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ABSTRACT

Background and aims: The American Diabetes Association recommends that individuals with type 2 diabetes (T2D) engage in at least 150 min of physical activity per
week for optimal health. However, depressive symptoms, prevalent in this population, may hinder the ability to follow this recommendation, particularly during
stressful events like the COVID-19 pandemic. This longitudinal study aimed at investigating the impact of depressive symptoms on physical activity levels among
individuals with T2D during the COVID-19 pandemic.

Methods: We analyzed data from 5348 individuals with T2D participating in the All of Us Research Program’s COVID-19 Participant Experience (COPE) survey.
Depressive symptoms and physical activity levels were measured using the Patient Health Questionnaire (PHQ-9) and the International Physical Activity Ques-
tionnaire (IPAQ), respectively. Stabilized inverse probability weights (SIPW)-weighted mixed-effect logistic regression models evaluated the association between
depressive symptoms and physical activity across three time points: May, June, and July 2020.

Results: Participants had a mean age of 61.43 (11.63) years, with majority being female (56.49%) and non-Hispanic White (76.25%). At baseline, 50% of the
participants had moderate-to-severe depressive symptoms, and 20% were physically active. The predicted probability of being physically active decreased with
increasing depressive symptoms (aOR = 0.66; 95%CI: 0.60, 0.73). The inverse association between depressive symptoms and physical activity was strongest among
non-Hispanic White.

Conclusions: Depressive symptoms were significantly associated with lower odds of engaging in physical activity among individuals with T2D during the COVID-19
period. Further studies capturing pre- and post-pandemic data are needed to clarify the pandemic’s impact on these associations.

1. Introduction T2D, who have a two to threefold higher risk of developing the condition
compared to the general population (Badescu et al., 2016). This co-
morbidity contributes to poorer health outcomes, including worse gly-

cemic control (Ali et al., 2023) and increased risk of diabetes-related

The global prevalence of diabetes has been on a steady rise, with
more than 537 million adults (representing 10.5%) living with the

condition as of 2021 (IDF, 2021). In the United States (US), over 11.6%
of adults were affected by diabetes in the same year (CDC, 2022), with
type 2 diabetes (T2D) being the most prevalent form, accounting for
90-95% of diagnosed cases (CDC, 2020). T2D presents numerous chal-
lenges for affected individuals, impacting not only their physical health
but also their psychological well-being, which is often overlooked
(Akyirem et al., 2022). A recent study revealed that approximately three
in five adults with T2D experience mental health difficulties, such as
diabetes-related distress, anxiety, and depression (Kelly et al., 2024).
Depression, in particular, disproportionately affects individuals with

complications (Wu et al., 2020). Additionally, several studies highlight
the synergistic relationship between depression and diabetes, which
significantly reduces quality of life (Juarez-Rojop et al., 2018), increases
the risk of disability (Black et al., 2003) and all-cause mortality rate (van
Dooren et al., 2013). The impact of depression on health outcomes have
been largely linked to its influence on diabetes self-management, with
studies indicating a significant association between depression and
non-adherence to anti-diabetes medications and healthy eating (Katon
et al., 2009; Pouwer et al., 2013; Schmitt et al., 2021). Additionally,
several cross-sectional studies have identified an association between
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depression and low uptake of physical activities in individuals with
diabetes (Lysy et al., 2008; Mendes et al., 2019).

Physical activity plays a crucial role in the management of T2D.
Engaging in regular physical activity has been shown to improve insulin
sensitivity, promote weight management, and reduce the risk of car-
diovascular complications associated with T2D (Colberg et al., 2016;
Cannata et al., 2020). Thus, the American Diabetes Association recom-
mends at least 150 min per week of moderate-intensity aerobic exercise
along with at least 2 sessions/week of resistance exercise for individuals
with diabetes (Colberg et al., 2016). However, it is likely that individuals
with comorbid depression and T2D may not achieve this recommenda-
tion as studies have shown that depression can lead to decreased moti-
vation, self-esteem, and increased fatigue, which may diminish interest
in physical activities (Sowislo & Orth, 2013; Kraft et al., 2023).

