
Received: 6 April 2023 | Revised: 25 June 2023 | Accepted: 20 July 2023

DOI: 10.1002/hsr2.1473

OR I G I NA L R E S E A R CH

Increased vigorous exercise and decreased sedentary
activities are associatedwith decreased depressive symptoms
in United States adults: Analysis of The National Health and
Nutrition Examination Survey (NHANES) 2017–2020

Alexander A. Huang1 | Samuel Y. Huang2

1Northwestern University Feinberg School of

Medicine, Chicago, Illinois, USA

2Virginia Commonwealth University School of

Medicine, Richmond, Virginia, USA

Correspondence

Samuel Y. Huang, Virginia Commonwealth

University School of Medicine, Richmond, VA,

USA.

Email: huangs8@vcu.edu

Abstract

Background and aims: Depression is a major public health concern that affects over

4% of the global population. Identification of new nonpharmacologic recommenda-

tions will help decrease the burden of disease. The overarching of this study was to

examine the association between physical activity and depressive symptoms in a

large sample of adults in the United States.

Methods: Presently, researchers utilized data from the National Health and Nutrition

Examination Surveys (NHANES 2017–2020), which is a retrospective, complex,

multistage, representative, and modern cohort of the United States. Adult patients

( > 18 years; N = 8091) with complete 9‐item Patient Health Questionnaire (PHQ‐9)

information were included in the study. The PHQ‐9 is a well‐validated survey,

per literature, scores ≥10 are considered to have clinically relevant depression.

Univariable and multivariable logistic regression was fit for active and sedentary

activities on clinical depression (PHQ‐9 ≥ 10). The acquisition and analysis of the

data within this study were approved by the National Center for Health Statistics

Ethics Review Board.

Results: After adjusting for potential confounders like age, race, sex, and income, we

found that increased vigorous exercise was associated with lower rates of

depressive symptoms. Each extra day of vigorous exercise was associated with

11% decreased odds of depression (odd ratio [OR]: 0.89, confidence interval [CI]:

0.83–0.96, p < 0.01). Increased sedentary activity was associated with increased

depression. Each extra hour per day of sedentary activity was associated with a 6%

increase in odds of depression (OR: 1.06, (1.02–1.10, p < 0.01).

Conclusion: To conclude, exercise appears to be protective against depressive

symptoms; however, further prospective studies are required to ascertain whether

exercise causes decreased depressive symptoms.
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1 | INTRODUCTION

Depression is a prevalent mental health condition that affects more than

4% of the global population and is a leading cause of disability and

nonfatal health loss worldwide.1 In the United States, depression has a

lifetime prevalence of 21.6%, making it the most common psychiatric

illness in the country.2–4 It is characterized by persistent feelings of

sadness, loss of interest or pleasure, and a range of cognitive and physical

symptoms. The impact of depression extends beyond individual suffering,

as it is associated with increased risks of suicide, generalized anxiety

disorder, cardiovascular disease, cancer, diabetes, infection, and pre-

mature mortality compared to the general population.5 The economic

costs associated with depression and related conditions, such as days lost

from work, are substantial and projected to rise in the coming years. This

high prevalence, coupled with the significant burden it imposes on

individuals and society, underscores the importance of understanding and

addressing this condition.

Numerous studies have explored various factors associated with

depression, including demographic factors such as age, sex, genetics,

race/ethnicity, and family history.6 However, since these factors are

often immutable, lifestyle interventions alone may not effectively

mitigate depression.7 Consequently, there is an urgent need to

identify modifiable risk factors to alleviate the burden of depression

on society.8 The current focus of treatment for depression primarily

revolves around pharmacological interventions, such as antidepres-

sant medications, and psychological therapies, including cognitive

behavioral therapy. While these approaches can be effective, they

may not work for everyone, and dropout rates and side effects can

pose challenges to treatment adherence and efficacy.9 Given the

wide‐ranging impact of depression and the limitations of existing

treatment options, there is a growing recognition of the need to

identify modifiable risk factors that can contribute to the prevention

and management of depression. Lifestyle behaviors, particularly

physical activity, and exercise, have emerged as potential factors

that can play a role in reducing the risk of developing depression,

alleviating depressive symptoms, and improving overall well‐being.10

Understanding the relationship between exercise, sedentary activi-

ties, and depression is crucial for developing targeted interventions

and strategies to improve mental health outcomes.11

The association between physical activity and depressive symptoms

is thought to be mediated through several biological mechanisms.

