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Longitudinal Causal Inference of 
Cognitive Function and Depressive 
Symptoms in Elderly People
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OBJECTIVE: the association between depressive symptoms (Center for Epidemiologic Studies 
Depression Scale [CES-D]) and subsequent cognitive function (Mini-Mental State Examination 
[MMSE]) is equivocal in literature. To examine the causal relationship between them, we use 
longitudinal data on MMSE and CESD and causal inference to illustrate the relationship between 
two health outcomes. 
METHOD: Data were obtained from the Hispanic Established Populations for Epidemiologic Studies of the 
Elderly. Participants included 3050 noninstitutionalized Mexican Americans aged 65 and older followed 
from 1993-2001. Cognitive function and depressive symptoms were assessed using the MMSE and CESD 
at baseline and at 2, 5, and 7 years of follow-up. Independent variables were sociodemographics, CESD, 
medical conditions. Marginal structural causal models were employed to evaluate the extent to which 
cognitive function depend not only on depressive symptoms measured at a single point in time but also 
on an individual’s entire depressive symptoms history.
DISCUSSION: our results indicate that if intervention to reduce 1 points of depressive symptoms were 
made at two years prior to assessing cognitive function, they would result in average improvement in 
cognitive function of 0.12, 95% CI [0.06, 0.18],P<.0001. Conclusion: The results suggest that  depressive 
symptoms were significantly causally associated with cognitive impair. 
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INTRODUCTION

Depression is a common mental disorder 
in the United States that is often associated with 
morbidity, disability or even mortality. In 2012, 

6.9 percent of all adults which represented 
approximate 16 million adults in the U.S. were 
reported to experience at least one major 
depressive episode in the past 12 months [1]. 
Depression is also considered as an important 
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indicator to measure the well-being of the 
elderly. The prevalence of depressive symptoms 
was observed to have a positive association with 
age among people aged 65 or older; by genders, 
older females seemed to have higher rate of 
depression than older males; but the prevalence 
of depression seemed to be relatively stable 
among both genders over years [2]. 

In recent years, depressive symptoms, cognitive 
decline and the subsequent dementia are commonly 
prevalent among the aging population. Langa et 
al. [3] estimated that the prevalence of cognitive 
impairment was 8.7 percent among adults aged 
70 or older. In a recent study, the rate of people 
aged 75 or over with mild cognitive impairment 
progressing to dementia was 35% [4]. Other studies 
reported that depression is commonly found in 
people with mild cognitive impairment and most 
dementias [5]; depression can increase the risk of 
developing dementia [6], especially for people with 
mild cognitive impairment [7]. 

Recent studies have documented an 
association between depressive symptoms and 
cognitive decline among older adults and 
their subgroups [8-13]. However, the causal 
relationship of depression and cognitive decline 
still remains unclear.  

This paper aimed to study the causal 
association between depression symptoms and 
cognitive decline using longitudinal marginal 
structural causal models [14]. 

METHODS

Data and Sample

We employ data from the HEPESE. This 
dataset comprises four waves of follow-up: 
1993-1994, 1995-1996, 1998-1999 and 2000-
2001. The sample consists of 3050 Mexican-
Americans at baseline, aged 65 years and older, 
residing in the five of the southwestern states 
of Arizona, California, Colorado, New Mexico, 
and Texas. Beginning with the second wave, 
some of the original subjects died or were 
lost to follow up and only 1683 subjects were 
interviewed at wave four [15]. 

Measure of cognitive functioning: MMSE

Cognitive status was assessed using Mini-
Mental Examination (MMSE) score [16], ranging 

from 0 to 30 points, with lower scores indicating 
impaired cognitive functioning.

Measure of depressive symptoms: CES-D 

Depression is measured with the Center 
for Epidemiologic Studies Depression Scale 
(CES-D) [17]. The CES-D score consists of the 
sum of 20 individual items measured on a four-
point frequency scale, with score ranging from 
0-60. Sample items include “I felt depressed,” 
“I felt fearful,” “I felt lonely,” and “I felt sad,” 
among others. Possible responses for each item 
on this 4-point Likert scale were: 0= never/
none; 1= some/little; 2=occasionally/moderate; 
3= most or all of time. Higher scores indicate 
greater level of depressive symptoms.

Demographic Variables

The demographic variables include age, 
sex, years of education, annual household 
income (three categories), marital status, 
and body mass index (BMI). Marital status 
was dichotomized as unmarried (consisting 
of separated, divorced widowed and never 
married people) and currently married, with 
married people as the reference group.

