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Abstract: While previous research has linked physical activity (PA) with lower prescription medi-
cation consumption, limited evidence has investigated sedentary time (ST) as a major contributor
to medication use, despite ST’s known association with chronic disease and mortality risk, even
when PA volume is considered. This study aimed to examine the independent associations between
objectively measured ST, patterns of sedentary bouts, and self-reported prescription medication use
among adults >25 years of age. Thirty-two participants reported the number and type of medications
they were currently prescribed and wore an accelerometer continuously on their hip for seven days to
detect their ST. Poisson regression analysis was used to assess how average daily ST, sedentary bout
frequency, and sedentary bout duration influenced medication use. The results revealed a significant
association between greater ST and higher medication consumption. Specifically, each additional
hour of ST per day, each sedentary bout, and each one-minute increase in bout duration were linked
to a 66% (PR 1.66; 95% CI 1.25-2.19; p < 0.001), 36% (PR 1.36; 95% CI 1.12-1.64; p < 0.01), and 9%
(PR 1.09; 95% CI 1.03-1.16; p < 0.01) higher prevalence of prescription medications, respectively.
These findings suggest that higher ST is associated with a greater prevalence of using prescription
medications in adults.
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1. Introduction

Noncommunicable diseases or chronic diseases have become a leading public health
concern both in the United States (U.S.) and worldwide. These diseases rank among the
top causes of mortality around the world. According to the World Health Organization
(WHO) [1], approximately three-fourths of all global deaths can be attributed to chronic
diseases. For example, cardiovascular disease (CVD), cancer, and diabetes alone contribute
to 17.9 million, 9.3 million, and 2.0 million global annual deaths, respectively. In the U.S,,
the burden is similarly high, with nearly 52% of adults diagnosed with at least one chronic
condition as of 2018 [2]. In 2020, CVD and cancer resulted in 19 and 10 million deaths,
respectively, while nearly 13% of Americans were diagnosed with diabetes between 2017
and 2020, with rates continuously climbing [3].

As the prevalence of chronic diseases steadily increases, there is growing concern
about the role of sedentary behavior (SB) and sedentary time (ST) as major factors in these
negative health issues. Evidence consistently demonstrates that excessive SB or prolonged
ST is linked to an augmented risk of cardiovascular disease, diabetes, cancer, obesity, and
both cardiovascular and all-cause mortality [4-10]. Notably, these relationships typically
remain significant despite regular participation in moderate to vigorous physical activity
(MVPA). A meta-analysis in 2013 by Chau et al. [11] suggested that participation in MVPA
may not fully mitigate the mortality risk associated with greater ST. Investigators revealed
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a 34% increase in all-cause mortality risk when adults reported sitting for 10 h per day after
adjusting for physical activity (PA).

Prescription medication use has also been shown to be independently related to poor
health outcomes such as CVD, diabetes, metabolic syndrome, and mortality [12,13]. When
examining modifiable factors related to prescription medication use, previous evidence
has primarily focused on the inverse relationship between PA volume and prescription
medications [14,15]. There is a paucity of evidence regarding ST and prescription medi-
cation use, although ST is another important predictor of risk for chronic diseases and is
independently related to mortality regardless of PA volume [10,11].

Historically, questionnaires or surveys have been used to obtain estimates of total ST.
However, using objective methods to monitor ST, such as accelerometers, otherwise known
as wearable activity monitors, helps to minimize self-report bias and allows for examination
of sedentary bout patterns as they occur in the free-living environment, which may be
significant contributors to certain health outcomes. Additionally, when reviewing various
methods of capturing ST (i.e., self-reporting via questionnaires versus activity monitors),
Healy et al. [16] determined there are mixed outcomes for survey methods in overestimating
or underestimating ST. Therefore, the aims of this study were to (1) examine the associa-
tion between objectively measured ST via accelerometers and self-reported prescription
medication use in adults >25 years of age and (2) examine the independent associations of
sedentary bout length and frequency with medication consumption in adults.

2. Methods

This pilot study was conducted from October 2022 to April 2023 on the University of
North Florida (UNF, Jacksonville, FL, USA) campus and the surrounding northern Florida
area. The final sample consisted of 32 adults, aged 25-65 years, who met the following
criteria: (1) adult men and women (>25 years of age); (2) not pregnant; (3) no upper or
lower body injuries that would limit normal daily movement; and (4) no diagnosis of
intellectual disabilities or cognitive impairment. The institutional review board (IRB) of
UNF approved all testing and examination procedures in October 2022, and all participants
signed an informed consent.

Participants were asked to continuously wear an ActiGraph GT9X activity monitor
(ActiGraph LLC, Pensacola, FL, USA) on their waist while performing their normal daily
routines. They were instructed to wear the activity monitor continuously for 24 h a day
(capturing all behavior during waking and sleep hours) for seven consecutive days and to
only remove it during water-based activities (e.g., bathing, swimming, sauna). Participants
were included in the final analysis if they wore the activity monitor for at least ten hours a
day on at least four out of the seven days. The seven-day protocol period was utilized as it
has been found to be 90% reliable in assessing ST, based on agreement with subjective ST
assessments, according to Matthews et al. [17]. Although Matthews et al. recommended a
seven-day protocol, they did not specify a minimum wear time, and there is no universal
standard. Therefore, the minimum wear time of 10 or more hours per day was based on the
widely accepted minimum wear time described by Troiano et al. [18] for the measurement
of PA. Furthermore, according to Airlie et al. [19], a minimum wear time criterion of at least
eight hours a day is warranted to obtain reliable PA and ST estimates in older adults. During
this seven-day protocol period, participants were also asked to record their sleep times and
times of monitor removal on two provided logs. Since sleep is not considered SB, it has
been recommended that sleep logs be implemented to mitigate the risk of misclassifying
sleep as SB [20]. All study participants took part in the questionnaire and activity monitor
protocol. A control group was not included due to the nature of a small-sample pilot study.

The primary independent variable was ST, which was assessed objectively via the
primary accelerometer of the ActiGraph GT9X activity monitor. Once raw accelerometer
data were obtained, they were converted to activity counts per minute (cpm) via the ActiLife
software (version 6.13.4, ActiGraph LLC., Pensacola, FL, USA), ActiGraph’s actigraphy
data analysis software platform. An activity count is a proprietary unit of measure for
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physical behaviors that quantifies acceleration within a time interval or “epoch”, with one
epoch usually being 10-60 s long [21]. For the present study, the ActiGraph GT9X monitors
were initialized to collect data at 30 Hz, and the data were reported in 60 s epochs.