Physical activity stimulates the release of endorphins, which are

neurotransmitters associated with improved mood.12 Physical activity

promotes the production of neurotrophic factors like Brain‐Derived

Neurotrophic factors (BDNF), which support neuronal growth and

synaptic plasticity.13 Additionally, physical activity reduces inflammation

and oxidative stress, both of which are linked to depression.14 Moreover,

exercise and social activities associated with physical activity can enhance

self‐esteem and social support, positively impacting mental well‐being.

While further research is needed to establish causal relationships,

understanding these potential mechanisms is important for developing

interventions to improve mental health.

The current treatment of depression relies on both psycho-

therapy and pharmacologics with a grade 2b recommendation for

either as monotherapy. Pharmacologics include classes such as

selective serotonin reuptake inhibitors (SSRIs), selective nor-

epinephrine reuptake inhibitors (SNRIs), atypical antidepressants,

and less often tricyclic antidepressants for concerns of adverse

effects.2,15 Guidelines for supportive care for depression include

relaxation, positive activities, and exercise, however, with evidence‐

based upon low‐quality randomized controlled trials. Our research

adds to the body of evidence that exercise, indeed can be used to

benefit patients with major depression.16,17 Proposed biological

underpinnings follow the catecholamine hypothesis in that exercise

releases serotonin, norepinephrine, and epinephrine to improve

clinical outcomes.18,19 Other proposed mechanisms include activat-

ing cascades that improve mood (IGF‐1, Irisin pathway, ERK).20

Despite the existing body of research on the relationship between

exercise, sedentary behaviors, and depression, many studies suffer from

limitations such as small sample sizes and failure to distinguish between

different exercise intensities, particularly vigorous and moderate levels.21

Similarly, studies investigating the link between sedentary behaviors and

depression have been constrained by small sample sizes and other

methodological flaws. To address these limitations, the present study

aims to investigate the association between exercise, sedentary activities,

and depressive symptoms using data from the National Health and

Nutrition Examination Surveys (NHANES) 2017–2020 cohort. By utilizing

a large, nationally representative sample of adults in the United States,

this study seeks to provide a more comprehensive understanding of the

relationship between physical activity, sedentary behaviors, and depres-

sive symptoms. By examining this association, the study aims to

contribute to the identification of modifiable risk factors for depression,

potentially informing public health interventions and strategies to reduce

the burden of this mental health condition on individuals and society as a

whole.

2 | METHODS

The NHANES is a complex multistage sampling design that aims to

provide representative estimates of the US population by surveying

them on various questionnaires related to diet, demographics,
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physical examination, nutrition, and health. Patients who completed

the PHQ‐9 and the physical activity questionnaire of the NHANES

data set were the subjects of a retrospective, cross‐sectional cohort

study utilizing the publicly available NHANES. The National Center

for Health Statistics Ethics Review Board granted permission for the

study's data collection and analysis. The sample size for the NHANES

study is determined through a complex multistage sampling design

that aims to provide representative estimates of the US population.

2.1 | Data set and cohort selection

The National Center for Health Statistics (NCHS) developed the

NHANES, which has been utilized to evaluate the health and

nutritional status of the population of the United States. The Centers

for Disease Control and Prevention (CDC) carried out a series of

complex, cross‐sectional, multi‐stage surveys on a nationally repre-

sentative cohort of the population of the United States to collect data

on health, nutrition, and physical activity for the NHANES data set.

The sample size included NHANES data from 8091 adults (age ≥ 18)

with complete data for the PHQ‐9 and physical activities in this

study.

2.2 | Assessment of clinical depression

The 9‐question Patient Health Questionnaire (PHQ‐9) depression

scale, which is based on DSM‐IV depression symptoms, was used to

measure depressive symptoms. These are included in Table 1.

Patients with PHQ‐9 total scores less than 10 were considered to

have clinical depression, according to the literature, with a sensitivity

of 89% and a specificity of 89%.21

2.3 | Independent variable

A number of days per week exercise vigorous exercise and time

per day of vigorous exercise were assessed with the questions: “In

a typical week, on how many days {do you/does SP} do vigorous‐

intensity sports, fitness or recreational activities? How much time

{do you/does SP} spend doing vigorous‐intensity sports, fitness,

or recreational activities on a typical day?” Total time was

computed (hours per day), the product of the responses to both

questions.