Number of Chronic Diseases

The number of chronic diseases was 
determined from seven items (cardiovascular 
disease, stroke, hypertension, diabetes, cancer, 
fractures and arthritis). The presence of disease 
was coded as “1” for “yes” or “0) for “no.” 
Possible scores for chronic diseases ranges 
from 0-7. 

Models and Estimation

There are three models used to analyze 
the data and compare the results. The first 
model estimates association between CES-D 
and MMSE adjusted only by baseline variables 
such as age, sex, years of education, annual 
household income, marital status, BMI, Marital 
status and number of chronic disease using 
regression analysis. The second model is the 
unweighted model adjusted by baseline and 
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time-varying covariates by standard regression. 
The third model is marginal structure model 
(MSM), which estimates the causal association 
between CES-D and MMSE, adjusted by baseline 
variables and time-varying covariates through 
inverse probability weights. 

In observation studies such as 
epidemiological research, marginal structure 
models (MSMs) are routinely employed to adjust 
for time-dependent confounding [14]. In this 
paper, we apply MSMs to estimate the causal 
effect of CES-D on the cognitive functioning of 
elderly population. In this study, outcomes and 
covariates of subjects were collected at baseline 
and then were followed for seven years. Thus 
these time-dependent covariates not only are 
independent predictor of cognitive functioning 
but also predict subsequent CES-D. These 
covariates also affected by baseline covariates 
and prior CES-D. 

Notation of MSMs is borrowed from Robins 
et al. [14]. Let A0 denote observed CES-D and 
C0 denote other confounders from baseline. Let 
A

1
 and A

2
 be the CES-D at follow-up 1 and 2. 

Let L
1
 and L

2
 denote measured confounder that 

may be associated with A
1
 and A

2
. Let D

1 
and D

2
 

indicate loss to follow-up (censoring) at follow-
up 1 and 2 (D=1 if censored and o otherwise). 

MSMs were fit for CES-D at follow-up visit 
1, and 2 on cognitive functioning at follow-up 
3. The model predicts the expected outcomes, 
condition on baseline and follow-up visit 1, and 
2  CES-D. The model yield the following form

E[Y
A1A2

|X=x] = κ + β
1
A

1
 + β

2
A

2
      (1)

where Y
A1A2

 is the cognitive functioning 
at follow-up 3 for an individual, and X 
denotes all other covariates at baseline and 
previous treatment. The variable Y

A1A2
 is called 

“counterfactual outcomes”, as it is the outcomes 
that would have resulted had the exposure, 
CES-D at follow-up visit 1 and 2. 

Calculating weights

In order to fit MSMs, inverse probability 
of treatment weighting (IPTW) is calculated, 
which is used to adjust for confounding by 
covariates and create a pseudopopulation 
in which the treatment and covariates are 
unassociated, therefore the outcomes and 
treatment are independent so that effect 

estimates are unbiased. The weight is calculated 
by taking the inverse of the probability of the 
estimated probability of receiving the observed 
treatment, condition on history including 
baseline covariates and previous treatment. The 
unstandardized weight is:

Unstandardized weights cause large 
standard errors, so standardized weights are 
more widely used:

For binary treatment model, logistical 
regression was used to fit and estimate 
the probability of receiving treatment. For 
continuous treatment, conditional densities 
obtained from linear regression was used. In 
this study, CES-D score was continuous variable 
with normal distribution, so the predicted 
density function as weight was calculated 
for each subject. The overall weight for each 
subject is computed by taking the product of 
the weight at each time period.  

Censoring and missing data occurred 
in longitudinal studies. In order to handle 
censoring, logistics regression is fit to estimate 
the weight of inverse-probability-of-censoring 
(IPCW). The overall censoring weight for each 
subject is computed by take the product of the 
weight at each time period. 

 
 

The final weights are the product of IPTW 
and IPCW for each subject. SAS 9.4 was used to 
conduct all the data analysis (SAS Institute, Inc.).

RESULTS

Table 1 presents the descriptive statistics 
of the study subjects at baseline. The average 
age at baseline was 73.07 years (SD=6.78) with 
BMI 27.84 (SD=5.29). The population consisted 
largely of subjects of low socioeconomic status 
(low income and few years of education). Of the 
total, 55.5% were married. The average number of 
chronic diseases was 1.94 (SD=0.94). At baseline, 
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females accounted for 57.6% of the sample. 
Table 2 illustrates the mean of CES-D score, 

MMSE and the number of subjects who were 
followed, died or dropped out at each wave. 
The mean CES-D score were 14.91, 14.30 and 
15.46 at the baseline, first and second visit. The 
mean MMSE were 24.69, 23.92, 19.99 and 21.39 
at the baseline, first, second and third visit. The 
mortality rates were 7.84%, 21.67%, 30.59%, in 
the first, second and third visit, respectively. 