Once the data were converted to cpm, the total ST (minutes per week) from ActiLife
were converted to hours per week. For practical purposes, this information was then
converted to average ST hours per day for each participant, creating the sedentary time
variable, which was analyzed as a continuous variable. According to Troiano et al. [18],
sedentary activity is defined as any activity with 0-99 cpm. For the sedentary bout fre-
quency, the total number of sedentary bouts per week from ActiLife was converted to the
average number of sedentary bouts per day. The average length of time (minutes) in all
sedentary bouts across the seven-day period was obtained from ActiLife and utilized for the
sedentary bout duration. Both the sedentary bout frequency and duration were analyzed
as continuous variables. According to the Freedson 1998 bout parameters, a sedentary bout
is defined as an activity with 0-99 cpm for at least 10 consecutive minutes [22].

Biological sex, age, race/ethnicity, education, waist circumference, and PA were con-
trolled for in this study to prevent any potential confounding. Age was divided evenly into
four categories: 25-34, 35-44, 45-54, and >55 years of age. This was assessed utilizing par-
ticipants’ dates of birth obtained from the Demographics questionnaire, administered via
Qualtrics, which was created for the purpose of this study. Race/ethnicity was divided into
three categories: White (including Hispanic White), Black (including Hispanic Black), and
Other (including “prefer not to say”). This was self-reported in the Demographics question-
naire. Education was categorized into two levels: some college or less (which included less
than high school and some high school, high school graduate, and some college including
AA degree) and college graduate. This was also self-reported in the Demographics ques-
tionnaire. Waist circumference (WC) was dichotomized (healthy/unhealthy) based on the
World Health Organization classifications for obesity and disease risk [23]. An unhealthy
WC was defined as >102 cm (40 in) and >88 cm (35 in) for men and women, respectively.
WC was measured using a tape measure just above the uppermost lateral border of the
right ilium to the nearest centimeter. Lastly, PA was dichotomized as meeting/exceeding
the PA guidelines or not meeting the PA guidelines based on the 2018 U.S. Department of
Health and Human Services (DHHS, Washington, DC, USA) PA Guidelines [24]. Meeting
the PA guidelines was defined as engaging in >150 m/wk of moderate or >75 m/wk of
vigorous PA. Physical activity was objectively measured via the ActiGraph GT9X activity
monitor. Using the 2008 Troiano adult cut-points [18], light activity is defined as 100-2019
cpm, moderate activity is defined as 2020-5998 cpm, and vigorous activity is defined
as 5999+ cpm. Therefore, moderate to vigorous physical activity (MVPA) would be any
activity >2020 cpm. This variable was created using the total minutes of MVPA per week
obtained from ActiLife.

The dependent variable in this study was prescription medication use. Prescription
medication use was operationalized as the number of prescription medications an indi-
vidual took in the past 30 days. This information was obtained through a medical and
prescription medication history questionnaire via Qualtrics that utilized similar compo-
nents of the National Health and Nutrition Examination Survey (NHANES, Hyattsville,
MD, USA) [25]. Within this questionnaire, participants were asked to identify the number,
brand or generic medication names, and reasonings/diagnoses for taking the prescribed
medication(s). The Ambulatory Care Drug Database System [26] from the National Center
for Health Statistics (NCHS, Hyattsville, MD, USA) was utilized to classify medications
by their therapeutic drug class. This is based on the same system that the NHANES
uses, which is Lexicon Plus®, a proprietary database of Cerner Multum, Inc. (Denver,
CO, USA). This system uses the Multum drug classification to categorize drugs by their
therapeutic class.

Once the raw accelerometer data were downloaded with ActiLife, the data cleaning
process was completed. This consisted of verifying the non-wear time with the times of
monitor removal that were recorded on the wear time log and the measured sleep times



Pharmacy 2024, 12, 186

40f12

with the sleep log. Once the sleep times were verified, all accounts of sleep were marked as
non-wear time for the final analysis.

The data in this study were analyzed utilizing IBM SPSS version 26.0 [27]. SPSS
was used to conduct variable recodes and data coding validation. The final analysis
excluded over-the-counter drugs and all types of oral contraceptives, vitamins, and dietary
supplements unless they were prescribed to treat a specific noncommunicable diagnosis
or condition. This was decided upon since prescription medication use is a predictor of
chronic disease prevalence and general health status [28-30], which can help indicate which
diseases were more common among the final sample.

Poisson regression analysis was used to quantify the relationship between the number
of prescription medications an individual was prescribed based on the average hours of
ST per day (significance was established at p = 0.05). Separate Poisson regression analyses
were also used to predict how the number of prescriptions changed based on the average
sedentary bout frequency and duration (significance set at p = 0.05). Linear regression
models were adjusted for biological sex, age, race/ethnicity, education, waist circumference,
and PA. Three models were generated using a forward selection process based on the
results of the Poisson regression analysis. Model 1 was a crude model; Model 2 adjusted
for demographic factors, including biological sex, age, race/ethnicity, and education as
well as WC, and Model 3 adjusted for Model 2 covariates and PA. The prevalence ratios
were used to examine the associations between ST and prescription medicine use. Post-hoc
power analysis was performed utilizing G*Power version 3.1 [31].

3. Results

Table 1 summarizes the sample and ST characteristics when stratified by biological
sex. The median age of the participants was 31 years (IQR 27.0-50.6), with 68.8% being
women. There were no black participants (including Hispanic Black) who volunteered for
this study, and more than three-fourths of the participants were white (including Hispanic
White). Additionally, more than three-fourths of the participants were college graduates.
About 80% of participants were classified as having a healthy WC, which was defined as
<102 cm (40 in) and <88 cm (35 in) for men and women, respectively. Two-thirds of the
participants met or exceeded the PA guidelines with a median of 219 min (IQR 106.5-333.8)
of MVPA per week.

Table 1. Sample and Sedentary Time Characteristics Stratified by Biological Sex.