A number of days per week exercise vigorous exercise and

time per day of vigorous exercise were assessed with the

questions: In a typical week, on how many days {do you/does

SP} do moderate‐intensity sports, fitness, or recreational activi-

ties? How much time {do you/does SP} spend doing moderate‐

intensity sports, fitness, or recreational activities on a typical day?”

Total time was computed (hours per day) as the product of the

responses to both questions.

The total sedentary activity was assessed with the question: “The

following question is about sitting at school, at home, getting to and

from places, or with friends including time spent sitting at a desk,

traveling in a car or bus, reading, playing cards, watching television, or

using a computer. Do not include time spent sleeping. How much

time {do you/does SP} usually spend sitting on a typical day.”

Patients responded with a total time in minutes per day, which

were then converted into hours per day for ease of interpretation.

TABLE 1 PHQ‐9 depression scale.

Problem
Not
at all Several days

More than half
the days

Nearly
every day

Little interest or pleasure in doing things 0 1 2 3

Feeling down, depressed, or hopeless 0 1 2 3

Trouble falling or staying asleep, or sleeping too much 0 1 2 3

Feeling tired or having little energy 0 1 2 3

Poor appetite or overeating 0 1 2 3

Feeling bad about yourself, or that you are a failure, or that you have let yourself or
your family down

0 1 2 3

Trouble concentrating on things, such as reading the newspaper or watching
television

0 1 2 3

Moving or speaking so slowly that other people could have noticed? Or the opposite,
being so fidgety or restless that you have been moving around a lot more than
usual.

0 1 2 3

Thoughts that you would be better off dead, or of hurting yourself in some way 0 1 2 3

Total ___ = ___ + ___ + ___ + ___

PHQ‐9 score ≥10: Likely major depression

Abbreviation: PHQ‐9, 9‐question Patient Health Questionnaire.
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Exercise intensity was rated as sedentary, moderate, or vigorous.

Demographic covariates that may be confounders of age, race,

education, sex, income, and work Schedule) were controlled for in the

final analysis.

2.4 | Model construction and statistical analysis

Descriptive statistics for all patients, patients with depression, and

patients without depression were analyzed. For continuous variables,

data were expressed in the following format mean ± standard

deviation (SD), and for categorical variables, they were expressed

as proportions. For the relevant covariates on demographics and

exercise, chi‐squared was used for categorical variables for continu-

ous variables, the Shapiro–Wilk test for normality was performed and

t‐tests were performed for continuous and normally distributed

variables and non‐parametric Wilcoxon tests were utilized for non‐

normally distributed variables to compare differences amongst those

with clinical depression and those without.22 Univariable models

assessed the effect of vigorous exercise and sedentary activity on

clinical depression risk. Next multivariable models were used to

determine the effect of vigorous exercise and sedentary activity after

controlling for confounding variables (age, race, education, sex,

income, and work schedule). p‐value < 0.05 was considered statisti-

cally significant. All data analyses were conducted using R (R

Foundation Vienna).

3 | RESULTS

In Table 2, 4141 of the 8091 patients who met the inclusion criteria

were female and 3950 were male. 3893 (36%) of the patients were

white, 2153 (27%) were Black, 1771 (22%) were Hispanic, and 1274

(16%) were of other races. The mean age was 49.2 (SD = 18.31).

There were a total of 1358 patients who did not complete high

school, 1863 patients who graduated from high school but did not go

on to college, 2566 patients who attended some college, and 1910

patients who graduated from a university with four years of

education (24%). 1740 patients (22%) had jobs from 9 a.m. to 5

p.m., 706 (9%) had jobs in the early morning, 559 (7%) worked nights,

1628 (20%) had jobs that varied, and 3458 (43%) patients did not

respond in any of the other categories. Sedentary activities

accounted for 6.5 (SD = 12.57) hours per day, moderate exercise

for 1.45 (SD = 2.56) days per week, vigorous exercise for 0.24

(SD = 13.25) days per week, moderate exercise for 1.56 (SD = 6.48)

hours, and vigorous exercise for 0.86 (SD = 1.66) hours per week. On

TABLE 2 Demographic information stratified by the presence of clinically relevant depression.