The COVID-19 pandemic introduced additional challenges for in-
dividuals with T2D. During the pandemic, people with diabetes were
identified as being at increased risk for COVID-19-related hospitaliza-
tion, intensive care unit admission, and mortality (Kastora et al., 2022;
Ekpor & Akyirem, 2023), leading to strong recommendations to adhere
to social distancing and lockdown policies. Research suggests that these
restrictions exacerbated mental health issues, including depression,
while limiting opportunities for physical activity (Leite et al., 2022). For
individuals already managing the dual burden of depression and T2D,
the barriers to maintaining recommended physical activity levels may
have been further intensified during the pandemic.

Whereas several studies have reported a significant association be-
tween depression and physical activity, they are predominantly cross-
sectional (Lysy et al., 2008; Sumlin et al., 2014; Mendes et al., 2019;
Lai et al., 2022), and thus, limits the causal interpretation or direc-
tionality of this relationship. The few existing longitudinal studies, were
however conducted before the occurrence of the COVID-19 outbreak
(Gonzalez et al., 2008; Ivanova et al., 2017), undermining the under-
standing of the actual impact of depression on physical activity in in-
dividuals with T2D during the pandemic period. By prospectively
tracking changes in depressive symptoms and physical activity levels
over time, the purpose of this study was to investigate the impact of
depressive symptoms on physical activity among individuals with T2D
during the COVID-19 pandemic. We hypothesized that higher levels of
depressive symptoms will be associated with lower levels of physical
activity over time.

2. Methods
2.1. The All of Us Research Program

This study uses data from the All of Us Research Program. The pro-
tocol for this research program has been described elsewhere and has
been approved by the program’s Institutional Review Board (IRB) (All of
Us Research Program Investigators et al., 2019). Briefly, the All of Us
program is an ongoing National Institute of Health (NIH)-funded lon-
gitudinal study that began enrolment of participants in May 2018. The
program seeks to recruit more than 1 million adults with a special focus
on individuals that are historically underrepresented in medical
research in the United States, including racial and sexual minority
groups (Ramirez et al., 2022). Enrollment onto this research program
occurs online via an app or the program’s website. After providing
informed consent to the study, participants are asked to complete a
battery of questionnaires at baseline. Participants may also consent to
sharing their electronic health information and Fitbit data to the study.
Further data collection including physical assessments and specimen
collection may happen in person at a designated healthcare facility
including the over 380 partner healthcare sites (Ramirez et al., 2022).

2.2. COVID-19 Participant Experience survey (COPE)
The COVID-19 Participant

Experience (COPE) survey was
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administered as part of the All of Us Research Program at 6 timepoints in
May 2020, June 2020, July 2020, November 2020, December 2020, and
February 2021 to evaluate the longitudinal impact of the COVID-19
pandemic on health outcomes. The survey contained measures for
anxiety, depressive symptoms, physical activity, social support, loneli-
ness, as well as specific COVID-19 questions. The All of Us program
provides an opportunity to link participants’ responses to the COPE
survey to their electronic health records, Fitbit data, genomic data,
physical measurements, and other surveys administered as part of the
program. For the present study, we conducted a longitudinal analysis of
the May, June, and July 2020 COPE surveys. We chose these three
surveys because they collected data on physical activity and depressive
symptoms using the same instruments.

2.3. Selection of study cohort

Participants were included in this longitudinal analysis if they had
T2D, had completed at least one of the May, June, or July 2020 COPE
surveys, were 18 years or older, had baseline body mass index (BMI)
record prior to or in May 2020, and had complete data on all socio-
demographic variables of interest. Cases of T2D were either self-
reported or extracted from electronic health records using a pheno-
type algorithm that has been validated for retrieving T2D cases from
electronic medical records (Pacheco, Thompson & Northwest-
ernUniversity, 2012). This phenotype algorithm allowed us to include
patients who had T2D diagnosis codes, T2D medication, HbA1C results
of >6.5%, fasting plasma glucose of 125 mg/dl, or random plasma
glucose of 200 mg/dl, and no type 1 diabetes diagnostic codes in their
EHR which is linked to the All of Us program. Diagnosis codes used to
identify T2D cases in the EHR included International Classification of
Disease (ICD) 9 codes: 250.X0, 250.X2, and ICD-10 codes: E11.X, E11.
XX, E11.XXX, and E11.XXXX where X stands for any number from 0 to 9.
We used structured query language (SQL) to extract the electronic health
records cases of T2D in the Researcher Workbench of the All of Us
program. Overall, 22,059 individuals with T2D with complete data on
all sociodemographic variables were identified, out of whom 5348
completed at least one of the COPE surveys from May to July 2020 and
were included in the final analysis.