All (N =32) Men (n = 10) Women (n = 22)

Prescribed Medications (%)

Age (years)

Waist circumference (in)

Total MVPA per week (min)

Total sedentary time per week (hours)
Average sedentary h/day

Total number of sedentary bouts per week
Average number of sedentary bouts/day
Average duration of sedentary bouts (min)
Total number of sedentary breaks per week 126.5 (113.8-141.3)
Average number of sedentary breaks/day
Average duration of sedentary breaks (min)

46.9% 40.0% 50.0%

31.2 (27.0-50.6) 29.9 (27.0-54.4) 34.3 (26.1-49.8)
31.9 (28.8-38.2) 38.1 (33.9-39.6) 30.1 (28.1-33.1)
218.5 (106.5-333.8) 235.0 (119.5-426.3) 207.0 (101.8-293.3)
76.3 (68.0-82.9) 67.0 (62.2-77.9) 79.5 (70.9-83.5)
11.1 (9.7-11.8) 9.6 (8.9-11.1) 11.4 (10.2-12.0)
133.5 (120.3-148.8) 125.5 (107.0-152.0) 135.5 (120.8-148.3)
19.1 (17.2-21.3) 17.9 (15.3-21.7) 19.4 (17.3-21.2)
22.7 (20.1-25.2) 20.2 (18.9-23.5) 23.3 (21.6-26.7)
118.5 (106.5-142.5) 128.5 (115.3-139.8)
18.1 (16.3-20.2) 16.9 (15.2-20.4) 18.4 (16.5-20.0)
27.8 (22.4-35.1) 35.5 (29.6-37.8) 25.1 (21.2-29.7)

All values are median (interquartile range) unless stated otherwise. Abbreviations: MVPA, moderate to vigorous
physical activity.

Among the 32 participants, the sample was evenly dispersed between prescription
medication use, where 15 participants (47%) reported taking at least one prescription
medication in the past 30 days (reported medication range 1-15). The median number of
medications was zero (IQR 0.0-2.0). When stratified by biological sex, women had greater
medication use in which 50% of women and 40% of men consumed a prescription drug.
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When analyzing medication types, antidepressants were the most prevalent, with 40% of
participants reporting the use of at least one antidepressant medication. Thyroid drugs
and central nervous system stimulants were also highly prevalent, with 33% and 26% of
participants, respectively, taking at least one of these drugs. Other reported drugs included
anti-inflammatory agents, beta-blockers, proton pump inhibitors, skeletal muscle relaxants,
calcium channel blockers, anticonvulsants, antiarrhythmics, and anxiolytics. Participants
were sedentary for approximately 76 h per week and 11 h per day in which women were
seen to be more sedentary than men. Participants also had 134 sedentary bouts per week
and 19 bouts per day, where each bout lasted approximately 23 min.

Table 2 summarizes the sample characteristics when stratified by ST (<11.38 h/day and
>11.38 h/day). This threshold was established when examining percentiles of the number
of prescription medications and average sedentary hours per day. The 60th percentile
is where at least one medication and 11.38 h of ST were observed. Additionally, at the
60th percentile, participants were seen to be taking at least one medication when having
approximately 20 sedentary bouts per day and bouts lasting at least 23 min.

Table 2. Sample Characteristics Stratified by Sedentary Time (hours/day).

Variable Sedentary Time
<11.38 h/day >11.38 h/day
n=14 n=18
Frequency (% by Row)

Age (years)

25-34 7 (41%) 10 (59%)

35-44 0 (0%) 4 (100%)

45-54 4 (80%) 1 (20%)

55+ 3 (50%) 3 (50%)
Biological Sex

Male 7 (70%) 3 (30%)

Female 7 (32%) 15 (68%)
Race/Ethnicity

White (including Hispanic White) 10 (40%) 15 (60%)

Black (including Hispanic Black) * 0 (0%) 0 (0%)

Other 4 (57%) 3 (43%)
Education

Some college or less 4 (57%) 3 (43%)

College graduate 10 (40%) 15 (60%)
Waist Circumference

Healthy 10 (38.5%) 16 (61.5%)

Unhealthy 4 (67%) 2 (33%)
Physical Activity

Meeting/exceeding PA guidelines 11 (52%) 10 (48%)

Not meeting PA guidelines 3 (27%) 8 (73%)

Abbreviations: PA, physical activity. * No Black volunteers (including Hispanic Blacks) in this study.

The sample size (N = 32) allowed for the examination of the relationship between ST
and prescription medication use, with a power of 0.87 for the crude model and 0.99 for the
fully adjusted model (Model 3). Crude analysis revealed that there was a 29% increase in
the expected number of prescriptions for each extra hour of sedentary time per day (PR
1.29; 95% CI 1.08-1.55; p = 0.01) (Table 3). Following adjustment for biological sex, age,
race/ethnicity, education, and waist circumference, ST remained statistically significant,
with a 70% increase in the expected number of prescriptions (PR 1.70; 95% CI 1.29-2.26;
p < 0.001) for each one-hour increase in ST. Due to such a large change in prevalence from
the crude model to Model 2, a pairwise examination of the covariates was performed to
explore any possibilities of interactions. Using a forward-selection approach, WC caused a
shift in the prevalence ratio from 1.29 to 1.55. However, there was no statistically significant
interaction between WC and ST (p = 0.48). In the fully adjusted model (adjusted for the
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Model 2 covariates and PA), there was a 66% increase in the expected number of prescription
medications for each hour of ST per day (PR 1.66; 95% CI 1.25-2.19; p < 0.001).

Table 3. Prevalence Ratios for Sedentary Time as a Predictor of Prescription Medication Use

Among Adults.

Variable Model 1 PR Model 2 PR Model 3 PR
(95% CI) (95% CI) (95% CI)

Sedentary Time 1.29 (1.08-1.55) * 1.70 (1.29-2.26) * 1.66 (1.25-2.19) *
Age (years)

25-34 1.00 1.00

35-44 2.54 (1.10-5.87) * 2.61 (1.12-6.09) *

45-54 3.49 (1.57-7.73) * 3.86 (1.68-8.88) *

55+ 0.34 (0.94-1.19) 0.35 (0.10-1.24)
Biological Sex

Male 1.00 1.00

Female 1.25 (0.51-3.03) 1.22 (0.50-3.01)
Race/Ethnicity

White (including

Hispanic White) 100 100

Black (including

Hispanic Black) ¥ ) )

Other 0.15 (0.04-0.51) * 0.16 (0.04-0.58) *
Education

Some college or less 1.00 1.00

College graduate 0.45 (0.19-1.08) 0.44 (0.18-1.05)
Waist Circumference

Healthy 1.00 1.00

Unhealthy 5.40 (2.40-12.15) * 4.28 (1.77-10.30) *
Physical Activity

Meeting/exceeding 1.00

PA guidelines ’

Not meeting PA 1.56 (0.77-3.14)

guidelines

* p < 0.05. ¥ No Black volunteers (including Hispanic Blacks) in this study. Abbreviations: PR, Prevalence ratio;
CI, Confidence interval; and PA, physical activity. Model 1, Crude; Model 2, Adjusted for age, biological sex,
race/ethnicity, education, and waist circumference; Model 3, Adjusted for age, biological sex, race/ethnicity,
education, waist circumference, and physical activity.