Table‐1: All patients PHQ‐9 ≥ 10 PHQ‐9 < 10 p‐Values

Total individuals 8091 (100%) 559 (7%) 7532 (93%) N/A

Age (SD) 49.2 (18.31) 48.13 (17.8) 49.28
(18.35)

0.15

Female 4141 (51%) 354 (63%) 3787 (50%) p < 0.001

Male 3950 (49%) 205 (3%) 3745 (50%)

White 2893 (36%) 216 (3%) 2677 (36%) 0.35

Black 2153 (27%) 145 (2%) 2008 (27%)

Hispanic 1771 (22%) 122 (2%) 1649 (22%)

Other 1274 (16%) 76 (1%) 1198 (16%)

Less than high school 1358 (17%) 132 (2%) 1226 (16%) p < 0.001

High school 1863 (23%) 154 (2%) 1709 (23%)

Some college 2566 (32%) 178 (2%) 2388 (32%)

College graduate 1910 (24%) 64 (1%) 1846 (25%)

Other 394 (5%) 31 (0%) 363 (5%)

Income to poverty ratio (SD) 2.26 (1.75) 1.67 (1.5) 2.3 (1.76) p < 0.001

Total sedentary time (h) (SD) 6.5 (12.57) 8.7 (20.59) 6.34 (11.75) p < 0.001

Days per week of moderate exercise (SD) 1.45 (2.56) 1.12 (1.98) 1.47 (2.6) p < 0.001

Hours per week of moderate exercise (SD) 1.56 (6.48) 1.3 (3.38) 1.58 (6.66) p < 0.001

Days per week of vigorous exercise (SD) 1.24 (13.25) 0.66 (2.45) 1.28 (13.71) p < 0.001

Hours per week of vigorous exercise (SD) 0.86 (1.66) 0.49 (1.41) 0.89 (1.68) p < 0.001

Abbreviation: SD, standard deviation.

4 of 9 | HUANG and HUANG



the PHQ‐9 survey, 559 patients (or 7%) scored above 10 and were

identified as having clinically relevant depression.

InTable 3, On univariable analysis, we found that patients had an

8% lower risk of depression for each additional day of moderate

exercise per week (odds ratio [OR]: 0.92 confidence interval [CI]:

0.87–0.96, p = 0.01), and patients were 17% less likely to suffer from

depression for each additional day of vigorous exercise per week

(OR: 0.83 CI: 0.78–0.89, p < 0.02). Each extra hour of moderate

activity each week was not related with diminished gloom (OR: 0.98,

CI: 0.95–1.01, p = 0.15), but the odds of depression were 9% lower

with each additional hour of vigorous exercise per week (OR: 0.91 CI:

0.87–0.85, p < 0.01). There was a 1% increased risk of depression for

every additional hour of sedentary activity per week (OR: 1.01, CI:

1.004–1.013, p < 0.01).

In Tables 4a and 4b, 5a and 5b, and Table 6 show the

multivariable tables. The results showed that after controlling for

potential confounding covariates in multivariable analysis, patients

had a 5% lower risk of depression for each additional day of

moderate exercise per week (OR: 0.95 CI: 0.90–0.99, p = 0.02), and

patients were 12% less likely to suffer from depression for each

additional day of vigorous exercise per week (OR: 0.88 CI: 0.82–0.94,

p < 0.01). Each extra hour of moderate activity each week was not

related with diminished gloom (OR: 0.99, 0.96–1.01 CI: p = 0.36), but

there was a 6% lower risk of depression for each additional hour of

vigorous exercise per week (OR: 0.94 CI: 0.89–0.98, p < 0.01). There

was a 0.6% increased risk of depression for every additional hour of

sedentary activity per week (OR: 1.01, 1.002–1.011, p < 0.01).

4 | DISCUSSION

In this cross‐sectional cohort of United States adults, the prevalence

of depressive symptoms was higher among individuals who had

increased sedentary activity, decreased frequency of moderate and

vigorous exercise, and decreased total hours of vigorous exercise.

We found, similar to other studies, that depression was more

prevalent in females and those with increased poverty. Vigorous

activity had 9% decreased odds for depression and sedentary activity

was associated with 1% increased odds for depression These

associations persisted even after controlling for potential confound-

ing variables, such as demographic covariates such as age, sex, race,

education, income, and work schedule.

