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Background—The burden of depression among Hispanics/Latinos indicates the need to identify 

factors related to depressive symptoms. This paper examines the relationship of physical activity 

(PA) and sedentary behavior (SB) with depressive symptoms in Hispanic/Latinos.

Methods—The Hispanic Community Health Study / Study of Latinos (HCHS/SOL) is a 

population-based, cohort study of Hispanic/Latinos in 4 United States metropolitan areas. 

Objectively measured PA was coded into: sedentary behavior (SB), light-intensity (LPA), 

moderate-intensity (MPA), and vigorous-intensity (VPA); and the Center for Epidemiological 

Studies Depression Scale-10 assessed depressive symptoms. Multiple regression analysis utilizing 

isotemporal substitution, adjusted for relevant covariates, examined PA as predictors of depressive 

symptoms.

Results—Substitution of 1 hour of SB with VPA resulted in a significant decrease in depressive 

symptoms (β = −1.215, P = .021). Similar decreases were observed when VPA replaced LPA (β = 

−1.212, P = .021) and MPA (β = −1.50 P = .034). MPA and LPA were not associated with lower 

depressive symptoms.

Conclusions—Previous research has focused on the relationship of MVPA on depressive 

symptoms. Our results suggest these constructs should be examined separately as they may have 

unique relationships with depressive symptoms. The association of SB with greater depressive 

symptoms confirms previous reports.
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Depressive disorders affect approximately 10% of the population in the United States 

annually, with a lifetime prevalence of 10% in men and 15% in women.1 The prevalence of 

depressive disorders may be even greater among the United States Hispanic/ Latino 

population, and appears to vary across Hispanic/Latino backgrounds.1–7 Major Depressive 

Disorder (MDD) is related to poor physical health outcomes8 including increased rates of 

type II diabetes and cardiovascular disease, which are both major health concerns among 

Hispanic/Latinos.9,10 Even among individuals who do not meet diagnostic criteria for a 

depressive disorder, subsyndromal depressive symptoms have negative influences on health 

as they are associated with functional impairment,11,12 higher rates of disability,13 increased 

social dysfunction,12,14 and an increased risk of future depressive disorders.15

Inadequate access to health care further exacerbates the negative health consequences of 

depressive disorders in Hispanic/Latinos. Among Hispanics/Latinos, MDD is under-

diagnosed, less likely to be treated, and more likely to have treatment discontinued.16–19 

These factors highlight the need to more clearly identify factors associated with the 

depressive disorders in the Hispanic/Latino population. In addition, lifestyle factors are 

known to be associated with the prevalence and incidence of depressive disorders. For 

example, previous epidemiological studies report a beneficial association of physical activity 

with depressive disorders.20–23

Despite this evidence, gaps in the knowledge base remain. Many of these previous studies 

relied on self-reported PA, which may bias the reported associations.24 Another unanswered 
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question is how specific physical activity intensities are related to depressive symptoms. 

Recent research has described the detrimental effects of sedentary behavior (SB) on a variety 

of disease outcomes;25 however, only 1 prior population-based study has examined the 

concurrent associations of PA and SB with depressive symptoms.26 Previous research has 

also failed to account for the interrelationships between PA intensities, namely the fact that 

an increase in time spent in one intensity of PA requires a simultaneous reduction in another. 

Finally, no population-based studies have been conducted in a Hispanic/Latino sample.

The Hispanic Community Health Study / Study of Latinos (HCHS/SOL), a prospective, 

population-based, cohort study of 16,415 Hispanic/Latinos in the United States, provides a 

unique opportunity to further examine the relationship between PA and depressive 

symptoms. This paper examines the relationship of objectively measured PA with depressive 

symptoms in a diverse Hispanic/Latino sample. We used isotemporal substitution 

models27,28 to concurrently evaluate all intensities of activity (sedentary behavior [SB], light 

[LPA], moderate [MPA], and vigorous [VPA]). We hypothesized that substitution of SB with 

LPA, MPA, and VPA would be associated with lower depressive symptoms. Furthermore, 

we examined age and body mass index (BMI) as potential moderators of this relationship 

given that these factors have been associated with higher depressive symptoms29,30 and the 

relationship of PA/SB with depressive symptoms may differ as a function of these factors.