Adults (35-44 years) and (45-54 years) had a higher expected number of prescription
medications compared to the referent group (25-34 years). Adults (3544 years) exhibited
almost a threefold increase in the expected number of prescription medicines (PR 2.61; 95%
CI 1.12-6.09; p < 0.05), and adults (45-54 years) had a fourfold increase in the expected
number of medications (PR 3.86; 95% CI 1.68-8.88; p < 0.05). However, the relationship
was not seen for older adults (>55 years). A statistically significant association among
different race/ethnicity groups was also observed. Individuals with other races/ethnicities
besides white (including Hispanic White), which was the referent group, had an 84%
lower expected number of prescriptions (PR 0.16; 95% CI 0.04-0.58; p < 0.05). Lastly,
participants classified as having unhealthy WC had a fourfold increase in the expected
number of prescriptions they were taking (PR 4.28; 95% CI 1.77-10.30; p < 0.05) compared
to participants with healthy WC.

After conducting separate Poisson regression analyses utilizing the fully adjusted
models, which adjusted for biological sex, age, race/ethnicity, education, WC, and PA,
there was a 36% (PR 1.36; 95% CI 1.12-1.64; p < 0.01) and 9% (PR 1.09; 95% CI 1.03-1.16;
p <0.01) increase in the expected number of medications for each extra bout of ST per
day (i.e., frequency) and each one-minute increase in the average time (i.e., duration),
respectively (Table 4). There was an attempt to add total ST with the sedentary bout
frequency and bout duration variables in two separate models; however, this was not
statistically significant. Similar to total ST, adults (35-44 years) and (45-54 years) had a
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greater expected number of medications compared to the referent group (25-34 years).
Adults (3544 years) had a prevalence ratio of 2.62 (95% CI 1.18-5.78; p < 0.05) and 3.26 (95%
CI1.44-7.38; p < 0.05) for the bout frequency and duration, respectively, compared to the
youngest age group (adults 25-34 years). Adults (45-54 years) had a prevalence ratio of 4.76
(95% CI1.95-11.63; p < 0.05) and 2.93 (95% CI 1.26-6.81; p < 0.05) for the bout frequency and
duration, respectively, compared to the youngest age group (adults 25-34 years). Adults
who were of a race/ethnicity other than white (including Hispanic White) exhibited a 78%
lower expected number of prescriptions (PR 0.22; 95% CI 0.06-0.76; p < 0.05) for every
bout of ST per day. Additionally, adults classified as having unhealthy WC had an 8.5-fold
increase (PR 8.50; 95% CI 2.62-27.63; p < 0.05) in the expected number of prescriptions
compared to adults with healthy WC for every bout of ST per day. Adults who also did
not meet the PA recommendations exhibited a twofold increase in the expected number
of prescription medications (PR 2.41; 95% CI 1.23-4.73; p < 0.05) compared to adults who
met the PA guidelines for each extra bout of ST per day. Borderline significance (p = 0.05)
was seen among both race/ethnicity and education regarding the duration of a sedentary
bout. Adults who were of other races/ethnicities and were college graduates compared
to adults who were white (including Hispanic White) and had some college or less had
a 70% (PR 0.30; 95% CI 0.09-1.01) and 59% (PR 0.41; 95% CI 0.17-1.01) lower expected
number of medications, respectively, for each one-minute increase in the average time of a
sedentary bout.

Table 4. Prevalence Ratios for Sedentary Bout Frequency and Duration as a Predictor of Prescription
Medication Use Among Adults.

Sedentary Bouts
Frequency Duration
. Fully Adjusted Model PR Fully Adjusted Model PR
Variable Y (]95% cn Y (]95% cDn

Sedentary Time 1.36 (1.12-1.64) * 1.09 (1.03-1.16) *
Age (years)

25-34 1.00 1.00

35-44 2.62 (1.18-5.78) * 3.26 (1.44-7.38) *

45-54 4.76 (1.95-11.63) * 2.93 (1.26-6.81) *

55+ 0.59 (0.16-2.21) 0.41 (0.11-1.50)
Biological Sex

Male 1.00 1.00

Female 2.26 (0.89-5.73) 1.31 (0.51-3.39)
Race/Ethnicity

White (including

Hispanic White) 100 100

Black (including

Hispanic Black) ¥ ) )

Other 0.22 (0.06-0.76) * 0.30 (0.09-1.01) **
Education

Some college or less 1.00 1.00

College graduate 0.64 (0.27-1.48) 0.41 (0.17-1.01) **
Waist Circumference

Healthy 1.00 1.00

Unhealthy 8.50 (2.62-27.63) * 1.65 (0.82-3.33)
Physical Activity

Me.etlr}g/ exceeding PA 1.00 1.00

guidelines

Not meeting PA 241 (1.23-4.73) * 181 (0.89-3.67)

guidelines

* Significance at p < 0.05. ** Borderline significance at p = 0.05. ¥ No Black volunteers (including Hispanic Blacks) in
this study. Abbreviations: PR, Prevalence ratio; CI, Confidence interval; and PA, physical activity. Fully adjusted
Model: adjusted for age, biological sex, race/ethnicity, education, waist circumference, and physical activity.
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Another critical finding was the examination of sedentary breaks, which are non-
sedentary periods between two sedentary bouts, and determining that there was a 4%
(PR 0.96; 95% CI 0.93-0.99; p < 0.05) decrease in the expected number of prescription
medications for each one-minute increase in the average duration of a sedentary break. This
was analyzed by conducting a separate Poisson regression using the fully adjusted model,
which adjusted for biological sex, age, race/ethnicity, education, WC, and PA. This was a
significant decrease in prevalence compared to sedentary bout duration and prescription
medication use (PR 1.09; 95% CI 1.03-1.16; p < 0.01). Using the same methodology to
examine the effects of sedentary break frequency versus break duration, Poisson regression
analysis revealed a 35% (PR 1.35; 95% CI 1.12-1.64; p < 0.01) increase in the expected number
of prescription medications for each extra sedentary break per day, which only slightly
changed from the association of sedentary bout frequency and prescription medication use
(PR 1.36; 95% CI 1.12-1.64; p < 0.01).