2.4. Outcome measures

Depressive symptoms. Depressive symptoms were measured at
three timepoints with the 9-item Patient Health Questionnaire (PHQ-9)
(Kroenke et al., 2010). Each PHQ-9 item is measured on a 4-point Likert
scale “0” (not at all) to “3” (nearly every day). Representative items of
the PHQ-9 include “feeling down, depressed, or hopeless?” and “Poor
appetite or overeating?”. The instrument is scored by summing the
scores of all the 9 items, with total scores ranging from 0 to 27. As
recommended, items with missing responses were only imputed (with
the mean score calculated from the remaining items) if the number of
missing items for the participant were less than 3, otherwise, the total
PHQ-9 score was coded as missing (Kroenke et al., 2010). Higher PHQ-9
scores indicate higher depressive symptoms. For descriptive purposes,
the total PHQ-9 score was also dichotomized into “none-to-mild
depressive symptoms” (0-9) and “moderate-to-severe depressive
symptoms” (10-27).

Physical activity. Physical activity was measured at three time
points with the short version of the International Physical Activity
Questionnaire (IPAQ) (Craig et al., 2003). IPAQ assesses physical ac-
tivity in the past 7 days by asking for the amount of time and number of
days per week one engages in walking, vigorous, and moderate physical
activities. Vigorous activities include heavy lifting, digging, aerobics, or
fast bicycling. Moderate activities include carrying light loads, bicycling
at a regular pace, or doubles tennis (Craig et al., 2003).

We processed IPAQ data by following the detailed guidelines
described in the IPAQ manual (Forde, 2018). For instance, values of 15,
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30, 45, 60 and 90 in the hours column (only present in the May 2020
COPE survey) were converted to 15, 30, 45, 60 and 90 min, respectively,
in the minutes column; participants who skipped walking, moderate or
vigorous days or minutes questions had their total IPAQ score coded as
missing; participants with walking, moderate and vigorous time vari-
ables summing up to 960 min also had their total IPAQ score coded as
missing to exclude data which are unreasonably high; and minutes of
physical activity less than 10 min were recoded as 0. The total IPAQ
score was expressed as metabolic equivalent task (MET) minute per
week. The MET-minute/week score was obtained by using the formula
(Hagstromer and Sjostrom, 2006):

3.3 X walking minutes X walking days
+ 4.0 X moderate activity minutes X moderate activity days
+ 8.0 X vigorous activity minutes X vigorous days.

An indicator variable was created for physical activity such that 1 =
total IPAQ greater than or equal to 600 MET-minute per week (physi-
cally active) and 0 = total IPAQ less than 600 MET-minute per week
(physically inactive). We chose 600 MET-minute per week as the cut-off
point based on the IPAQ manual (Craig et al., 2003) and American
Diabetes Association guidelines for physical activity in diabetes of 150
min/week of moderate activity (equivalent to 600 MET-minute/week)
(Colberg et al., 2016).

Sociodemographic data. The following time-invariant sociodemo-
graphic data were included in this study: age, sex assigned at birth
(recoded as male, female, Others), race and ethnicity (recoded as Non-
Hispanic White, Non-Hispanic Black, Hispanic, Others), marital status
(recoded as married or partnered, single, and widowed/separated/
divorced), highest education (recoded as high school or less, some col-
lege education, college degree, and advanced degree), and annual in-
come (recoded as less than $50,000, $50,000-$99,999, and $100,000 or
more). The “other” race and ethnicity included Asian, Pacific Islanders,
Middle Eastern/North African, identifying with more than one race, and
those who “prefer not to say”. The “other” sex at birth included those
who identified as intersex, neither male or female, and those who “prefer
not to say”. All sociodemographic data were participant provided in-
formation and were collected via the “basic survey” that is administered
to all participants at enrollment into the All of Us program. We focused
on demographic data available between 2018 and 2020.