Methods

HCHS/SOL Overview

HCHS/SOL participants were Hispanic/Latino men and women, age 18 to 74 years at time 

of recruitment. Participants were enrolled between 2008 and 2011 from 4 metropolitan areas 

in the United States (Miami, FL; Bronx, NY; Chicago, IL; San Diego, CA). Recruitment was 

implemented through a 2-stage area probability design utilizing probability sampling within 

the selected census tracts. Participants provided written informed consent using IRB 

approved documents, completed interviewer administered questionnaires, and underwent a 

clinical examination at their respective field centers, which lasted approximately 6.5 hours. 

A comprehensive description of the study design, cohort selection, and assessment schedule 

can be found elsewhere.31,32

Outcome Measures

Depressive Symptoms—Depressive symptoms were assessed using the Center for 

Epidemiological Studies Depression Scale 10 [CES-D-10].33 Scores on this 10-item scale 

range from 0 to 30 with higher scores indicating greater severity of depressive symptoms. 

The CES-D-10 has shown excellent criterion validity and reliability in diverse samples34,35 

including the HCHS/SOL sample.36

Physical Activity—Objectively measured PA was assessed using the Actical B-1 version 

accelerometer (model 198-0200-03; Respironics Co. Inc., Bend, Oregon). Prior studies have 

shown the Actical to have acceptable technical reliability.37,38 Participants were instructed to 

undertake usual activities for 7 days while wearing the monitor, and to remove it only for 

swimming, showering, and sleeping. Nonwear time, determined using the Choi algorithm,39 
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was defined as at least 90 consecutive minutes of zero counts, with allowance of 1 or 2 

minutes of nonzero counts if no counts were detected in a 30 minute window upstream and 

downstream of the 90 minute period. Minute-by-minute activity counts were coded into 4 

categories: SB (<100 cts/min), LPA (100–1534 cts/min), MPA (1535–3961 cts/min), and 

VPA (≥3962 cts/min), based on previously used accelerometer cut-points.40,41 

Accelerometer data were only included for participants who provide 3 adherent days of data 

(defined as at least 10 hours of wear time) and accelerometer data were excluded from the 

analysis for participants who averaged greater than 20 hours of wear time per day. Weekend 

days were not included as a requirement as the majority of the sample (88%) provided at 

least 1 weekend day and there was no difference in PA level between weekend and 

weekdays.42 Of the 16,415 HCHS/SOL participants, 91.6% (N = 15,153) returned the 

accelerometer, and 67.7% (N = 11,116) provided analyzable data, defined as at least 3 

adherent days with 10 or more hours of wear time and less than 20 hours of average daily 

wear time.

Additional Covariates

Demographic covariates included: age, sex, Hispanic background group (Cuban, Mexican, 

Puerto Rican, Dominican, Central American, and South American), BMI, household income 

level, and education level. Additional covariates included recruitment site, physical health 

assessed by the SF-12,43 general familial social support (defined as regular contact with 

immediate family and the number of extended family members with whom they feel close) 

assessed by a modified version of the Social Network Index,44 and acculturation assessed by 

the social and language subscales of the Short Acculturation Scale for Hispanic/Latinos.45 

These covariates were selected as they have been associated with depressive symptoms.

Statistical Analysis

Multiple regression analyses were conducted with depressive symptoms as the outcome and 

time spent engaging at each PA intensity as predictors to examine the associations between 

PA and depressive symptoms. For all models, PA and SB variables were divided by 60. 

Results are therefore interpreted as unit change in CES-D-10 score per 60-minute change in 

activity. To aid interpretation, continuous covariates were mean-centered; SB and LPA were 

centered at 8-hours per day and wear-time was centered at 16-hours per day. All statistical 

models were adjusted for age, sex, Hispanic/Latino background group, recruitment site, 

BMI, income, education, acculturation, social support, and physical health. All analyses 

accounted for stratification, clustering, and sampling weights using complex survey 

procedures in SAS v9.3 or Mplus version 7.1 (Muthen & Muthen, 1998–2003). Missing data 

were handled using full information maximum likelihood, allowing the entire study sample 

to be included in the analysis, regardless of missing data.46

Associations between each PA intensity and depressive symptoms were examined in 3 linear 

regression models. Model 1, the single-factor model, examined the association between each 

individual PA intensity (sedentary, light, moderate or vigorous) and depressive symptoms, 

controlling for total wear-time and covariates. Model 2, the partition model, examined the 

effect of time spent engaging in each intensity while holding time spent in other intensities 

constant and controlling for covariates, but did not adjust for total wear-time. Regression 
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coefficients (betas) for each intensity correspond to the effect of a 60-minute increase in that 

intensity (and total wear-time) while holding time at other intensities constant.