4. Discussion

To the best of our knowledge, this is the first study to exclusively examine the associ-
ation between ST and prescription medications independent of PA utilizing an objective
measure of ST. Our findings suggest that extended ST is associated with an increase in the
expected number of prescription medications. Moreover, more frequent sedentary bouts
throughout the day and a longer average time of sedentary bouts were both significantly
associated with a greater expected number of prescription medications in our sample of
32 adults (>25 years of age). Participants were sedentary for approximately 11 h a day.
This aligns with a review of cross-sectional studies done by Bauman et al. [32], where
investigators found that 25% of adults reported sitting for >11 h per day.

Almost half of the participants were prescribed at least one medication. In a study by
Kantor et al. [33] examining trends in prescription medication use, they identified 18 most
common medicines used by U.S. adults. The present study had 7 out of the 18 medicines
that were most prescribed. This included antidepressants, thyroid drugs, anti-inflammatory
agents, and anxiolytics, among others.

Currently, there is limited evidence regarding the relationship between ST variables
and prescription medication use among adults. Previous studies have only investigated
the associations between PA and prescription medications with only a brief discussion of
sedentary individuals. One cross-sectional study by Bertoldi et al. [14] investigated the
correlation between PA and prescription medicine utilization among Brazilian adults aged
20 years or older. Investigators found that less activity was correlated to higher medication
use, and specifically, sedentary individuals had a 23% augmented risk for medication
utilization compared to the most active individuals. For this study, PA and SB were
assessed utilizing a shortened version of the International Physical Activity Questionnaire
(IPAQ), which has been validated to obtain and compare PA and SB estimates across
multiple countries. The main findings of this study were congruent with our results despite
different methods of assessing PA and SB (i.e., IPAQ questionnaire versus accelerometer).
However, it has been revealed that the IPAQ may lead to underestimation of ST and
an increased risk of recall bias compared to objective accelerometer measurements [34].
Additionally, accelerometers can capture free-living patterns of SB, which allows for more
accurate estimates and greater diversity of SB. Two studies have examined the association
between PA and medicine utilization using objectively measured ST [15,35]. A study in
2012 by Silva et al. [15] revealed a 55% increase in medication usage among sedentary
individuals (classified as <6000 steps per day in this study) after adjusting for many
variables, including sitting time (average hours per day) when examining the relationship
in 271 older Brazilian women. In the present study, there was a 66% increase in the expected
number of prescription medications for each extra hour of ST per day. Silva et al. assessed
PA through the number of steps taken using a Yamax Digi-walker pedometer worn on the
waist. Investigators revealed that 15% of participants were insufficiently active; this was
more than doubled in the present study, where 34% were insufficiently active or classified
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as not meeting the PA recommendations. However, this may be attributed to how PA was
assessed (step count versus moderate to vigorous minutes of PA). A subsequent cross-
sectional study by Bielemann et al. [35] examined PA and polypharmacy (i.e., concomitant
use of five or more medicines) specifically in Brazilian older adults (ages 60 and up). There
was a significant inverse association seen between the lowest tertile of PA and the greatest
prevalence of prescription medicines. All three studies demonstrate that individuals who
are sedentary or insufficiently active may be taking more medications.

In the present study, participants had a higher expected number of medications if they
were white (including Hispanic White), older (between the ages of 35-54 years), and had a
higher WC. Greater prescription medication use among white persons may be attributed to
socioeconomic status, better access to care, type of health insurance coverage, and more
drug coverage with health insurance plans [36]. For example, about 25-29% of minorities
received assistance for prescription medication costs from government-assisted programs
such as Medicaid and were less likely to have private insurance coverage from employers.
Furthermore, the higher prevalence of medication use among older adults was consistent
with a population-based study by Bardel et al. [37], who examined prescription medication
use among women in Sweden. Investigators showed that women who were 45-54 years old
had a twofold increase in odds of using more prescriptions compared to women who were
35-44 years old (referent group), whereas in our study, adults (45-54 years old) had almost
a fourfold increase in the expected number of medications consumed compared to our
youngest age group (25-34 years old). Evidence has shown that prescription medication use
increases with age due to multimorbidity and an aging population where life expectancy
exceeds 75 years old in many countries [38]. Another study by Kelly et al. [39] also had
similar demographic findings that investigated the relationship between a healthy lifestyle
and mortality risk after stratification of medication use, specifically no polypharmacy,
polypharmacy, and hyperpolypharmacy. Within their study, they revealed that sedentary
individuals had higher medication usage, and higher proportions of participants with
unhealthy WC were present in the polypharmacy and hyperpolypharmacy groups. In the
present study, participants with higher WC had a fourfold increase in the expected number
of prescription medications.

The current study also revealed possible implications for sedentary behavior patterns
(i.e., sedentary bouts and breaks) regarding frequency and duration. Frequent sedentary
bouts and longer bout durations were both associated with greater prescription medication
usage. Additionally, longer sedentary breaks may be more effective in attenuating medica-
tion burden compared to more frequent breaks. This finding is consistent with a Finnish
cross-sectional study by Farrahi et al. [40] that analyzed cardiometabolic factors of adults
based on sedentary time patterns and breaks. Their study revealed that the two groups
(“Breakers” and “Shortened sitters”) with the most sedentary breaks and least amount
of sedentary time had more favorable cardiometabolic outcomes (i.e., lower adiposity,
lipids, and insulin sensitivity levels) compared to the group with the highest amount of
accumulated sedentary time. Additionally, the Breakers, which participated in longer
breaks with more MVPA between sedentary bouts, displayed greater favorable differences
in these cardiometabolic markers compared to the Shortened sitters.

Sedentary time may be linked to more prescription medication use because it is highly
correlated with many adverse health outcomes such as cardiovascular disease (CVD),
diabetes, cancers (breast, colon, colorectal, and endometrial cancer), obesity, metabolic
syndrome, and cardiovascular and all-cause mortality [4-10]. It is also linked to various
physiological factors that may increase one’s risk for chronic disease. For instance, ST has
been linked to elevated plasma triglycerides, diminished lipoprotein lipase activity, reduced
insulin sensitivity, changes in cardiac output and total peripheral resistance, reduced HDL-
cholesterol levels, lower bone mineral densities, and higher WC [7]. Many of these factors
can increase one’s risk of dyslipidemia, hypertension, diabetes mellitus, hyperglycemia,
hyperinsulinemia, insulin resistance, chronic inflammation, osteoporosis, and obesity.
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Because ST can be used to predict disease burden and mortality, the U.S. has included
brief ST recommendations in the 2018 DHHS PA Guidelines for Americans [24]. However,
these guidelines are specific to PA and are insufficient to recommend a specific threshold for
ST. It is recommended to reduce SB and break up extended periods of ST with light PA or
movement breaks. Other countries, such as the United Kingdom and Australia, also have
nonquantitative guidelines like the U.S. guidelines [41-43]. Contrastingly, Canada and
Korea have more quantified recommendations. In 2020, Canada released the first-ever 24-h
Movement Guidelines recommending no more than eight hours of ST a day, three hours
of recreational screen time, and breaking up bouts of ST as frequently as possible for all
adults [44]. Additionally, the Korean guidelines suggest that individuals have no more than
two hours per day of sedentary leisure time [45]. With more evidence emerging regarding
the health impact of ST and with the present study demonstrating greater medication use,
thus the higher prevalence of chronic diseases among sedentary individuals, we hope this
can contribute to advocating for more refined ST guidelines in the U.S.