Table 3 shows baseline factors were 
associated with CES-D. Sex, education level, 
income and number of chronic disease were 
associated with CES-D. Subjects who were 

male, unmarried, low income, and higher 
chronic disease had higher depression level. 

Table 4 presents the results analyzed by 
three different models. 

The results of model I indicated that 
there is negative association between baseline 
CES-D and MMSE, which means that the higher 
depression at baseline was associated with 
lower cognitive scores at the visit III. The results 
from model II illustrated that all the CES-D from 
baseline, visit I and II had negative association 
with cognitive scores after adjusting all other 
baseline covariates. The results from marginal 
structural model (MSM) indicated that the causal 

TABLE 1

CHARACTERISTIC MEAN ± SD OR PROPORTION

CES-D score 14.91 ± 7.58

Age 73.07± 6.78

Chronic disease 1.93±0.93

Years of education 4.84±  3.89

Cognitive status 24.69±4.70

BMI 27.84±5.29

Sex:    male  42.4%

            female  57.6%

Income

$0-$4,999 14.24%

$5,000-$9,999 37.22%

$10,000-$14,999 21.40%

$15,000-$19,999 9.86%

>$20,000 17.28%

Marital Status 55.5%

BMI=body mass index; CES-D= Center of Epidemiological Studies Depression Scale; MMSE=Mini-Mental Examination Score;  
SD= standard deviation. 

DESCRIPTIVE STATISTICS OF THE SUBJECTS AT BASELINE

TABLE 2

VISIT N DEATH MEAN OF MMSE % (CES-D≥16) MEAN(SD) OF 
CES-D

baseline 3050 0 24.69 36.71 14.91 (7.58)

I 2439 239 23.93 24.92 14.30 (5.85)

II 1981 661 19.99 33.92 15.46 (6.64)

III 1683 933 21.39 13.73  6.68 (7.33)

CES-D= Center of Epidemiological Studies Depression Scale; MMSE=Mini-Mental Examination Score

SUMMARY OF SAMPLE SIZE, DEATH, MMSE AND CES-D AT BASELINE, FOLLOW-UP VISIT I, II AND III
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association between CES-D at baseline, visit I 
and II, and cognitive scores, which shows that 
the CES-D at visit II had the major negative 
causal association with cognitive scores. 

DISCUSSION

In this study marginal structural model was 
conducted to analyze the causal relationship 
between depressive symptom and cognitive 
functioning in elderly Mexican American 
population. The results indicated that high 
levels of depressive symptoms caused cognitive 
function declining with controlling time-varying 
confounding factors such as chronic disease 
and body mass index. 

Our results support previous researches 
that depression can predict subsequent 
cognitive decline [6, 10, 18-22], and are 
consistent with Raji et al. [13]’s finding in older 
Mexican Americans. Moreover, our findings 
confirm that there is a causal association 
from depression to cognitive decline in later 
life, which is similar to Bunce et al. [23]’ 
report. However, the relationship between 
cognitive function and depressive symptoms 
still remains inconsistent across studies. Han 
and colleges [24] found depression symptoms 
had a concurrent or temporary association with 
cognitive decline among older medical patients, 
which was against that depression symptoms 
were hypothesized as an independent risk 
factor for cognitive decline. Ganguli et al. [25] 

TABLE 3

VARIABLES PARAMETER ESTIMATE STANDARD ERROR P-VALUE

MMSE  at baseline -0.27 0.05 <0.0001

Age -0.03 0.03 0.31

Chronic disease 1.43 0.16 <0.0001

Years of education -0.05 0.05 0.29

BMI -0.01 0.03 0.74

Sex: male 2.50 0.38 <0.0001

Marital Status: married -0.34 0.40 0.39

Income

$0-$4,999 2.30 0.66 0.0006

$5,000-$9,999 1.81 0.53 0.0008

$10,000-$14,999 1.29 0.59 0.02

$15,000-$19,999 -0.33 0.71 0.06

>$20,000 reference

BMI=body mass index; CES-D= Center of Epidemiological Studies Depression Scale; MMSE=Mini-Mental Examination Score

