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Abstract
Background  Depressive symptoms are common in older adults and predict functional dependency.
Aims  To examine the ability of depressive symptoms to predict low physical performance over 20 years of follow-up among 
older Mexican Americans who scored moderate to high in the Short Physical Performance Battery (SPPB) test and were 
non-disabled at baseline.
Methods  Data were from the Hispanic Established Population for the Epidemiologic Study of the Elderly. Our sample 
included 1545 community-dwelling Mexican American men and women aged 65 and older. Measures included socio-demo-
graphics, depressive symptoms, SPPB, handgrip strength, activities of daily living, body mass index (BMI), mini-mental 
state examination, and self-reports of various medical conditions. General Equation Estimation was used to estimate the 
odds ratio of developing low physical performance over time as a function of depressive symptoms.
Results  The mean SPPB score at baseline was 8.6 ± 1.4 for those with depressive symptoms and 9.1 ± 1.4 for those without 
depressive symptoms. The odds ratio of developing low physical performance over time was 1.53 (95% Confidence Inter-
val = 1.27–1.84) for those with depressive symptoms compared with those without depressive symptoms, after controlling 
for all covariates.
Conclusion  Depressive symptoms were a predictor of low physical performance in older Mexican Americans over a 20-year 
follow-up period. Interventions aimed at preventing decline in physical performance in older adults should address manage-
ment of their depressive symptoms.
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Introduction

Depression, a chronic condition characterized by “loss of 
interest in activities, changes in weight and sleeping pat-
terns, fatigue, and feelings of guilt and worthlessness,” is 

among the most prevalent, debilitating, and expensive medi-
cal problem worldwide, affecting an estimated 322 million 
people or 4.4% of the global population in 2015 [1, 2]. In 
2008, major depression ranked third of disease worldwide in 
cost burden and is projected to rank first by 2030, according 
to the World Health Organization [3]. Although the number 
of people in the global population with depression increased 
by 18.4% between 2005 and 2015, the prevalence of depres-
sion differs by age, gender, and race/ethnicity [2, 4]. Studies 
have shown that the prevalence of depression ranges from 
5 to 10% among community-dwelling adults aged 65 and 
older, with the highest prevalence among Hispanics (6.9%) 
compared to non-Hispanic whites (3.8%) and non-Hispanic 
blacks (3.6%) [5, 6]. Additionally, women (7.1%) have 
higher rates of depression compared to men (3.4%) [7].

In the U.S., depression in older adults is a growing public 
health concern as its population rapidly ages and the demand 
for mental health resources increases. Studies have projected 
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that adults aged 65 and older will comprise more than 20% 
of U.S. residents by 2030, and reach a population of approxi-
mately 83.7 million by 2050 [8, 9]. In 2012, there was an 
estimated 0.4 geriatric psychiatrists per 10,000 persons 
aged 65 and over in the U.S. By 2060, it is projected that 
there will be 0.2 geriatric psychiatrists per 10,000 popula-
tion aged 65 and older [4]. In 2013, the healthcare cost of 
depressive disorders in U.S. was estimated to be $71.1 bil-
lion [10]. The upcoming demographic shift will, therefore, 
lead to an increased number of older adults with depression 
at increased risk for poor health outcomes and with limited 
resources to treat their depression.

Physical functioning and mental health in older adults go 
hand-in-hand. Higher physical function helps older adults to 
maintain higher levels of physical independence, cognitive 
function, and quality of life. [11]; whereas, reduced physical 
performance has been shown to predict incident disability, 
increase the risk of mortality, and increase all-cause hos-
pitalizations in this population [12–14]. Moreover, depres-
sion is associated with disability, type 2 diabetes mellitus, 
cardiovascular disease, reduced quality of life, and increased 
mortality [15–17]. Several studies have investigated the rela-
tionship between physical function and depressive symp-
toms [18–22]. These studies are of both cross-sectional [20, 
21] and longitudinal in design, mostly conducted in non-
Hispanic populations [18, 19, 22]. For example, Everson-
Rose et al., using participants from the Chicago Health and 
Aging Project (CHAP), found that every 1-point increase in 
Center for Epidemiologic Studies Depression Scale (CES-D) 
score was associated with a 0.34-point decline in physical 
performance. [20] Penninx et al., using participants from 
the Established Populations for Epidemiologic Studies of 
the Elderly (EPESE), found that, after 4 years, those with 
depressive symptoms were 1.55 times more likely to have a 
decline in physical performance [19].

