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Abstract  Background: Both sleep quality (SQ) and physical activity (PA) are known factors associated with 
positive health outcomes. Less is known about the extent to which both SQ and PA independently relate to 
symptoms of depression. The purpose of this study was to examine the ability of SQ and PA to predict scores from 
the patient health questionnaire (PHQ). Methods: A cross-sectional convenience sample of 6,205 adults was used 
for this study. Sleep quality was assessed using six questionnaire items asking about sleep time, sleep interruptions, 
patient-reported sleep issues, and overall sleepiness. Each sleep item was dichotomized to indicate poor sleep quality 
(PSQ) and summed to create a score from 0 (no PSQ issues) to 6 (maximal PSQ). Four different PA variables were 
used and included walking and biking for transportation activity (WBTA, min/week), moderate-to-vigorous work 
activity (MVWA, min/week), moderate-to-vigorous PA (MVPA, min/week), and sedentary time (ST, min/day). The 
nine-item PHQ served as the outcome variable with discrete scores ranging from 0 (no depression symptoms) to 27 
(maximal depression symptoms). Control variables included body mass index (BMI, kg/m2), body shape index (BSI, 
T-score), age, sex, race, and income. Statistical analyses included a series of competing generalized linear models 
appropriate for count data that included Poisson, negative binomial, and zero-inflated distributions. Finally, binary 
logistic regression was used to model zero scores on the PHQ. Results: Approximately 36.0% (95% CI: 34.8 - 37.2) 
of adults met the weekly requirements for PA guidelines and 8.2% (7.5 - 8.9) met the PHQ criteria for at least 
moderate depression. In bivariate analyses, PSQ, MVWA, and ST were positively associated and MVPA negatively 
associated with PHQ scores. The negative binomial model was the best fitting model as judged by AIC, χ2/DF ratio, 
and parsimony. The fully adjusted model indicated mean PHQ score changed by 0.92 (0.85 – 0.99) for those with 
some WBTA (compared to none), by 0.88 (0.82 – 0.95) for those in the lowest tertile of MVWA (compared to the 
highest tertile), by 0.83 (0.76 – 0.91) and 0.86 (0.80 – 0.93) for those in the lowest and middle tertiles (respectively) 
of ST (compared to the highest tertile), by 1.22 (1.13 – 1.31) for those in the lowest tertile of MVPA (compared to 
the highest tertile) and by 1.36 (1.32 – 1.39) for each one point increase in PSQ score. Finally, binary modeling of a 
zero PHQ score indicated the odds of zero changed by 1.20 (1.05 – 1.37) for the highest MVPA tertile (compared to 
lowest tertile), by 1.30 (1.11 – 1.51) and 1.26 (1.10 – 1.45) for the lowest and middle tertiles (respectively) of ST 
(compared to the highest tertile), by 0.70 (0.60 – 0.83) and 0.85 (0.74 – 0.97) for the middle and highest tertiles 
(respectively) of MVWA (compared to the lowest tertile) and by 0.64 (0.61 – 0.67) for each one point increase in 
PSQ score. Conclusion: Results from this study indicate that inadequate sleep, being active at work, and sedentary 
behavior predict depression in adults. Additionally, greater amounts of recreational activity may independently 
protect against symptoms of depression in this population. Health promotion specialists should incorporate sleep 
quality strategies into physical activity programming. 
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1. Introduction 

The prevalence of depression in 2020 was estimated at 
18.4% (95% CI: 18.1 - 18.6) among U.S. adults [1]. 
Subpopulations with larger amounts of depression include 
younger adults 18 to 24 years of age (21.5%, 20.6 – 22.5), 
women (23.4%, 22.9 – 23.8), multiracial (28.5%, 26.3 – 

30.8), and those with less than high school education 
(21.0%, 20.0 – 22.1). These statistics are particularly 
alarming since research indicates strong links between 
depression and negative outcomes such as premature 
mortality, chronic disease, disability, poor quality of life, 
and increased health care costs [2,3,4]. Depression (aka: 
major depression, major depressive disorder, or clinical 
depression) is a mental health disorder characterized by 
symptoms of persistent sadness, feelings of hopelessness, 
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irritability, frustration, guilt, lack of energy, and even 
thoughts of suicide [5]. Although treatment for depression 
can require psychotherapy and/or medication, certain 
health behaviors, such as physical activity (PA) and sleep 
quality (SQ) can improve a depressed person’s mood. 