According to PHQ‐9, our findings that increased exercise

frequency and total exercise were associated with lower rates of

depressive symptoms are in line with previous research.23–25 Using

t‐tests to compare two groups, Yang performed a prospective survey

with interventions of aerobic exercise and no aerobic exercise and

found single modality aerobic exercise was statistically significant for

improving mood in both depressed and nondepressed individuals.26 A

literature search by Berk found that exercise could be a non‐

pharmacologic therapeutic modality and level of exercise intensity

plays a role in the risk of depression.9 Additionally, our findings that

more sedentary time was associated with more depressive symptoms

are in line with previous research.27,28 Werneck et. Al performed a

cross‐sectional study using patients from Southeast Brazil and found

TABLE 3 Univariable model, odds of clinical depression for each
1 increase in hours (or days) of exercise‐related or sedentary activity.

Univariable model
Odds
ratio

95% confidence
interval p‐Value

Moderate activity
(hours/week)

0.98 (0.95–1) 0.15

Moderate activity

(days/week)

0.92 (0.87–0.96) p < 0.001

Vigorous activity
(hours/week)

0.91 (0.87–0.95) p < 0.001

Vigorous activity
(days/week)

0.83 (0.78–0.89) p < 0.001

Sedentary activity
(hours/week)

1.01 (1.004–1.013) p < 0.001

TABLE 4a Multivariable model for moderate activity
(hours/week).

Covariates Odds ratio
95% confidence
interval p‐Value

Hours per week of
moderate exercise

0.99 (0.96–1.01) 0.36

Age 0.99 (0.98–0.99) p < 0.001

Race ‐ White 1‐Baseline

Race ‐ Black 0.97 (0.74–1.25) 0.79

Race ‐ Hispanic 1.13 (0.84–1.52) 0.41

Race ‐ Other 1.33 (1.06–1.67) 0.01

Education ‐ College
graduate

1‐Baseline

Education – Less than

high school

2.17 (1.55–3.07) p < 0.001

Education ‐ High
school

1.87 (1.37–2.59) p < 0.001

Education ‐ Some
college

1.69 (1.25–2.31) p < 0.001

Education ‐ Other 1.07 (0.65–1.74) 0.78

Sex ‐ Female 1‐Baseline

Sex ‐ Male 0.63 (0.53–0.76) p < 0.001

Ratio: Income to
poverty

0.88 (0.83–0.94) p < 0.001

Work: 9 a.m. to 5 p.m. 1‐Baseline

Work: Early morning 1.01 (0.63–1.59) 0.97

Work ‐ Nights 1.55 (1–2.37) 0.05

Work ‐ Variable 1.35 (0.95–1.91) 0.09

Work ‐ Other 2.94 (2.2–3.99) p < 0.001
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breaking up sedentary activity decreased depressive symptoms,

measured with the Hospital Anxiety and Depression Scale (HADS),

as well as a direct association between sedentary time and lengths of

depressive episodes.29 According to cross‐sectional research, there is

a strong link between increased regular physical activity and lower

levels of anxiety as well as depression in older adults and adolescents.

Kajtna sampled fitness centers using surveys and depression as

measured by the Personality Assessment Inventory (PAI) and Global

Physical Activity Questionnaire (GPAQ) and found a significant

association between movement and decreased depression.30 Addi-

tionally, Taylor performed a review on socioeconomic status and

mental health and found increased vigorous exercise was linked to

less emotional distress, even after controlling for social class and

health status.31 Exercise was linked to lower rates of depression

among undergraduate university students, even after age and sex

were taken into account.32 According to case reports from clinical

studies, exercise therapy may also be effective for patients with

anxiety neurosis, panic disorder, and clinical depression.33–37 The

strong correlation between increased exercise and decreased

depression has been attributed to a number of developmental,

neurobiological, and psychological hypotheses: Physical activity may

increase a person's resilience to stress‐related mental disorders by

triggering a chain reaction of neurotransmitters.33–40

4.1 | Strengths

Major strengths of our study include the sample, method of analysis,

control of confounders, and dependent variable. We utilized a large,

high‐powered sample that is representative of the US adult

population. In addition, significant confounders were appropriately

added to confirm the independence of the association between

vigorous exercise and symptoms of depression. Lastly, our dependent

variable is ascertained using the PHQ‐9 which is a standardized

metric for depression with strong concordance with independent

interviews from the psychiatrist.