Hispanics are a unique population in several ways. They 
are a rapidly developing segment of older adults in the U. S., 
with older Mexican Americans comprising the largest por-
tion of U.S. Hispanics (64.1%) [23]. Older Mexican Ameri-
cans have a high prevalence of depressive symptoms, type 2 
diabetes, and obesity, which are risk factors for developing 
physical disability [5, 24, 25]. Their minimal access to medi-
cal care and low health literacy affect their ability to manage 
complex conditions, particularly within a rapidly changing 
healthcare system [26, 27].

Although previous studies show a relationship between 
depressive symptoms and reduced physical performance, 
these studies were conducted in non-Hispanic populations, 
and had less than a 10-year follow-up. Little is known 
about the long-term effect of depressive symptoms and 
physical performance over time among older Mexican 
Americans. Therefore, the aim of this study was to exam-
ine the ability of depressive symptoms to predict low 

physical performance over 20 years of follow-up among 
older Mexican Americans who scored moderate to high in 
the Short Physical Performance Battery (SPPB) test and 
were non-disabled at baseline.

Methods

The data used are from the Hispanic EPESE (H-EPESE), 
an ongoing longitudinal cohort study of Mexican Ameri-
cans aged 65 and older residing in five southwestern states 
(Texas, New Mexico, Colorado, Arizona, and California). 
The original H-EPESE sample consisted of 3050 partici-
pants interviewed in 1993–1994 at baseline and who were 
followed up every 2 or 3 years thereafter. Nine waves of 
the data have been collected (1993/94–2016). The pre-
sent study used data collected from baseline to Wave 8 
(2012–2013), allowing for approximately 20  years of 
follow-up data. Information and data for the Hispanic 
EPESE are available at the National Archive of Comput-
erized Data on Aging [28]. Out of 3050 eligible partici-
pants, we excluded 559 with incomplete information on 
the SPPB, CES-D, and all covariates; 204 who reported 
needed help or were unable to perform one of seven activi-
ties of daily living (ADLs: walking, bathing, grooming, 
dressing, eating, transferring, or toileting) [29]; and 742 
who performed low in the SPPB (score < 7) at baseline. 
The final analytical sample included 1,545 participants. 
Excluded participants were significantly more likely than 
included participants: to be older, male, or unmarried; to 
have a lower level of education, lower body mass index 
(BMI), lower SPPB and lower Mini-Mental State Exami-
nation (MMSE) scores; and to report more limitations in 
ADLs or the presence of arthritis, diabetes, heart attack, 
stroke, and hip fracture.

Measurements

Predictor variable

Depressive symptoms were measured with the CES-D, an 
instrument designed to help quantify depressive symptoms 
in community surveys [30]. The scale includes 20 items that 
determine how often specific symptoms were experienced 
in a 1-week period. Responses are scored on a 4-point scale, 
with potential total scores ranging 0–60. A score of 16 or 
greater is used to determine a clinical range for those with 
depressive symptoms [31]. The scale does not diagnose 
clinical depression, but has been shown to predict current 
and future clinical depression [32].
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Outcome variable

The SPPB was used to measure physical function. The SPPB 
is based on three lower extremity tasks which test standing 
balance, gait (a timed 8-ft walk), and repeated timed chair 
stands. Each test is scored on a 0–4 scale using previously 
validated norms and summed for an overall score ranging 
from 0 to 12 for all three tests. [33] Higher scores indicated 
better physical performance. Low physical performance 
was defined as SPPB score < 7 [34]. This index of physical 
performance has been shown to be reliable and valid for 
determining incident disability and risk of mortality in the 
general population and among older Mexican Americans 
[12, 13].

Covariates

Age, sex, education, marital status, cognitive functioning 
as measure by MMSE scores [35], measured BMI calcu-
lated as weight in kilograms divided by height in squared 
meters [36], handgrip strength measured in kilograms using 
a dynamometer (Jaymar Hydraulic Dynamometer, model 
#5030J1, J.A. Preston Corp., Clifton, NJ). [37], and comor-
bid conditions (self-reported physician diagnosis of hyper-
tension, arthritis, diabetes mellitus, heart attack, stroke, hip 
fracture, and cancer).