The present study has several inherent limitations due to the study design. These
limitations include using self-reported data for prescription medication usage, which may
be subject to recall bias and a possible social desirability effect. Furthermore, there are some
adherence concerns with wearing the ActiGraph (e.g., participants forgetting to put it back
on after removing it for showering). However, if participants wore it for at least ten hours a
day for at least four days that week, they were included in the final analysis. Additionally,
our sample size did not allow for a diverse sample. Due to our study’s observational study
design, there needs to be larger experimental studies utilizing more diverse samples in
terms of age, race/ethnicity, education, and more medication types/chronic conditions. If
reproduced on a larger scale, it may be important to consider using validated questionnaires
electronically to obtain self-reported estimates of ST and to compare them to the results
of the accelerometers. For instance, the Sedentary Behavior Questionnaire (SBQ) has been
validated and proven to be reliable in adults, according to Rosenberg et al. [46]. Using
electronically accessible activity or sleep logs could also enhance the feasibility of the study
and improve participant compliance if the study were to be replicated on a larger scale.
One example is the Consensus Sleep Diary (CSD), which has been recommended by Dietch
et al. [47] to monitor total sleep time in adults.

5. Conclusions

Our findings suggest that prolonged daily ST, more frequent sedentary bouts, and
longer durations of sedentary bouts are associated with an increase in the expected number
of prescription medications taken. These relationships remain significant after adjustment
of biological sex, age, race/ethnicity, education, waist circumference, and MVPA. Future
studies should aim to develop specific ST cut-points further and advocate for their inclusion
in the U.S. DHHS PA guidelines to align with other international recommendations.

These findings postulate potential significant clinical implications of reducing total ST
as well as incorporating longer breaks from extended periods of ST to possibly alleviate
the national disease burden and attenuate the reliance on medications. While increas-
ing participation in regular PA is beneficial to improve health outcomes, there are other
various strategies that can be implemented to mitigate the adverse effects of excessive
sitting. Daily adjustments such as taking standing or walking breaks during work hours,
incorporating more movement into daily routines (e.g., using stairs, performing house-
hold chores, walking pets, or parking farther from destinations), investing in standing
desks or walking pads (especially in large corporations), and minimizing excessive screen
time can all help significantly reduce the need for medications by addressing individuals’
sedentary lifestyles.

Author Contributions: Conceptualization, C.A.B. and J.R.C.; methodology, C.A.B.,J.R.C., L.P.T. and
M.R.R,; formal analysis, C.A.B. and T.M.].; writing—original draft preparation, C.A.B.; writing—
review and editing, C.A.B., ].R.C., L.P.T., TM.]. and M.R.R; supervision, ].R.C. and L.P.T.; project



Pharmacy 2024, 12, 186 11 of 12

administration C.A.B., ].R.C. and L.P.T.; All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was approved by the Institutional Review Board
of the University of North Florida on 12 October 2022 (IRB number: 1891699-1).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available at the request of the
corresponding author in order to keep the privacy of the participants.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. World Health Organization. Noncommunicable Diseases. 2023. Available online: https:/ /www.who.int/news-room/fact-sheets/
detail /noncommunicable-diseases (accessed on 1 December 2024).

2. Boersma, P; Black, L.I.; Ward, B.W. Prevalence of multiple chronic conditions among US Adults, 2018. Prev. Chronic Dis. 2020, 17,
E106. [CrossRef] [PubMed]

3. Hacker, K. The Burden of chronic disease. Mayo Clin. Proc. Innov. Qual. Outcomes 2024, 8, 112-119. [CrossRef] [PubMed]

4. Katzmarzyk, PT,; Church, T.S,; Craig, C.L.; Bouchard, C. Sitting time and mortality from all causes, cardiovascular disease, and
cancer. Med. Sci. Sports Exerc. 2009, 41, 998-1005. [CrossRef]

5. Liew, S.J.; Petrunoff, N.A.; Neelakantan, N.; van Dam, R.M.; Miiller-Riemenschneider, F. Device-measured physical activity
and sedentary behavior in relation to cardiovascular diseases and all-cause mortality: Systematic review and meta-analysis of
prospective cohort studies. AJPM Focus 2022, 2, 100054. [CrossRef] [PubMed]

6. Yang, L,; Cao, C.; Kantor, E.D.; Nguyen, L.H.; Zheng, X.; Park, Y.; Giovannucci, E.L.; Matthews, C.E.; Colditz, G.A.; Cao, Y. Trends
in Sedentary Behavior Among the US Population, 2001-2016. JAMA J. Am. Med. Assoc. 2019, 321, 1587-1597. [CrossRef]

7. Park, J.H.; Moon, ]. H.; Kim, H.J.; Kong, M.H.; Oh, Y.H. Sedentary lifestyle: Overview of updated evidence of potential health
risks. Korean J. Fam. Med. 2020, 41, 365-373. [CrossRef]

8. Katzmarzyk, P; Powell, K,; Jakicic, J.; Troiano, R.; Piercy, K.; Tennant, B. Sedentary behavior and health: Update from the 2018
physical activity guidelines advisory committee. Med. Sci. Sports Exerc. 2019, 51, 1227-1241. [CrossRef]

9. Panahi, S,; Tremblay, A. Sedentariness and health: Is sedentary behavior more than just physical inactivity? Front. Public Health
2018, 6, 258. [CrossRef]

10. Alves, AJ; Viana, ].L.; Cavalcante, S.L.; Oliveira, N.L.; Duarte, J.A.; Mota, J.; Oliveira, ].; Ribeiro, F. Physical activity in primary
and secondary prevention of cardiovascular disease: Overview updated. World ]. Cardiol. 2016, 8, 575-583. [CrossRef]