The nine-item patient health questionnaire (PHQ-9 
hereafter PHQ) is a popular tool used to screen for 
depression in population-based surveillance and clinical 
settings [6,7,8]. Scores from the PHQ take on discrete 
values ranging from 0 to 27 where values of 5, 10, 15, and 
20 represented mild, moderate, moderately severe, and 
severe depression, respectively [9]. A cutoff score of 10 
has been suggested for the diagnosis of major depression 
and is applied regularly in the literature [9, 10].  

Since scores from the PHQ take on discrete non-
negative integers, count data models are often used to 
predict participant responses. A cursory and admittedly 
simple search in the pubmed website database using 
keyword phrases of "patient health questionnaire" and 
"Poisson regression" retrieved over 110 abstract citations 
[11]. However, replacing “Poisson” with “Negative 
binomial” retrieved fewer than 30 citations [11]. The 
negative binomial model is a type of generalized linear 
model (and a generalization of the Poisson model) also 
able to analyze count data [12,13]. The negative binomial 
model has an advantage over Poisson regression in that it 
can account for overdispersion (i.e., when the 
distribution’s variance is greater than its mean), which is a 
common characteristic especially when many zeros are in 
the data [12,13]. Thus, the negative binomial model 
should at least be considered as a competing model in 
these statistical scenarios. 

Current research supports the association between PA 
variables and depression scores from instruments like the 
PHQ [14,15,16]. Additionally, current data substantiate 
the SQ and PHQ relationship in adults [17,18]. Less is 
known, however, about the independent effects of PA and 
SQ on depression scores. Moreover, few if any studies 
have examined these independent effects on PHQ scores 
while also exploring the performance of several different 
competing count data models. Therefore, the aim of this 
study was to examine the ability of SQ and PA to predict 
scores from the PHQ using different modeling approaches.  

2. Methods 

Study design 

The research design has been explained in detail 
elsewhere [19,20]. Briefly, this study used a cross-
sectional design and collected data from 2017 to 2020. 
Participants were recruited to include a representative 
sample across different demographic characteristics and 
should be considered a sample of convenience. Data for 
this study were primarily collected using self-report 
questionnaires with body measurements assessed by 
trained medical professionals. 
Patient Health Questionnaire (PHQ) 

The PHQ is a nine-item depression symptom scale with 
an overall score ranging from 0 (not depressed) to 27 
(severely depressed). Each of the PHQ items have the 
following stem: “Over the last 2 weeks, how often have 

you been bothered by the following problems.” Specific 
items include the following difficulties: 1) little interest in 
doing things, 2) feeling down, depressed, or hopeless, 3) 
trouble falling or staying asleep, or sleeping too much, 4) 
feeling tired or having little energy, 5) poor appetite or 
overeating, 6) feeling bad about yourself, 7) trouble 
concentrating on things, 8) moving or speaking so slowly 
that other people could have noticed, and 9) thoughts that 
you would be better off dead. Participant response options 
for each item include: 0 = “not at all,” 1 = “several days,” 
2 = “more than half the days,” and 3 = “nearly every day.” 
Summing responses across the nine items yields the PHQ 
score. A binary “depressed” variable was also created 
where scores of PHQ ≥ 10 indicated depression. 
Sleep Quality (SQ) 

Six different sleep quality variables were used to create 
a poor SQ (PSQ) scale. Two items asked about usual sleep 
time (weekdays and weekends). Both sleep time items 
were dichotomized to indicate sleep quality of poor (‘1’) if 
a participant slept less than 7.0 hours per day. Two items 
asked about sleep interruptions (snoring and snorting) 
while asleep. Both sleep interruption items were 
dichotomized to indicate sleep quality of poor (‘1’) if a 
participant reported either “occasionally” or “frequently”. 
One item asked about patient-reported sleep issues to a 
health care professional. This item was dichotomized to 
indicate sleep quality of poor (‘1’) if a participant reported 
that they told a doctor or other health professional that 
they had trouble sleeping. A final item asked about the 
frequency of overall sleepiness. This item was 
dichotomized to indicate sleep quality of poor (‘1’) if a 
participant reported either “often” or “almost always”. 
Summing across the binary items of 1s and 0s served as a 
PSQ score ranging from 0 to 6. 
Physical Activity (PA) 