FACTORS ASSOCIATED WITH DEPRESSIVE SYMPTOM AT THE BASELINE BY LINEAR REGRESSION ANALYSIS

TABLE 4

MODEL 1 MODEL 2 MSM

ESTIMATE 
(SD) 95% CI ESTIMATE 

(SD) 95% CI ESTIMATE 
(SD) 95% CI

CES-D0 -0.05 (0.02) -0.08, -0.02 -0.01 (0.02) -0.05, 0.03 -0.02  (0.03) -0.07, 0.03

CES-D1 -0.05 (0.02) -0.1, -0.01 0.02  (0.06) -0.11, 0.15

CES-D2 -0.07 (0.02) -0.11, -0.03 -0.12  (0.03) -0.18, -0.06

CES-D= Center of Epidemiological Studies Depression Scale; MMSE=Mini-Mental Examination Score; MSM=marginal structural 
model; SD=standard deviation; CI=confidence interval. 

RESULTS FROM THREE MODELS

e 1 1 2 6 2 - 5



OR IG INA L  AR T I C L ES

Epidemiology Biostatistics and Public Health - 2015, Volume 12, Number 3

LONGITUDINAL CAUSAL INFERENCE OF COGNITIVE FUNCTION AND DEPRESSIVE SYMPTOMS IN ELDERLY PEOPLE

pointed out depressive symptoms probably 
cannot predict substantial cognitive decline 
although they were associated with cognitive 
impairment. Some papers even documented 
that cognitive decline preceded depressive 
symptoms and may predict depression [26-
27]. One hypothesis that Jorm [28] stated to 
explain the association between depression and 
cognitive decline considered depression as a 
causal factor for dementia. A possible biological 
mechanism to support the causal relationship is 
called ‘glucocorticoid cascade’ hypothesized by 
Sapolsky [29], but the evidence is limited. 

Cognitive functions decline with aging; but 
age-related decline in cognition are not similar 
across all older people. Some people still have 
good performance in cognitive function at their 
70s or 80s; while others show signs of cognitive 
decline at their early 60s [30]. Salthouse [31] 
argued that age-related cognitive decline 
accelerated at older ages. Luboshitzky et al. 
[32] reported that people aged 65 to 70 years 
old had a mean MMSE score of 27.8, and those 
aged 85 to 90 years scored at 22.3 on average. 
In the same study, the percentage of abnormal 
MMSE scores (less than 24) increased gradually 
to 35.5% of people aged 85 to 90 years from 
5.2% of those aged 65 to 70 years old. Another 
study found that a sample of elderly Europeans 
aged 74 to 79 years old had a mean MMSE 
score of 26.7, even though the prevalence of 
depression was high among in this sample [33]. 
However, Houx et al. [34] criticized MMSE and 
pointed out several drawbacks of using MMSE 
including ceiling effect and the possibility of 
direct learning effect. Moreover, MMSE aims 
to examine cognitive function of those who 
suffer from or at risk for dementia. In this case, 
MMSE may not be sensitive to the cognitive 
decline for the elderly who are not at risk of 
developing dementia. Other variables like SES 
(e.g., education) and social disengagement also 
affect cognitive function in later life [35-37].

Our study had several strengths. First, 
longitudinal design and repeated measurement 
of MMSE, CES-D and other covariates gave us 
the opportunities to explore the risk factors for 

cognitive functioning over a period of seven 
years. Second, MSMs was used to improve 
causal interpretation of the estimate under 
the control of time-varying confounding. 
Most of previous studies [8-13] concluded the 
association between MMSE and CES-D either 
based on cross-section survey or longitudinal 
studies. The results from our study by MSMs 
were quite similar to those by traditional 
regression from the previous studies [8-13]. 
Our study confirmed the causal relationship 
between depressive symptom and cognitive 
functioning in elderly people. 

There are three primary limitations of the 
current study. First, the high proportion of 
drop-outs and non-responses could have caused 
some degree of selection bias in this analysis. 
Analysis of time to drop-out indicated that the 
baseline and following wave depression scores 
increased the risk of drop-out, suggesting that 
we could have under estimated depression 
scores. Second, the CES-D score is not a form 
diagnosis of clinical depression, but actually 
is a scale designed to measure depressive 
symptomatology. Thus there is response bias 
to depressive symptom items compared with 
racially and ethnically diverse older people. 
The third limitation is that data for CES-D, 
MMSE, and other covariates were self-reported 
measures. This may have resulted in under or 
over estimates of the prevalence of depressive 
symptomatology and cognitive functioning.

Our results provide strong epidemiological 
support to better understand risk of high 
level of depressive symptoms for cognitive 
functioning in the elderly Mexican American 
population, which show that the necessary 
early intervention of depressive symptoms may 
help mitigate decline of cognitive functioning.  
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