11. Chau, J.Y,; Grunseit, A.C.; Chey, T.; Stamatakis, E.; Brown, W.J.; Matthews, C.E.; Bauman, A.E.; van der Ploeg, H.P. Daily sitting
time and all-cause mortality: A meta-analysis. PLoS ONE 2013, 8, e80000. [CrossRef]

12.  Khezrian, M.; McNeil, C.J.; Murray, A.D.; Myint, PK. An overview of prevalence, determinants and health outcomes of
polypharmacy. Ther. Adv. Drug Saf. 2020, 11, 2042098620933741. [CrossRef] [PubMed]

13. Pazan, F; Wehling, M. Polypharmacy in older adults: A narrative review of definitions, epidemiology and consequences. Eur.
Geriatr. Med. 2021, 12, 443-452. [CrossRef] [PubMed]

14. Bertoldi, A.D.; Hallal, P.C.; Barros, A.].D. Physical activity and medicine use: Evidence from a population-based study. BMC
Public Health 2006, 6, 224. [CrossRef] [PubMed]

15. Silva, L.J.; Azevedo, M.R.; Matsudo, S.; Lopes, G.S. Association between levels of physical activity and use of medication among
older women. Cad. Satide Publica 2012, 28, 463-471. [CrossRef]

16. Healy, G.N,; Clark, B.K.; Winkler, E.A.H.; Gardiner, P.A.; Brown, W.J.; Matthews, C.E. Measurement of adults’ sedentary time in
population-based studies. Am. J. Prev. Med. 2011, 41, 216-227. [CrossRef]

17.  Matthews, C.E.; Ainsworth, B.E.; Thompson, R.W.; Bassett, D.R. Sources of variance in daily physical activity levels as measured
by an accelerometer. Med. Sci. Sports Exerc. 2002, 34, 1376-1381. [CrossRef]

18. Troiano, R.P; Berrigan, D.; Dodd, K.W.; Masse, L.C.; Tilert, T.; McDowell, M. Physical activity in the United States measured by
accelerometer. Med. Sci. Sports Exerc. 2008, 40, 181-188. [CrossRef]

19. Airlie, ].; Forster, A.; Birch, K. M. An investigation into the optimal wear time criteria necessary to reliably estimate physical
activity and sedentary behaviour from ActiGraph wGT3X+ accelerometer data in older care home residents. BMIC Geriatr. 2022,
22,136. [CrossRef]

20. Quante, M.; Kaplan, E.R.; Rueschman, M.; Cailler, M.; Buxton, O.M.; Redline, S. Practical considerations in using accelerometers
to assess physical activity, sedentary behavior, and sleep. Sleep Health 2015, 1, 275-284. [CrossRef]

21. Neishabouri, A.; Nguyen, J.; Samuelsson, J.; Guthrie, T.; Biggs, M.; Wyatt, J.; Cross, D.; Karas, M.; Migueles, ].H.; Khan, S.; et al.
Quantification of acceleration as activity counts in ActiGraph wearable. Sci. Rep. 2022, 12, 11958. [CrossRef]

22.  Freedson, PS.; Melanson, E.; Sirard, J. Calibration of the Computer Science and Applications, Inc. Accelerometer. Med. Sci. Sports

Exerc. 1998, 30, 777-781. [CrossRef] [PubMed]


https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://doi.org/10.5888/pcd17.200130
https://www.ncbi.nlm.nih.gov/pubmed/32945769
https://doi.org/10.1016/j.mayocpiqo.2023.08.005
https://www.ncbi.nlm.nih.gov/pubmed/38304166
https://doi.org/10.1249/MSS.0b013e3181930355
https://doi.org/10.1016/j.focus.2022.100054
https://www.ncbi.nlm.nih.gov/pubmed/37789935
https://doi.org/10.1001/jama.2019.3636
https://doi.org/10.4082/kjfm.20.0165
https://doi.org/10.1249/MSS.0000000000001935
https://doi.org/10.3389/fpubh.2018.00258
https://doi.org/10.4330/wjc.v8.i10.575
https://doi.org/10.1371/journal.pone.0080000
https://doi.org/10.1177/2042098620933741
https://www.ncbi.nlm.nih.gov/pubmed/32587680
https://doi.org/10.1007/s41999-021-00479-3
https://www.ncbi.nlm.nih.gov/pubmed/33694123
https://doi.org/10.1186/1471-2458-6-224
https://www.ncbi.nlm.nih.gov/pubmed/16956396
https://doi.org/10.1590/S0102-311X2012000300006
https://doi.org/10.1016/j.amepre.2011.05.005
https://doi.org/10.1097/00005768-200208000-00021
https://doi.org/10.1249/mss.0b013e31815a51b3
https://doi.org/10.1186/s12877-021-02725-6
https://doi.org/10.1016/j.sleh.2015.09.002
https://doi.org/10.1038/s41598-022-16003-x
https://doi.org/10.1097/00005768-199805000-00021
https://www.ncbi.nlm.nih.gov/pubmed/9588623

Pharmacy 2024, 12, 186 12 of 12

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

World Health Organization. Waist Circumference and Waist-Hip Ratio: Report of a WHO Expert Consultation; World Health
Organization: Geneva, Switzerland, 2011.

U.S. Department of Health and Human Services. Physical Activity Guidelines for Americans, 2nd ed.; U.S. Department of Health
and Human Services: Washington, DC, USA, 2018.

Centers for Disease Control and Prevention National Center for Health Statistics. National Health and Nutrition Examination Survey
Data, 2017-2018; U.S. Department of Health and Human Services, Centers for Disease Control and Prevention: Hyattsville, MD,
USA, 2020.

Centers for Disease Control and Prevention-National Center for Health Statistics. The Ambulatory Care Drug Database System.
2018. Available online: https://www?2.cdc.gov/drugs/applicationnavl.asp (accessed on 9 February 2023).

International Business Machines Corporation. IBM SPSS Statistics 26 Brief Guide; International Business Machines Corporation:
Armonk, NY, USA, 2022.

Martin, C.; Hales, C.; Gu, Q.; Ogden, C. Prescription Drug Use in the United States, 2015-2016. NCHS Data Brief No. 334. 2019.
Available online: https://www.cdc.gov/nchs/data/databriefs/db334-h.pdf (accessed on 9 February 2023).