Four different PA variables were used and included 
walking and biking for transportation activity (WBTA), 
moderate-to-vigorous work activity (MVWA), moderate-
to-vigorous PA (MVPA), and sedentary time (ST). WBTA 
was assessed with a question that asked participants how 
much they walk or use a bicycle for traveling and 
transportation purposes in a typical week for at least 10 
minutes continuously. WBTA units were in minutes per 
day (min/week). MVWA was assessed with questions that 
asked participants to include PA such as paid or unpaid 
work, household chores, and yard work engaged in for at 
least 10 minutes continuously. Vigorous-intensity work 
activity (VWA) asked about vigorous-intensity activities 
that cause large increases in breathing or heart rate and 
included examples like carrying or lifting heavy loads, 
digging or construction work. Moderate-intensity work 
activity (MWA) asked about moderate-intensity activities 
that cause small increases in breathing or heart rate and 
included examples like brisk walking or carrying light 
loads. MVWA was computed from both VWA and MWA 
by adding MWA plus two times VWA and used units of 
min/week. MVPA was assessed from questions that asked 
participants to exclude work-related and transportation-
related PA and to include sport, fitness and recreational 
activities engaged in for at least 10 minutes continuously. 
Vigorous-intensity PA (VPA) asked about vigorous-
intensity activities that cause large increases in breathing 
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or heart rate and included examples like running or 
basketball. Moderate-intensity PA (MPA) asked about 
moderate-intensity activities that cause small increases in 
breathing or heart rate and included examples like brisk 
walking, bicycling, swimming, or volleyball. MVPA was 
computed from both VPA and MPA by adding MPA plus 
two times VPA and used units of min/week. ST was 
assessed using a single question asking participants how 
much time they usually spend sitting on a typical day, 
including school, home, transportation, and work, and 
excluded sleep. ST units were in minutes per day (min/day). 
Covariates 

Control variables used in this study included body mass 
index (BMI, kg/m2), body shape index (BSI, T-score), age, 
sex, race, and income. BMI was measured from 
participant’s height and weight with weight measured on a 
digital scale and height measured using a stadiometer. 
BMI was also categorized into tertiles for descriptive 
purposes. BSI was computed with measured study 
variables of height (cm), weight (kg), and waist 
circumference (cm) and subsequently standardized to a T-
score scale (Mean = 50 and SD = 10) [21]. Age was used as 
a continuous variable, ranging from 18 years to 80+ years. 
Sex included males and female and dummy coded when 
appropriate (1=male and 0=female). Race/ethnicity was 
used as a categorical variable and included White, Black, 
Hispanic, and Other groupings. Income was used as a 
continuous variable and computed as a ratio of the family 
income to poverty, ranging from 0 to 5. Income was also 
categorized into quartiles for descriptive purposes. 
Statistical analyses 

Descriptive statistics were computed to describe the 
sample and its characteristics. This included percentages 
and chi-square (χ2) tests for categorical data. In cases 
where categorical variables were ordinal-level, the 
Cochran-Armitage trend test was added. Numeric variables 
were also summarized across PHQ tertile groups with 
Spearman correlations, Kruskal-Wallis nonparametric 
ANOVA, and Jonckheere-Terpstra test of trend used to 
describe the bivariate relationships.  