BMI. Height and weight were measured by trained staff using stan-
dard procedures. BMI were computed using the formula: weight (in ki-
lograms)/[height (in meters)]%. BMI was then recoded as normal [<25
kg/m?], overweight [25.0 kg/m? — 29.9 kg/m?, and obese [>30 kg/
mz]). We only used the most recent BMI values measured in or prior to
May 2020 (baseline) in the current analysis.

2.5. Statistical analysis

Data analysis was conducted in the Researcher Workbench of the All
of Us program using R programming language. Descriptive statistics
such as means, standard deviations, proportions, medians, and inter-
quartile ranges were computed as appropriate. We compared the soci-
odemographic characteristics of our final analytic sample (N = 5348)
with the cohort of persons with T2D from the larger All of Us program
database who had baseline BMI record (N = 22,059). To address the
healthy volunteer bias in completing the COPE surveys, we computed
stabilized inverse probability weights (sSIPW). The sIPW was determined
by calculating the predicted probabilities that a person with T2D will
complete the COPE survey at each of the three time points and finding
the inverse of the product of all three probabilities. The probabilities of
completing the survey were predicted by participants’ age, sex, BMI
categories, marital status, education, income, and race and ethnicity.
Next, we assessed the longitudinal association between depressive
symptoms as independent variable (continuous variable) and physical
activity as outcome variable using sIPW-weighted mixed effect logistic
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regression model while adjusting for all sociodemographic and BMI data
as covariates. All continuous variables in the model were mean-
centered. The mixed effect model allowed us to accommodate for
missing responses at certain timepoints. Lastly, we plotted the predicted
probabilities of being physically active while highlighting interaction
effects of the predictor with race and ethnicity and survey months. A p-
value of 0.05 or less was considered statistically significant.

3. Results
3.1. Characteristics of study sample

Table 1 details the characteristics of study participants. Most par-
ticipants were non-Hispanic White (76.25%), married or partnered
(58.21%), women (56.49%), and had BMI >30 kg/m2 (69.63%).
Compared to the larger cohort of T2D individuals in the All of Us dataset,
persons with T2D who completed the COPE survey were more likely to
be non-Hispanic White (76.25% vs 50.67%), to be a college graduate
(54.86% vs 34.38%), and have an income of $50,000 or more (59.58%
vs 35.79%).

As shown in Fig. 1, the prevalence of moderate-to-severe depressive
symptoms remained stable from May to June 2020, and then decreased
slightly from 50% in June to 47% in July 2020. In contrast, the pro-
portion of participants who were physically activity declined from May
(20%) to June (18%) and remained stable from June to July. After
stratifying by race and ethnicity, we observed that at baseline, non-
Hispanic Blacks and Hispanics had significantly higher prevalence of
moderate-to-severe depressive symptoms compared to non-Hispanic
Whites (p = 0.0002). Hispanic participants reported a steady decline
in physical activity rates whereas the proportion of Blacks and Whites

Table 1
Characteristics of study participants; Comparing COPE Survey Respondents with
persons with T2D in the All of Us (AoU) program.

Characteristics Persons with T2D who Persons with T2D in the
completed the COPE overall AoU database®
survey.