Neutel, C.I. Drug utilization patterns as indicators. Pharmacoepidemiol. Drug Saf. 1998, 7, 131-133. [CrossRef]

Huber, C.A.; Szucs, T.D.; Rapold, R; Reich, O. Identifying patients with chronic conditions using pharmacy data in Switzerland:
An updated mapping approach to the classification of medications. BMC Public Health 2013, 13, 1030. [CrossRef]

Faul, F; Erdfelder, E.; Buchner, A.; Lang, A. Statistical power analyses using GPower 3.1: Tests for correlation and regression
analyses. Behav. Res. Methods 2009, 41, 1149-1160. [CrossRef]

Bauman, A.E.; Petersen, C.B.; Blond, K.; Rangul, V.; Hardy, L.L. The Descriptive epidemiology of sedentary behaviour. In
Sedentary Behaviour Epidemiology; Springer International Publishing: Cham, Switzerland, 2017; pp. 73-106.

Kantor, E.D.; Rehm, C.D.; Haas, J.S.; Chan, A.T.; Giovannucci, E.L. Trends in prescription drug use among adults in the United
States from 1999-2012. JAMA ]. Am. Med. Assoc. 2015, 314, 1818-1830. [CrossRef] [PubMed]

Celis-Morales, C.A.; Perez-Bravo, F,; Ibafiez, L.; Salas, C.; Bailey, M.E.S.; Gill, ].M.R. Objective vs. self-reported physical activity
and sedentary time: Effects of measurement method on relationships with risk biomarkers. PLoS ONE 2012, 7, e36345. [CrossRef]
[PubMed]

Bielemann, R.M.; Silveira, M.P.T.; Lutz, B.H.; Miranda, V.I.A.; Gonzalez, M.C.; Brage, S.; Ekelund, U.; Bertoldi, A.D. Objectively
measured physical activity and polypharmacy among Brazilian community-dwelling older adults. J. Phys. Act. Health 2020, 17,
729-735. [CrossRef] [PubMed]

Briesacher, B.; Limcangco, R.; Gaskin, D. Racial and ethnic disparities in prescription coverage and medication use. Health Care
Financ. Rev. 2003, 25, 63-76.

Bardel, A.; Wallander, M.; Svardsudd, K. Reported current use of prescription drugs and some of its determinants among 35 to
65-year-old women in mid-Sweden: A population-based study. J. Clin. Epidemiol. 2000, 53, 637-643. [CrossRef]

World Health Organization. Multimorbidity: Technical Series on Safer Primary Care; World Health Organization: Geneva, Switzerland,
2016.

Kelly, N.A.; Soroka, O.; Onyebeke, C.; Pinheiro, L.C.; Banerjee, S.; Safford, M.M.; Goyal, P. Association of healthy lifestyle and
all-cause mortality according to medication burden. J. Am. Geriatr. Soc. (JAGS) 2021, 70, 415-428. [CrossRef]

Farrahi, V.; Kangas, M.; Kiviniemi, A.; Puukka, K.; Korpelainen, R.; Jimsi, T. Accumulation patterns of sedentary time and breaks
and their association with cardiometabolic health markers in adults. Scand. J. Med. Sci. Sports 2021, 31, 1489-1507. [CrossRef]
[PubMed]

UK Department of Health. UK Chief Medical Officers’ Physical Activity Guidelines; UK Department of Health: London, UK, 2019.
Australian Government-Department of Health and Aged Care. Physical Activity and Exercise Guidelines for All Australians;
Australian Government-Department of Health and Aged Care: Woden, Australia, 2021.

Young, D.; Hivert, M.; Alhassan, S.; Cambhi, S.M.; Ferguson, J.F.; Katzmarzyk, P.T.; Lewis, C.E.; Owen, N.; Perry, C.K,; Siddique, J.;
et al. Sedentary behavior and cardiovascular morbidity and mortality: A science advisory from the American Heart Association.
Circulation 2016, 134, e262—-€279. [CrossRef] [PubMed]

Ross, R.; Chaput, J.; Giangregorio, L.M.; Janssen, 1.; Saunders, T.J.; Kho, M.E.; Poitras, V.J.; Tomasone, ]J.R.; El-Kotob, R,;
McLaughlin, E.C. Canadian 24-Hour movement guidelines for adults aged 18-64 years and adults aged 65 years or older: An
integration of physical activity, sedentary behaviour, and sleep. Appl. Physiol. Nutr. Metab. 2020, 45 (Suppl. S2), S57-5102.
[CrossRef] [PubMed]

Ministry of Health and Welfare. The Physical Activity Guide for Koreans; Ministry of Health and Welfare: Sejong, Republic of Korea,
2013.

Rosenberg, D.E.; Norman, G.J.; Wagner, N.; Patrick, K.; Calfas, K.J.; Sallis, ].F. Reliability and validity of the Sedentary Behavior
Questionnaire (SBQ) for adults. J. Phys. Act. Health 2010, 7, 697-705. [CrossRef] [PubMed]

Dietch, J.R.; Taylor, D.J. Evaluation of the Consensus Sleep Diary in a community sample: Comparison with single-channel
electroencephalography, actigraphy, and retrospective questionnaire. J. Clin. Sleep Med. 2021, 17, 1389-1399. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://www2.cdc.gov/drugs/applicationnav1.asp
https://www.cdc.gov/nchs/data/databriefs/db334-h.pdf
https://doi.org/10.1002/(SICI)1099-1557(199803/04)7:2%3C131::AID-PDS337%3E3.0.CO;2-I
https://doi.org/10.1186/1471-2458-13-1030
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.1001/jama.2015.13766
https://www.ncbi.nlm.nih.gov/pubmed/26529160
https://doi.org/10.1371/journal.pone.0036345
https://www.ncbi.nlm.nih.gov/pubmed/22590532
https://doi.org/10.1123/jpah.2019-0461
https://www.ncbi.nlm.nih.gov/pubmed/32473590
https://doi.org/10.1016/S0895-4356(99)00228-0
https://doi.org/10.1111/jgs.17521
https://doi.org/10.1111/sms.13958
https://www.ncbi.nlm.nih.gov/pubmed/33811393
https://doi.org/10.1161/CIR.0000000000000440
https://www.ncbi.nlm.nih.gov/pubmed/27528691
https://doi.org/10.1139/apnm-2020-0467
https://www.ncbi.nlm.nih.gov/pubmed/33054332
https://doi.org/10.1123/jpah.7.6.697
https://www.ncbi.nlm.nih.gov/pubmed/21088299
https://doi.org/10.5664/jcsm.9200

	Introduction 
	Methods 
	Results 
	Discussion 
	Conclusions 
	References