Seven different regression models were employed and 
compared for fit. Each model was run using the SAS 
PROC GENMOD procedure and differed in terms of 
their distribution, link function, and/or zero modeling of 
covariates. The models included 1) negative binomial 
with log link, 2) zero-inflated negative binomial with log 
link, 3) zero-inflated negative binomial with log link and 
covariates added to the zero model, 4) Poisson with log 
link, 5) zero-inflated Poisson with log link, 6) zero-
inflated Poisson with log link and covariates added to the 
zero model, and 7) normal with identity link (i.e., 
ordinary regression). Model performance of the fully 
adjusted models was compared using the full log 
likelihood (FLL), Akaike information criterion (AIC), 
and Pearson chi-square (χ2) to degrees of freedom (DF) 
ratio (χ2/DF). In all cases, smaller statistics represent 
better relative model fit. Adjustments to the scale 
parameter (and standard errors) was only considered, if 
needed, for the final model. Because several different PA 
variables were modeled simultaneously, collinearity was 
inspected using SAS PROC REG and dummy variables 
exported from PROC GLMSELECT and the &_glsmod 

macro variable. Lack of multicollinearity was assessed 
using the VIF option on the fully adjusted model and all 
values were cleared (all VIFs < 2.2).  

Visual aids were also constructed using means and 95% 
confidence intervals (CIs) of the predicted PHQ score 
from the best fitting count model. Linear contrasts were 
formed to test for trend in means across MVPA tertiles 
within ST tertile groups. To gain a deeper understanding 
of the zero PHQ score population, a binary logistic 
regression model, with odds ratios (ORs) and 95% CIs, 
was employed using the same predictors.  

To help summarize and aid interpretation, several 
variables were converted to categorical form. WBTA was 
split at the median which resulted in one group with zero 
WBTA min/week and one group with 10+ WBTA 
min/week. PHQ, MVPA, and MVWA were each 
categorized into tertile groups where the lowest tertile 
contained participants with zero PHQ, MVPA, and 
MVWA, respectively. Finally, ST was categorized into 
tertiles where the lowest tertile contained ST between zero 
and 210 min/day. A complete case analysis was employed 
with two-tailed p-values reported and significance set at p 
< 0.05. SAS version 9.4 was used for all analysis, 
modeling, and graphs [12,22,23]. 

3. Results 

Table 1 contains the sample characteristics by PA and 
depression status where approximately 36.0% (95% CI: 
34.8 - 37.2) of adults met PA guidelines and 8.2% (7.5 - 
8.9) were considered at least moderately depressed. A 
significant linear trend in meeting PA guideline was 
observed across age, income, and BMI status groups. 
Additionally, a significant linear trend in moderate 
depression was observed for income and BMI status 
groups. Figure 1 displays participant PHQ scores with 
summary statistics. The mean of 3.15 and variance of 
16.76 highlight the overdispersion in the data. Table 2 
displays statistics of association for numeric study 
variables across PHQ tertile grouping. All numeric 
variables were significantly different across PHQ groups, 
less WBTA and BSI. The table also identifies PSQ, 
MVWA, and ST as positively associated and MVPA 
negatively associated with PHQ scores. Table 3 summarizes 
the performance of each generalized linear model predicting 
PHQ count scores. The table entries are ranked by χ2/DF. 
The negative binomial model was considered the best 
fitting model. Although the zero-inflated negative binomial 
presented the smallest AIC statistic, the smaller χ2/DF along 
with a simpler interpretation were given heavier weight in 
the judging process. 

Table 4 displays the negative binomial regression 
analysis predicting PHQ depression scores with WBTA, 
MVPA, MVWA, ST, and PSQ. This model indicated 
mean PHQ score changed by 0.89 (0.82 – 0.96) for those 
with some WBTA (compared to none), by 0.88 (0.81 – 
0.94) for those in the lowest tertile of MVWA (compared 
to the highest tertile), by 0.90 (0.83 – 0.98) and 0.90 (0.83 
– 0.97) for those in the lowest and middle tertiles 
(respectively) of ST (compared to the highest tertile), by 
1.30 (1.21 – 1.40) and 1.10 (1.00 – 1.21) for those in the 
lowest and middle tertiles of MVPA (compared to the 
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highest tertile) and by 1.35 (1.31 – 1.38) for each one 
point increase in PSQ score. 

Table 5 displays the same model adjusted additionally 
for all covariates. The fully adjusted model indicated 
mean PHQ score changed by 0.92 (0.85 – 0.99) for those 
with some WBTA (compared to none), by 0.88 (0.82 – 
0.95) for those in the lowest tertile of MVWA (compared 
to the highest tertile), by 0.83 (0.76 – 0.91) and 0.86 (0.80 
– 0.93) for those in the lowest and middle tertiles 
(respectively) of ST (compared to the highest tertile), by 
1.22 (1.13 – 1.31) for those in the lowest tertile of MVPA 
(compared to the highest tertile) and by 1.36 (1.32 – 1.39) 
for each one point increase in PSQ score.  