Statistical analysis

Chi-square and t-test were used to examine the distribution 
of the variables by depressive symptoms at baseline. General 
Equation Estimation using the GENMOD procedure in SAS 
was used to estimate the odds ratio of developing low physi-
cal performance (SPPB < 7) over 20 years as a function of 
depressive symptoms. All variables including CES-D were 
analyzed as time varying (with the potential to change as 
time progress), except for gender and education. Those par-
ticipants who died, refused, or were lost to follow-up were 
included until their last follow-up date (last interview date 
over the 20 years of follow up). Additional analyses were 
performed using the general linear mixed models—MIXED 
procedure in SAS to estimate the change in SPPB over time 
as a continuous score. All analyses were performed using 
the SAS System for Windows, version 9.4 (SAS Institute, 
Inc., Cary, NC).

Results

At baseline (N = 1545), the mean age of the overall sample 
was 72.0 [Standard Deviation (SD) = 6.1] years, 54.9% were 
female, 60.7% were married, the mean years of formal edu-
cation was 5.2 (SD = 4.1), the mean MMSE score was 25.3 

(SD = 4.1), the mean BMI was 28.0 (SD = 5.2), the mean 
SPPB score was 9.0 (SD = 1.4), and the most common medical 
conditions were hypertension, arthritis, and diabetes (Table 1).

Baseline characteristics of the sample by depressive symp-
toms are presented in Table 1. Overall, 1304 (84.4%) partici-
pants reported a CES-D score < 16 and 241 (15.6%) reported 
a CES-D score ≥ 16. Participants with CES-D ≥ 16 compared 
to those with CES-D < 16 were significantly more likely to be 
female (71.4% vs. 51.9%), to be unmarried (53.1% vs. 62.0%), 
to have lower mean years of formal education (4.5—SD = 3.5 
vs. 5.3—SD = 4.2), to have a lower mean SPPB score (8.6—
SD = 1.4 vs. 9.1—SD = 1.4), and, in women, to have lower 
mean handgrip strength (19.8—SD = 5.7 vs. 21.0—SD = 6.0). 
Lastly, participants with a CES-D score ≥ 16 were also sig-
nificantly more likely than those with a CES-D score < 16 to 
report co-morbid conditions such as hypertension (48.9% vs. 
40.2%), arthritis (47.3% vs. 33.8%), and diabetes (26.9% vs. 
20.9%).

Table 2 shows the Generalized Estimation Equation for low 
physical performance (SPPB < 7) as a function of depressive 
symptoms over a 20-year period. Participants with CES-D ≥ 16 
had an odds ratio of 1.53—95% Confidence Interval 
(CI) = 1.27–1.84 of developing low physical performance over 
time compared to those with CES-D < 16, after controlling 
for all covariates. Older age (OR = 1.06, 95% = 1.04–1.08), 
high BMI (OR = 1.03, 95% = 1.02–1.05), arthritis (OR = 1.35, 
95% = 1.15–1.59), diabetes (OR = 1.35, 95% = 1.12–1.63), 
and hip fracture (OR = 2.29, 95% = 1.35–3.89) predicted low 
physical function over time. Participants who scored high in 
handgrip strength (OR = 0.95, 95% = 0.94–0.96) and MMSE 
(OR = 0.93, 95% = 0.91–0.95) were less likely to develop low 
physical performance over time. When we analyzed SBBP as a 
continuous score, we found that those with CES-D ≥ 16 experi-
enced greater decline in the SPPB (estimate = − 0.92, Standard 
Error = 0.10, p-value < 0.0001) than those with CES-D < 16, 
after controlling for all covariates.

Figure 1a, b shows the unadjusted and adjusted, respec-
tively, means for SPPB score as a function of depressive 
symptoms over a 20-year follow-up period. Participants 
with CES-D ≥ 16 and CES-D < 16 showed similar pat-
terns of decline, but those with CES-D ≥ 16 had a steeper 
decline than those with CES-D < 16 after wave 6, suggesting 
that the effect of depressive symptoms on physical perfor-
mance is higher as participants became very old. In those 
with CES-D < 16, the line tends to stabilize in the last two 
follow-ups.