Model 3, the isotemporal model, examined the effect of substituting time spent at one 

intensity for time spent at other intensities while holding total wear-time constant. Because 

total time is held constant, increased time at one intensity simultaneously implies a decrease 

of an equivalent amount of time at a different intensity. In isotemporal models, the intensity 

being displaced or decreased is omitted, and is represented by the total wear-time variable. 

The coefficient for each included intensity corresponds to the effect of substituting 60-

minutes of that intensity for 60-minutes of the omitted intensity while holding total time 

constant. Isotemporal models allow for the examination of heterogenous associations of PA 

intensities with depressive symptoms that vary according to the intensity being displaced.

Moderation analyses were also conducted to determine if associations varied as a function of 

BMI or age (both examined as continuous variables), in the single variable and partition 

models. Significance of the association of each domain of PA with depressive symptoms was 

evaluated with a criterion of P < .05. To control for the potential effects of multiple testing, 

interaction terms were evaluated with a criterion of P < .01.

Results

Descriptive characteristics, weighted to represent the 2010 Hispanic/ Latino target 

population, are presented in Table 1.

Table 2 presents the results from the single variable and partition models. In the single 

variable model, only vigorous PA was associated with depressive symptoms (β = −0.936, P 
= .041). In the partition model, vigorous PA (β = −1.095, P = .038) and sedentary time (β = 

0.12, P = .003) were associated with depressive symptoms. Moderating effects of BMI and 

age were evaluated in the single variable and partition models. None of these analyses were 

significant at the predetermined P < .01 level.

In the isotemporal models (Table 3), replacing SB with VPA resulted in a significant 

decrease in depressive symptoms (β = −1.215, P = .021). Similar effects were observed 

when VPA replaces LPA (β = −1.212, P = .021) and MPA (β = −1.50 P = .034).

Discussion

This paper represents the first use of isotemporal substitution models to examine the 

relationship of PA with depressive symptoms. Our results indicate a consistent relationship 

between VPA and lower depressive symptoms among Hispanic/Latino adults supporting our 

initial hypothesis. Also consistent with our initial hypothesis, SB was associated with greater 

depressive symptoms in the partition model. However, results of the isotemporal analysis 

indicate that SB is only associated with increased depressive symptoms when it replaces 

VPA. In contrast to our initial hypothesis, LPA and MPA were not associated with lower 

depressive symptoms. In fact, in the isotemporal models replacement of LPA or MPA with 

VPA was associated with lower depressive symptoms, while replacement of SB with LPA or 

MPA did not result in significantly different depressive symptoms.
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In the only previous population-based examination of objectively measured PA and 

depressive symptoms, Vallance et al26 report a significant inverse relationship of MVPA 

with depressive symptoms in an examination of the 2005–2006 National Health and 

Nutrition Examination Survey (NHANES). Our approach differed by separating MPA and 

VPA and our results support this distinction, as VPA was significantly associated with lower 

depressive symptoms while no association was observed with MPA. While the difference in 

analytic approach is likely the primary reason for the differing results, alternative 

explanations are plausible. Classification of activity intensity using objective measurement 

includes some margin of error. Variations in activity classification have been identified when 

comparing normal-weight and overweight individuals.47,48 This may be particularly relevant 

to our analysis, as over 75% of our sample was either overweight or obese. Similarly, 

Hooker et al48 identified an optimal cut-point of 1065 (vs. the 1535 used in our analysis) to 

distinguish between LPA and MPA in middle-aged and older adults. Another consideration 

in examining the relationship between PA and depressive symptoms is the context in which 

PA occurs. Previous research suggests that PA context (ie, leisure vs. occupational) may 

influence the psychological effects of the activity.49 Bustamante et al50 report higher levels 

of household PA was associated with higher depressive symptoms among Hispanic older 

adults. Therefore, the objectively measured MPA in our analysis may reflect different 

activities, such as occupational activity, that negatively impact depressive symptoms. Finally, 

our study also examined the relationship between PA and depressive symptoms in a solely 

Hispanic/Latino sample, whereas Vallance et al used a representative sample of the entire 

U.S. population.

The relationship of SB with greater depressive symptoms has been observed with self-

reported SB in a sample of Latinos51 and with objectively measured SB in a nationally-

representative sample.26 Our reported positive association of objectively measured SB with 

depressive symptoms in the partition model is in agreement with similar models reported by 

Vallance et al.26 However, our isotemporal analyses revealed that SB was only related to 

depressive symptoms when it was replacing VPA. Furthermore, Vallance et al observed that 

this relationship was moderated by BMI such that the positive relationship between SB and 

depression was present only in those who were overweight/obese. The interaction between 

SB and BMI was not significant in our analyses indicating the relationship between SB and 

depressive symptoms is consistent across BMI groups in our sample.