TABLE 4b Multivariable model for moderate activity
(days/week).

Covariates Odds ratio
95% confidence
interval p‐Value

Days per week of
moderate exercise

0.95 (0.9–0.99) 0.02

Age 0.99 (0.98–0.99) p < 0.001

Race ‐ White 1‐Baseline

Race ‐ Black 0.97 (0.75–1.26) 0.83

Race ‐ Hispanic 1.14 (0.84–1.53) 0.39

Race ‐ Other 1.33 (1.06–1.67) 0.01

Education ‐ College
graduate

1‐Baseline

Education ‐ Less than

high school

2.09 (1.49–2.96) p < 0.001

Education ‐ High
school

1.82 (1.33–2.52) p < 0.001

Education ‐ Some
college

1.66 (1.23–2.26) p < 0.001

Education ‐ Other 1.04 (0.63–1.69) 0.88

Sex ‐ Female 1‐Baseline

Sex ‐ Male 0.63 (0.53–0.76) p < 0.001

Ratio: Income to
poverty

0.88 (0.83–0.94) p < 0.001

Work: 9 a.m. to 5 p.m. 1‐Baseline

Work: Early morning 1.01 (0.62–1.58) 0.98

Work ‐ Nights 1.55 (1–2.37) 0.05

Work ‐ Variable 1.36 (0.96–1.92) 0.08

Work ‐ Other 2.95 (2.21–4.01) p < 0.001

TABLE 5a Multivariable model for vigorous activity
(hours/week).

Covariates Odds ratio
95% confidence
interval p‐Value

Hours per week of
vigorous exercise

0.94 (0.89–0.98) 0.01

Age 0.98 (0.98–0.99) p < 0.001

Race ‐ White 1‐Baseline

Race ‐ Black 0.97 (0.75–1.26) 0.85

Race ‐ Hispanic 1.13 (0.84–1.52) 0.42

Race ‐ Other 1.31 (1.04–1.64) 0.02

Education ‐ College
graduate

1‐Baseline

Education ‐ Less than

high school

2.1 (1.5–2.98) p < 0.001

Education ‐ High
school

1.82 (1.33–2.52) p < 0.001

Education ‐ Some
college

1.66 (1.23–2.26) p < 0.001

Education ‐ Other 1.11 (0.67–1.8) 0.69

Sex ‐ Female 1‐Baseline

Sex ‐ Male 0.65 (0.54–0.78) p < 0.001

Ratio: Income to
poverty

0.89 (0.83–0.94) p < 0.001

Work: 9 a.m. to 5 p.m. 1‐Baseline

Work: Early morning 1.01 (0.63–1.59) 0.96

Work ‐ Nights 1.56 (1–2.39) 0.04

Work ‐ Variable 1.35 (0.96–1.92) 0.09

Work ‐ Other 2.95 (2.2–4) p < 0.001
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Even though there are numerous studies that show exercise

improves mental health, these studies all have similar methodological

flaws. The primary one is the low reliability of the depression

definition, which jeopardizes these findings' reproducibility. The

questionnaires or clinical judgments used in these studies vary

greatly. The well‐validated PHQ‐9 survey, which has identical

information due to the standardization of the nine questions, the

standardization of the scoring system (0–3 for each question), and

the structure of how each of the questions is asked (with detailed

instructions on the exact phrasing throughout the exam) is the

strength of our study's definition of clinical depression. A strength of

this study is its ability to provide a systematic and easily reproducible

definition of depression. Additionally, cohorts in other studies

frequently tended to be very young (adolescents, university students)

or very old. Our study's strength was a cohort that was representa-

tive of the US population, with a wide age range (18–80) and gender

and race representation. Our study investigates the relationship

between sedentary activity and physical activity. The quantity of

planned physical activities or specific interventions is often the focus

of studies in the literature. According to our research, increased

sedentary time and frequency of moderate and vigorous activity both

have an impact on depression. As a result, it's possible that more

active habits, such as taking the stairs rather than the elevator or

biking or walking to work instead of taking the train or car, also have

a positive impact.