N = 5348 N = 22059
N (%) N (%)

Race and ethnicity

Non-Hispanic White 4078 (76.25) 11178 (50.67)

Non-Hispanic Black 590 (11.03) 5910 (26.79)

Hispanic 393 (7.35) 3816 (17.30)

Other 287 (5.37) 1155 (5.24)
Marital status

Single 836 (15.63) 4522 (20.50)

Married or partnered
Divorced/separated/

3113 (58.21)
1399 (26.16)

10264 (46.53)
7273 (32.97)

widowed
Sex at birth
Female 3021 (56.49) 12722 (57.67)
Male 2296 (42.93) 9220 (41.80)
Others 31 (0.58) 117 (0.53)
Education
High school or less 680 (12.72) 7499 (33.69)

Some college
education
College degree
Advanced degree
Income
< $50,000
$50,000-$99,999
$100,000 or more
Body mass index
Normal [<25 kg/mz]
Overweight [25.0 kg/
m? - 29.9 kg/m?]
Obese [>30 kg/m?]
Age in years (mean, SD)

1734 (32.42) 6976 (31.62)

1465 (27.39)
1469 (27.47)

4117 (18.66)
3467 (15.72)

2162 (40.42)
1681 (31.43)
1505 (28.15)

14165 (64.21)
4546 (20.61)
3348 (15.18)

392 (7.33)
1232 (23.04)

1891 (8.57)
4996 (22.65)

3724 (69.63)
61.43 (11.63)

15172 (68.78)
59.00 (12.66)

# Includes persons with T2D who had baseline BMI in or before May 2020.
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Fig. 1. Trends in the proportion of participants who are physically active and
have moderate-to-severe depressive symptoms over time.

who were physically activity remained relatively stable (Supplementary
Fig. S1).

3.2. Mixed effect logistics regression

The predicted probability of being physically active decreased with
increasing depressive symptoms (Fig. 2). As shown in Table 2, partici-
pants who had higher depressive symptoms had 34% lower odds of
being physically active (aOR = 0.66; 95%CI: 0.60, 0.73). We found a
significant interaction between survey month and depressive symptoms.
As shown in Fig. 3 and Supplementary Table S1, the association between
depressive symptoms and physical activity was strongest in the month of
July (p for interaction <0.0001). Similarly, we found a significant

40%

Predicted probabilities of being physically active

1 2
PHQ-9 scores (mean-centered)

Fig. 2. Predicted probability of being physically active as depression
scores increase.
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Table 2
Inverse probability weighted mixed effect logistics regression model with
physical activity as outcome.

Variable Adjusted OR (95% CI) p-value
Depressive symptoms
Depressive symptoms (PHQ-9) 0.66 (0.60, 0.73) <0.0001
Survey month
May [Reference]
June 0.45 (0.37, 0.55) <0.0001
July 0.89 (0.74, 1.08) 0.2546
Race and ethnicity
Non-Hispanic White [Reference]
Non-Hispanic Black 0.67 (0.48, 0.94) 0.019
Hispanic 0.69 (0.48, 1.00) 0.051
Other 1.98 (1.21, 3.23) 0.007
Marital status
Single [Reference]
Married or partnered 1.36 (0.94, 1.96) 0.104
Divorced/separated/widowed 1.09 (0.75, 1.58) 0.649
Sex at birth
Female [Reference]
Male 2.16 (1.64, 2.83) <0.0001
Others 0.33 (0.02, 5.92) 0.449
Education
High school or less [Reference]
Some college education 1.50 (1.08, 2.08) 0.015
College graduate 2.53 (1.73, 3.69) <0.0001
Advanced degree 3.72 (2.45, 5.64) <0.0001
Income
< $50,000 [Reference]
$50,000-$99,999 1.48 (1.07, 2.03) 0.017
$100,000 or more 2.30 (1.55, 3.43) <0.0001
Body mass index
Normal [<25 kg/m?] [Reference]
Overweight [25.0 kg/m2 — 29.9 kg/m2] 0.53 (0.31, 0.89) 0.016
Obese [>30 kg/m2] 0.25 (0.15, 0.40) <0.0001
Age 0.89 (0.78, 1.02) 0.383
[
=
G 609
©
2>
©
)
w
>
=
o
o
=
0 40%
Qo
6
w
0
%
©
- |
IS
2 20%
el
[
S
el
o
o
0%
-1 0 1 2 3 4

PHQ-9 scores (mean-centered)

Survey Month E May E June E July

Fig. 3. Interaction effect between Survey Month and Depressive Symptoms.