Discussion

This study examined the effect of depressive symptoms on 
physical performance over 20 years of follow-up among 
older Mexican Americans who scored moderate to high 
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in the SPPB test and reported no limitations in activities 
of daily living at baseline. Our findings showed that those 
with CES-D ≥ 16 were 1.5 times more likely to develop low 

Table 1   Baseline descriptive 
characteristics of the sample 
by depressive symptoms 
(N = 1545)

CES-D center for epidemiologic studies depression scale, SD standard deviation, SPPB short physical per-
formance battery, MMSE mini-mental state examination, BMI body mass index

Variables Overall N (%) CES-D < 16 N (%) CES-D ≥ 16 N (%) p-value

Total 1545 1304 (84.4) 241 (15.6)
Age (years), mean ± SD 72.0 ± 5.5 72.1 ± 5.5 71.4 ± 5.3 0.0730
Gender
 Female 849 (54.9) 677 (51.9) 172 (71.4) < 0.0001
 Male 696 (45.1) 627 (48.1) 69 (28.6)

Marital status (married) 937 (60.7) 809 (62.0) 128 (53.1) 0.0092
Education (years), mean ± SD 5.2 ± 4.1 5.3 ± 4.2 4.5 ± 3.5 0.0050
SPPB score, mean ± SD 9.0 ± 1.4 9.1 ± 1.4 8.6 ± 1.4 < 0.0001
Male Grip Strength (kg), mean ± SD 31.7 ± 7.8 31.8 ± 7.7 30.8 ± 7.8 0.3469
Female Grip Strength (kg), mean ± SD 20.7 ± 6.0 21.0 ± 6.0 19.8 ± 5.7 0.0205
Cognition (MMSE), mean ± SD 25.7 ± 3.9 25.8 ± 3.8 25.4 ± 3.9 0.1436
BMI, mean ± SD 27.7 ± 5.0 27.6 ± 5.0 28.1 ± 5.1 0.2251
Hypertension 642 (41.6) 524 (40.2) 118 (48.9) 0.0111
Arthritis 555 (35.9) 441 (33.8) 114 (47.3) < 0.0001
Diabetes 337 (21.8) 272 (20.9) 65 (26.9) 0.0348
Heart Attack 141 (9.1) 123 (9.4) 18 (7.5) 0.3308
Stroke 52 (3.4) 46 (3.5) 6 (2.5) 0.4117
Cancer 75 (4.9) 60 (4.6) 15 (6.2) 0.2815
Hip Fracture 30 (1.9) 25 (2.0) 5 (2.1) 0.8707

Table 2   Generalized Equation Estimation model for low physical 
function (SPPB < 7) as a function of depressive symptoms over a 
20-year period (N = 1545)

SPPB short physical performance battery, OR odds ratio, CI confi-
dence interval, CES-D center for epidemiologic studies depression 
scale, MMSE mini-mental state examination, BMI body mass index

Predictor variables OR (95% CI) p-value

Time (years) 1.12 (1.09–1.14) < 0.0001
Depressive symptoms (CES-D ≥ 16) 1.53 (1.27–1.84) < 0.0001
Age (years) 1.06 (1.04–1.08) < 0.0001
Sex (female) 0.95 (0.76–1.20) 0.6872
Marital status (married) 1.02 (0.85–1.22) 0.8271
Education (years) 0.99 (0.97–1.02) 0.5315
Grip strength 0.95 (0.94–0.96) < 0.0001
Cognition (MMSE) 0.93 (0.91–0.95) < 0.0001
BMI 1.03 (1.02–1.05) 0.0001
Hypertension 0.90 (0.76–1.07) 0.2454
Arthritis 1.35 (1.15–1.59) 0.0002
Diabetes 1.35 (1.12–1.63) 0.0018
Heart attack 1.30 (0.96–1.76) 0.0865
Stroke 0.94 (0.66–1.34) 0.7354
Cancer 1.08 (0.79–1.47) 0.6366
Hip fracture 2.29 (1.35–3.89) 0.0021

CES-D= Center for Epidemiologic Studies Depression Scale. 

CES-D= Center for Epidemiologic Studies Depression Scale.
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Fig. 1   a Unadjusted means for short physical performance battery 
(SPPB) score as a function of depressive symptoms over a 20-year 
follow-up period. (N = 1545). b Adjusted means for short physical 
performance battery (SPPB) score as a function of depressive symp-
toms over a 20-year follow-up period. (N = 1545). CES-D center for 
epidemiologic studies depression scale
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physical performance (SPPB < 7) over time, after control-
ling for all covariates. The rate of decline in the SPPB was 
0.92 units per year greater among those with CES-D ≥ 16 
compared to those with CES-D < 16. Arthritis, diabetes mel-
litus, hip fracture, and BMI were identified as risk factors 
of low physical function over time. Participants with greater 
handgrip strength and higher total MMSE scores were less 
likely to experience low physical performance over time.