Conclusions drawn from these findings must take into consideration the study’s limitations 

and strengths. The cross-sectional nature of the data does not allow for determination of 

causality. We cannot conclude whether engaging in VPA results in a decrease in depressive 

symptoms or, conversely, if the presence of depressive symptoms results in less engagement 

in VPA. The observed relationship between PA and depressive symptoms may also be 

influenced by other unassessed factors. For example, DeMoor et al52 suggest associations 

between PA and depressive symptoms may be due to common genetic factors. The CES-

D-10 is frequently used to assess the presence and severity of depressive symptoms in 

population-based studies; however, it is not a diagnostic tool and therefore unable to identify 

true cases of depressive disorders. While high scores on the CES-D-10 are often related to a 

depressive disorder, they can also be related to medical illnesses that contribute to the 

somatic symptoms often observed in depressive disorders. We address this concern by 
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including physical health as a covariate in our analyses. Finally, the use of psychoactive 

medications was not included as a covariate in the current analysis. These limitations are 

balanced by several strengths in the study design. The analysis utilizes a large sample, 

representative of the Hispanic/Latino population in the 4 major U.S metropolitan areas. 

Furthermore, the use of accelerometers allowed for examination of the association of 

objectively measure PA with depressive symptoms. Finally, our analysis is the first to use the 

isotemporal approach to assess how the relationship of each intensity of PA with depressive 

symptoms is influenced by other PA intensities.

It is important to distinguish our results and previous cross-sectional analyses from those of 

randomized controlled trials (RCTs) examining the antidepressant effect of an exercise 

intervention. RCTs consistently demonstrate reductions in depressive symptoms in 

individuals with significant baseline levels of depressive symptoms following an 

intervention of moderate or vigorous aerobic exercise.53 Additionally, evidence suggests 

benefits to physical activity prior and during other depression treatment.54 One interpretation 

of our results is that the PA-depression relationship might differ in Hispanic/Latinos 

compared with other ethnic groups. Prior research has noted ethnic differences in 

physiological response to exercise;55,56 however, none of the RCTs conducted to date have 

examined exercise as a treatment of depression in a Hispanic/Latino sample. Therefore, the 

potential moderating effect of ethnicity needs to be explored in future RCTs of exercise for 

the treatment of depression.

In summary, our findings highlight a significant relationship of VPA with depressive 

symptoms, which is consistent with previous work across race/ethnic groups and study 

methodologies. Our findings differ from previous research, as we found no significant 

association of objectively measured MPA with depressive symptoms. While previous 

research has focused on the relationship of MVPA on depressive symptoms, our results 

suggest that these constructs should be examined separately as they may have unique 

impacts on depressive symptoms. Further research is also needed to determine whether our 

findings are the result of differing methodologies or if these findings represent a unique 

difference related to Hispanic/Latino ethnicity.
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Table 1

Weighted Sample Characteristics

Variable Mean SE

Age (years) 41.06 0.25

Female (%) 52.13 0.54

CES-D Depressive Symptoms 7.00 0.08

Objective Physical Activity*

 Light (min/day) 217.53 1.56

 Moderate (min/day) 19.51 0.37

 Vigorous (min/day) 2.53 0.12

 Sedentary (min/day) 671.93 3.33

Body Composition (BMI)

 Underweight (%) 1.36 0.14

 Normal Weight (%) 22.03 0.51

 Overweight (%) 37.10 0.60

 Obese (%) 39.39 0.67

SF-12 Physical Health 49.96 0.14

Social Support

 # of immediate family 3.74 0.02

 # of extended family 5.44 0.04

Household Income

 < $20,000 (%) 41.85 0.87

 $20,000–50,000 (%) 36.88 0.67

 > $50,000 (%) 11.70 0.77

 Missing/declined (%) 9.57 0.39

Education Level

 < High School (%) 32.35 0.71

 High School (%) 28.20 0.55

 > High School (%) 39.46 0.81

Hispanic Origin

 Mexican (%) 37.37 1.64

 Cuban (%) 20.02 1.68

 Puerto Rican (%) 16.15 0.79

 Dominican (%) 9.94 0.71

 Central American (%) 7.40 0.55

 South American (%) 4.98 0.32

 More than 1/Other (%) 4.13 0.28

Short Acculturation Scales

 Social subscale 2.24 0.01

 Language subscale 2.13 0.02
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