Figure 2 displays the predicted PHQ score means 
overall by ST group and MVPA group. Each panel of the 
graph indicates a significant indirect linear trend in PHQ 
means across the MVPA tertile groups. The significant 
trend in means within each ST tertile provides robust 
evidence for a PA dose-response on PHQ scores. With a 
noteworthy difference in PHQ means between the lowest 
tertile of MVPA in the last ST tertile (Mean = 4.16, 95% 
CI: 4.00 - 4.31). 

Figure 3 displays the same predicted PHQ score graph 
but for males. A similar dose-response pattern was 

observed between PA and PHQ scores in males. The most 
noteworthy difference in this graph, however, is the fact 
that the PHQ means among the most physically active (i.e., 
highest MVPA tertile) are close in magnitude across the 
three ST tertiles. This indicates that ST may not be a 
strong risk factor for depression symptoms among 
physically active males. Figure 4 also displays the 
predicted PHQ score graph but for females. Again, a 
similar dose-response pattern was observed between PA 
and PHQ scores in females. However, ST appears to have 
an added negative affect on depression symptoms in 
females as observed by the large predicted PHQ mean for 
the first MVPA tertile in the highest ST tertile. 

Figure 5 displays ORs and 95% CIs for the binary 
modeling of a zero PHQ score. The graph illustrates the 
odds of zero changed by 1.20 (1.05 – 1.37) for the highest 
MVPA tertile (compared to lowest tertile), by 1.30 (1.11 – 
1.51) and 1.26 (1.10 – 1.45) for the lowest and middle 
tertiles (respectively) of ST (compared to the highest 
tertile), by 0.70 (0.60 – 0.83) and 0.85 (0.74 – 0.97) for 
the middle and highest tertiles (respectively) of MVWA 
(compared to the lowest tertile) and by 0.64 (0.61 – 0.67) 
for each one point increase in PSQ score. 

Table 1. Sample characteristics by PA and Depression status 

   Met PAG (MVPA ≥ 150 min/week)  Depressed (PHQ ≥ 10) 
Characteristic N  No Yes p  No Yes p 

Overall 6,205  64.0 36.0 <.001  91.8 8.2 <.001 

          Sex     <.001    <.001 
Female 3,129  68.8 31.2   89.8 10.2  
Male 3,076  59.2 40.8   93.8 6.2  

          Age Group (yr)     <.001    .019 
18 to 24 764  47.3 52.8   90.1 10.0  
25 to 34 974  52.8 47.2   93.4 6.6  
35 to 44 952  64.2 35.8   90.3 9.7  
45 to 54 983  67.0 33.0   91.3 8.8  
55 to 64 1,197  70.7 29.3   91.6 8.4  

65+ 1,335  73.5 26.5   93.3 6.7  
p for trend   <.001   .113  

          Race     .007    .291 
White 2,294  64.5 35.5   91.6 8.4  
Black 1,572  66.6 33.4   91.9 8.1  

Hispanic 1,311  63.2 36.8   90.9 9.1  
Other 1,028  60.0 40.0   93.1 6.9  

          Income Quartile     <.001    <.001 
1st (low) 1,555  71.9 28.1   87.1 12.9  

2nd (low-middle) 1,545  71.2 28.8   90.9 9.1  
3rd (high-middle) 1,553  61.5 38.5   93.3 6.7  

4th (high) 1,552  51.5 48.5   95.9 4.1  
p for trend   <.001   <.001  

          BMI Status     <.001    <.001 
Low 2,082  56.2 43.8   93.4 6.6  

Middle 2,059  63.8 36.2   92.9 7.1  
High 2,064  72.1 27.9   89.1 10.9  

p for trend   <.001   <.001  
Note. PAG is physical activity (PA) guidelines. BMI status (low, middle, high) is based on tertiles. p-value columns are for the chi-square (χ2) test of 
independence. p for trend is for the Cochran-Armitage trend test. 
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Table 2. Description of predictor variables and covariates across PHQ groups 

