04469-y
https://doi.org/10.1017/s0033291720004390
https://doi.org/10.1038/nrcardio.2016.181
https://doi.org/10.1002/ejhf.1865
https://doi.org/10.1503/cmaj.171391
https://doi.org/10.1503/cmaj.171391

	Associations of the Charlson comorbidity index with depression and mortality among the U.S. adults
	Introduction
	Methods
	Study population
	Assessment of CCI
	Assessment of depression status
	Follow up and endpoint
	Covariate
	Statistical analysis

	Results
	Study participants and baseline characteristics
	The correlation of CCI with depression
	The correlation between CCI score and all-cause mortality
	Sensitivity analyses for excluded adult participants

	Discussion
	Conclusion

	References