By contrasting moderate and vigorous exercise, as well as the

frequency (days per week) and quantity (hours per week), our study

also adds to the body of knowledge. We found that vigorous exercise

was more beneficial in decreasing depressive symptoms than

moderate exercise, but no studies have divided exercise between

moderate and vigorous to distinguish between frequency and total

quantity. The total amount of time spent doing moderate exercise

was not associated with decreased depression, but the frequency of

moderate exercise was strongly associated with this. Additionally, we

found a correlation between decreased depression and an increase in

both the quantity and frequency of vigorous exercise.

TABLE 5b Multivariable model for vigorous activity
(days/week).

Covariates Odds ratio
95% confidence
interval p‐Value

Days per week of
vigorous exercise

0.88 (0.82–0.94) p < 0.001

Age 0.98 (0.98–0.99) p < 0.001

Race ‐ White 1‐Baseline

Race ‐ Black 0.98 (0.76–1.28) 0.91

Race ‐ Hispanic 1.14 (0.84–1.52) 0.4

Race ‐ Other 1.31 (1.05–1.65) 0.02

Education ‐ College
graduate

1‐Baseline

Education ‐ Less than

high school

2.01 (1.43–2.85) p < 0.001

Education ‐ High
school

1.75 (1.27–2.42) p < 0.001

Education ‐ Some
college

1.61 (1.19–2.2) p < 0.001

Education ‐ Other 1.07 (0.64–1.74) 0.8

Sex ‐ Female 1‐Baseline

Sex ‐ Male 0.66 (0.55–0.79) p < 0.001

Ratio: Income to
poverty

0.89 (0.83–0.95) p < 0.001

Work: 9 a.m. to 5 p.m. 1‐Baseline

Work: Early morning 1 (0.62–1.58) 0.99

Work ‐ Nights 1.54 (1–2.36) 0.05

Work ‐ Variable 1.35 (0.96–1.91) 0.09

Work ‐ Other 2.92 (2.18–3.97) p < 0.001

TABLE 6 Multivariable model for sedentary activity
(hours/week).

Covariates Odds ratio
95% confidence
interval p‐Value

Total sedentary
time (h)

1.01 (1–1.01) p < 0.001

Age 0.99 (0.98–0.99) p < 0.001

Race ‐ White 1‐Baseline

Race ‐ Black 0.97 (0.75–1.26) 0.82

Race ‐ Hispanic 1.14 (0.84–1.53) 0.38

Race ‐ Other 1.32 (1.05–1.66) 0.02

Education ‐ College
graduate

1‐Baseline

Education ‐ Less than

high school

2.21 (1.57–3.12) p < 0.001

Education ‐ High
school

1.89 (1.38–2.61) p < 0.001

Education ‐ Some
college

1.69 (1.26–2.31) p < 0.001

Education ‐ Other 1.07 (0.65–1.75) 0.77

Sex ‐ Female 1‐Baseline

Sex ‐ Male 0.63 (0.53–0.76) p < 0.001

Ratio: Income to
poverty

0.88 (0.83–0.94) p < 0.001

Work: 9 a.m. to 5 p.m. 1‐Baseline

Work: Early morning 1 (0.62–1.58) 0.98

Work ‐ Nights 1.55 (1–2.37) 0.05

Work ‐ Variable 1.34 (0.95–1.9) 0.09

Work ‐ Other 2.9 (2.16–3.94) p < 0.001
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4.2 | Limitations

The research has some limitations. The study has the limitations of

cross‐sectional retrospective studies in that it cannot determine the

causality or directionality of the variables, and is prone to bias from

recall and misclassification. Furthermore, the cohort relied on surveys

to acquire total exercise. More accurate measurements may have

been able to be taken with wearable technologies. However, self‐

reported survey information is required to allow patients to exercise

as normal without significantly changing their diets for a study. Self‐

reported survey information allows for the volume of participants to

be included within this study. Another weakness was the voluntary

nature of this cohort, with participants choosing to opt into the study

instead of being randomly selected. This may artificially select a

different cohort that may significantly differ from the population.

However, our analysis found a demographically diverse population,

so these results may still be generalizable to other cohorts.

5 | CONCLUSION

Advising the general population that increased frequency, total duration,

and intensity of physical activities are associated with decreased

depression can allow them to make practical choices on exercise.

Further prospective studies are needed to strengthen the relationship.
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