 Low PHQ (N = 2,076)  Moderate PHQ (N = 2,156)  High PHQ (N = 1,973)   K-W J-T 
Variable Mean Min Max  Mean Min Max  Mean Min Max  rS p p 

PHQ 0 0 0  1.86 1.00 3.00  7.86 4.00 27.00  - - - 
Sex (1=male, 0=female) 0.58 0.00 1.00  0.49 0.00 1.00  0.41 0.00 1.00  -.142 <.001 - 

Age (18 to 80 yr) 50.1 18.0 80.0  47.1 18.0 80.0  47.6 18.0 80.0  -.059 <.001 <.001 
Income (0 to 5) 2.82 0.00 5.00  2.80 0.00 5.00  2.29 0.00 5.00  -.129 <.001 <.001 

PSQ (0 to 6) 1.12 0.00 6.00  1.43 0.00 6.00  2.06 0.00 6.00  .290 <.001 <.001 
WBTA (min/week) 69 0 3360  59 0 3780  77 0 3960  ns .044 .986 
MVWA (min/week) 843 0 10800  829 0 11820  890 0 12600  .046 .001 <.001 
MVPA (min/week) 262 0 6860  233 0 5220  196 0 4800  -.101 <.001 <.001 

ST (min/day) 320 0 1140  341 2 1200  351 2 1200  .056 <.001 <.001 
BMI (kg/m2) 29.0 15.4 62.1  29.7 14.8 66.5  30.9 14.6 82.0  .094 <.001 <.001 
BSI (T-score) 49.9 7.4 83.6  49.5 8.4 81.7  50.6 16.2 98.4  ns .004 .131 

Note. N = 6,205. PHQ groups (low, moderate, high) are based on tertiles. K-W is the Kruskal-Wallis nonparametric ANOVA. J-T is the Jonckheere-Terpstra 
test of trend. rS is Spearman correlation coefficient between each numeric predictor and PHQ group with only significant (p < .05) values reported. Income is 
ratio of family income to poverty threshold ranging from 0 to 5. PSQ is poor sleep quality score ranging from 0 to 6. BMI is body mass index in kg/m2. BSI 
is body shape index in T-score units (Mean = 50 and SD = 10). WBTA is walking and biking for transportation activity in min/week. MVWA is moderate-
to-vigorous work activity in min/week. MVPA is moderate-to-vigorous-PA in min/week. ST is sedentary time in min/day. 

Table 3. Generalized linear model comparisons for PHQ scores as count data ranked by χ2/DF 

Model Distribution Link DF FLL χ2 χ2/DF AIC 
NB Negative Binomial Log 6182 -13571.0 6205.4 1.00 27190.1 

ZINB w/c Zero Inflated Negative Binomial Log 6159 -13409.1 6475.5 1.05 26912.3 
ZINB Zero Inflated Negative Binomial Log 6181 -13552.5 6532.7 1.06 27155.0 
ZIP Zero Inflated Poisson Log 6181 -15623.9 11569.5 1.87 31295.8 

ZIP w/c Zero Inflated Poisson Log 6159 -15356.6 12056.6 1.96 30805.1 
POI Poisson Log 6182 -18220.9 26409.2 4.27 36487.8 

GLM Normal Identity 6182 -16981.0 86557.2 14.00 34010.0 

Note. N = 6,205. Fully adjusted models were compared. Models are ranked by χ2/DF. ZINB w/c and ZIP w/c are modeling zeros with covariates. FLL is 
full log likelihood. AIC is Akaike information criterion. 