The findings of this study are similar to those from the 
EPESE and the Longitudinal Aging Study Amsterdam stud-
ies [18, 19]. Participants in the Longitudinal Aging Study 
Amsterdam study with emerging depression and chronic 
depression experienced a decrease in SPPB scores by 1.30 
and 1.12, respectively, over a 3-year follow-up period [18]. 
Participants in the EPESE study who had depressive symp-
toms were 1.55 times more likely to experience decline in 
physical performance over 4 years of follow-up [19].

Several mechanisms may explain the relationship between 
depressive symptoms and physical performance in this pop-
ulation. Those with depressive symptoms might be likely 
to score lower on the SPPB, since depression is associated 
with a decline in systemic physical functioning [38]. Depres-
sive symptoms can cause poor appetite, lower BMI, poor 
participation in rehabilitation, poor medication adherence, 
decreased physical activity, impaired immunological func-
tion, and increased sleep disturbances, all of which promote 
physical disability and physical decline [39–41]. Studies 
have shown increased levels of biomarkers of inflamma-
tion and oxidative stress in those with depression, [42–44] 
which has been found associated with poor physical perfor-
mance [45]. Because depression can cause low motivation 
and energy, those with more depressive symptoms could be 
less motivated to perform their best on physical function 
tests [46]. Depression may increase somatic symptoms such 
as fatigue and pain, which limit cognitive functioning and 
undermine the effort needed to maintain physical function 
over time [47]. Factors such as increased fear of falling and 
social isolation produced by depression among older adults 
have also been shown to contribute to the development of 
depressive symptoms and physical decline [48, 49].

Although decline in physical function is a common 
feature in aging adults, several studies have evaluated 
the effect of interventions such as physical exercise on 
depressive symptoms and physical performance [50, 51]. 
One study from the Lifestyle Interventions and Independ-
ence For Elders Pilot study reported that participants with 
mild or severe depressive symptoms undergoing moderate 
intensity physical activity had a greater increase in SPPB 
score and reduction in depressive symptoms over the 
6-month intervention compared to participants with mild 
depressive symptoms in the control group [50]. Another 
study reported that older Mexican American adults 
undergoing 4 weekly 1-h group-based exercise classes 

targeting strength training, endurance, balance, and flex-
ibility displayed decreases in CES-D score at 12 months 
and 24 months when compared to baseline values [51]. 
Therefore, physical activity should be encouraged in older 
adults with depressive symptoms who are at risk of decline 
in physical performance.

Our study has some limitations. Data concerning medi-
cal conditions and depressive symptoms were self-reported, 
which may lead to greater recall bias than with physician 
assessment [52]. Since our study used the CES-D scale as 
a screening tool for depressive symptoms, our findings are 
not generalizable to individuals clinically diagnosed with 
depressive mood disorders [30]. Medical conditions such as 
chronic obstructive pulmonary disease, asthma, and Parkin-
son’s disease were not included in the baseline survey. Our 
findings are also not generalizable to the larger Hispanic 
population in the U. S. Participants excluded from the study 
were less healthy compared to those included, which might 
have resulted in underestimating the relationship between 
depressive symptoms and physical performance. Despite 
these limitations, our study has several strengths; objective 
measures of SPPB and handgrip strength tests, the use of 
a large population-based sample of community-dwelling 
older Mexican Americans, an underserved population with 
distinct healthcare-related risk factors, such as less access 
to healthcare services, poorer health outcomes, and lower 
health literacy [22]. Other strengths include having a fol-
low-up period of 20 years, and longer than that of previous 
research, including both male and female participants.

Conclusion

In our study, we found that depressive symptoms were 
highly predictive of low physical performance (SPPB < 7) 
score in older Mexican Americans, after controlling for sev-
eral covariates. Future research with larger sample sizes and 
longer study periods is needed to confirm our findings in 
other racial/ethnic population-based studies and provide a 
better understanding of the effect of depressive symptoms 
on physical performance in older Mexican Americans and 
the general population.
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