Table 4. Negative binomial regression analysis predicting PHQ depression scores with physical activity (PA) and poor sleep quality (PSQ) 

Parameter b SE p exp(b) LL UL 
Intercept 0.706 0.026 <.001    WBTA: 1 -0.108 0.017 <.001 0.89 0.82 0.96 
WBTA: 2 ref      MVPA: 1 0.255 0.017 <.001 1.30 1.21 1.40 
MVPA: 2 0.103 0.023 <.001 1.10 1.00 1.21 
MVPA: 3 ref      MVWA: 1 -0.135 0.017 <.001 0.88 0.81 0.94 
MVWA: 2 -0.023 0.021 .277 0.98 0.89 1.08 
MVWA: 3 ref      ST: 1 -0.098 0.019 <.001 0.90 0.83 0.98 

ST: 2 -0.074 0.017 <.001 0.90 0.83 0.97 
ST: 3 ref      PSQ 0.276 0.005 <.001 1.35 1.31 1.38 

Note. N = 6,205. WBTA is walking and biking activity. MVPA is moderate-to-vigorous PA. MVWA is moderate-to-vigorous work activity. WBTA 
grouped (1,2) by median split. MVPA, MVWA, and ST grouped (1,2,3) by tertiles. Model includes only the predictors in the table. 

Table 5. Fully adjusted negative binomial regression analysis predicting PHQ depression scores with physical activity (PA) poor sleep quality 
(PSQ) and body measures 

Parameter b SE p exp(b) LL UL 
Intercept -0.381 0.148 .010    WBTA: None -0.084 0.039 .032 0.92 0.85 0.99 

WBTA: Some ref      MVPA: T1 0.197 0.038 <.001 1.22 1.13 1.31 
MVPA: T2 0.087 0.050 .082 1.09 0.99 1.20 
MVPA: T3 ref      MVWA: T1 -0.124 0.039 .001 0.88 0.82 0.95 
MVWA: T2 -0.005 0.049 .920 1.00 0.90 1.10 
MVWA: T3 ref      
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Parameter b SE p exp(b) LL UL 
ST: T1 -0.184 0.044 <.001 0.83 0.76 0.91 
ST: T2 -0.148 0.040 <.001 0.86 0.80 0.93 
ST: T3 ref      PSQ 0.305 0.013 <.001 1.36 1.32 1.39 
BMI 0.001 0.002 .633 1.00 1.00 1.01 
BSI 0.008 0.002 <.001 1.01 1.00 1.01 

Note. N = 6,205. WBTA is walking and biking activity. MVPA is moderate-to-vigorous PA. MVWA is moderate-to-vigorous work activity. WBTA grouped 
(1,2) by median split. MVPA, MVWA, and ST grouped (1,2,3) by tertiles. Model includes the predictors in the table plus age, sex, race, and income. 

 

 
Figure 1. Participant scores from the nine-item Patient Health Questionnaire (PHQ) 

 
Figure 2. Predicted PHQ score means by ST group and MVPA group – Overall 
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Figure 3. Predicted PHQ score means by ST group and MVPA group – Males 

 
Figure 4. Predicted PHQ score means by ST group and MVPA group – Females 

 
Figure 5. Forest plot for the fully adjusted binary modeling of zero PHQ scores 
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4. Discussion 

The purpose of this study was to examine the ability of 
SQ and PA to independently predict scores from the PHQ 
using different modeling approaches. Unadjusted bivariate 
analyses revealed that PSQ, ST, and MVWA were 
positively associated with PHQ scores. Conversely, 
MVPA was negatively associated with PHQ scores. Some 
of these findings were expected and have been identified 
by others. For example, a recent study of taxi drivers 
observed an extraordinarily strong association between 
depression and sleep disorders with OR statistics for 
having a sleep disorder at different levels of depression 
ranging from 3.9 to 35.3 when compared to counterparts 
without depression [24]. Similar findings have been 
reported in college student, adult, and elderly populations 
[25,26,27,28,29]. Studies have also reported positive 
associations between ST and depression [30,31]. As well, 
a plethora of research data provide evidence for the 
negative association between MVPA and depression 
[32,33,34,35]. The positive association between MVWA 
and depression symptoms in the current study, however, 
was an unexpected finding. This finding may also be less 
established in the research literature. In fact, a large 
national study of adults specifically found no relationship 
between PA at work and symptoms of depression [36]. 
Another study examining different mood indicators, 
including depression, also found no relationship with 
work-related PA in adults [37]. A large study of Korean 
adults, however, did find that high-intensity work-related 
PA significantly increased depressive symptoms [38]. 
This study differs from the current findings which 
assessed both moderate- and vigorous-intensity activity at 
work in one measure of MVWA. Nevertheless, given 
these mixed findings, more research may be needed to 
clarify the association between MVWA and symptoms of 
depression. 

The modeling portion of this study reinforced those 
revealed in the bivariate analyses and brings to light at 
least four points worth discussing. The first noteworthy 
point is the fact that after adjusting for all PA variables, 
SQ, and the remaining covariates, WBTA became a 
significant predictor of PHQ. A correlation that was not 
evident in the bivariate analysis. Active transportation has 
been linked to better mental health and improved 
depression in adults by others [39,40]. On the other hand, 
several studies have shown null findings or mixed 
findings for walking or biking for transportation and 
depression symptoms [41,42,43]. It is possible, however, 
that controlling for SQ and ST in the current study, 
removed enough variation from PHQ scores to identify a 
valid association between WBTA and depression 
symptoms. The second noteworthy point worth 
mentioning is that the model in the current study was able 
to identify four PA variables and SQ as independent 
predictors of PHQ scores while adjusting for confounding 
body measure and demographic variables. This finding 
provides novel evidence for the PA and SQ relationship 
with PHQ scores in adults.  

The third noteworthy point worth mentioning concerns 
the use of the negative binomial model for the modeling of 

PHQ count scores. It was found that the negative binomial 
model performed better than the traditional Poisson model 
and arguably better than the zero-inflated models. The 
zero-inflated models are generally appropriate in scenarios 
when a special subpopulation can have no other possible 
score than a zero (i.e., structural zeros) and thus, in this 
case, is not at risk for any symptoms of depression [44]. A 
situation that does not seem reasonable considering the 
PHQ items (i.e., tiredness, poor appetite, feeling bad, etc.) 
in adult populations. Additionally, the nominal difference 
in fit (i.e., AIC value) observed in the zero-inflated 
negative binomial model did not seem to justify the 
additional complexity in interpreting the zero modeling 
(i.e., logit modeling) within a zero-inflated model. 
Therefore, the negative binomial model was deemed the 
better fitting and more appropriate model for the current 
data. Finally, the fourth noteworthy point worth 
mentioning concerns the sex differences observed in 
model predicted PHQ scores. Considering both sexes, a 
significant indirect linear trend was noted in predicted 
PHQ means across MVPA tertile groups in all three ST 
tertile groups. However, predicted PHQ means were 
greatest in the most sedentary and least physically active 
females. In fact, a magnitude of 1 PHQ count greater than 
their male counterparts. Findings that make sense when 
considering evidence purporting that depression 
symptoms are greater in female populations and greater in 
less active adult populations [45,46]. 

A secondary purpose of this study was to capitalize on 
the information obtained from the zero-inflated negative 
binomial model by explicitly modeling zero PHQ scores 
using binary logistic regression. That is, since the zero-
inflated model fit well, special attention on the zero scores 
seemed appropriate. Results of which were in-line with 
the previous in that increased amounts of MVPA, 
decreased amounts of ST, decreased amounts of MVWA, 
and decreased amounts of PSQ resulted in increased 
likelihood (odds) of scoring a PHQ zero. These findings 
indicate that adults responding with zero scores on the 
PHQ can be predicted with PA and SQ variables. 

When interpreting these findings, it should be noted 
that they come from cross-sectional data and do not 
necessarily imply a cause-and-effect relationship between 
PA, SQ, and depression. Furthermore, this study used a 
general depression symptom scale, the PHQ, and thus did 
not assess or generalize to specific depression states 
associated with factors such as pregnancy, substance use, 
adverse event, disease, or aging [47]. Finally, results from 
this study should be interpreted with the understanding 
that all major predictors were assessed as well as the main 
outcome variable using self-reported questionnaires. 
Therefore, certain reporting biases can not be ruled out. 
Regardless, the scales used in this study are well-
established in the research and have acceptable 
psychometric characteristics [48,49,50]. 

5. Conclusions 

The negative binomial model was considered the better 
fitting and more appropriate model for the current data. 
Results found that inadequate sleep, large amounts of 
work activity, low amounts of recreational activity, and 
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high amounts of sedentary behavior were independent risk 
factors for depression in adults. Health promotion 
specialists should incorporate sleep quality strategies into 
physical activity programming. 
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