interaction between depressive symptoms and race and ethnicity such
that the inverse association between depressive symptoms and physical
activity was strongest among non-Hispanic Whites. Specifically, as
depressive symptoms increased, non-Hispanic Whites demonstrated a
steeper decline in their predicted probability of being physically active
compared to non-Hispanic Blacks and Hispanics (Fig. 4 and
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Predicted probabilities of being physically active

1 0 1 2 3 4
PHQ-9 scores (mean-centered)

Race and Ethnicitiy EI White [El Black E Hispanic |E’ Other

Fig. 4. Interaction effect between race and ethnicity and depressive symptoms.
Supplementary Table S2).
4. Discussion

This study examined the longitudinal effect of depressive symptoms
on physical activity among individuals with T2D during the COVID-19
pandemic, offering valuable insights into how psychosocial factors,
exacerbated by the pandemic, influence self-care behaviors in this
vulnerable population. At baseline, we found that 50% of the study
participants had moderate-to-severe depressive symptoms, while only
20% were physically active. We also identified a significant association
between depressive symptoms and physical activity, wherein partici-
pants experiencing higher depressive symptoms were significantly less
inclined to engage in physical activities over time. Furthermore, we
found that the likelihood of not engaging in physical activity increased
significantly across the timepoints investigated and was more pro-
nounced among non-Hispanic White participants.

The prevalence of moderate-to-severe depressive symptoms in our
study sample is markedly higher than previously reported in individuals
with diabetes before the COVID-19 pandemic. For instance, in a na-
tionally representative sample of US T2D participants in the National
Health and Nutrition Examination Survey, Wang et al. (2016) reported a
10.6% prevalence of moderate-to-severe depressive symptoms. Koyama
et al. (2023), using data from the Behavioral Risk Factor Surveillance
System, also reported a 29.2% overall prevalence of depression in 55,
881 adults with diabetes sampled across all fifty states in the US.
Considering that our data was collected during the COVID-19 pandemic,
the elevated prevalence of depressive symptoms in our participants may
reflect the added stressors and disruptions brought about by the
pandemic.

Behavioral changes, including significant reductions in physical ac-
tivity levels, were widely reported during the pandemic (Leite et al.,
2022). Studies comparing pre- and post-pandemic data highlight this
trend. For example, McCarthy et al. (2021) reported that 63% of in-
dividuals experienced a decrease in physical activity during lockdowns
compared to pre-pandemic periods. In individuals with diabetes, Assa-
loni et al. (2020) documented a decrease in exercise time from 66 min
pre-lockdown to 38 min during lockdown. Although our study did not
compare pre- and post-pandemic physical activity, our findings align
with this trend, as only 20% of participants reported engaging in any
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form of physical activity. This figure contrasts sharply with
pre-pandemic engagement rates, which ranged from 39% to 67% in
individuals with diabetes (Johnson et al., 2019; Morrato et al., 2007).

Several studies have found a significant association between
depression and physical activity in individuals with T2D (Lysy et al.,
2008; Sumlin et al., 2014; Mendes et al., 2019; Lai et al., 2022). Studies,
using correlation analysis in exploring directionality, have revealed a
negative impact of depression on physical activity in individuals with
T2D, with the correlation coefficient (r) ranging from —0.17 to —0.46
(Sumlin et al., 2014). Using the sIPW-weighted mixed effect logistic
regression model, we also identified a similar pattern, with individuals
with T2D who had higher depressive symptoms having a 34% reduction
in their tendency to engage in the recommended physical activity.
Additionally, our study provided longitudinal evidence of this rela-
tionship, with the findings revealing that the impact of depression on
physical activity increased consistently over the three months study
period. Similar pattern has been reported in previous longitudinal
studies conducted before the COVID-19 pandemic (Gonzalez et al.,
2008; Ivanova et al., 2017). For instance, at 9-month follow-up, Gon-
zalez et al. (2008) found that the experience of depression was signifi-
cantly associated with poorer adherence to physical activity. Ivanova
etal. (2017) in their cohort study also reported that, at both 1 and 2-year
post baseline follow-ups, symptoms of depression were associated with
lower exercise frequency in individuals with T2D.

Several mechanisms, may underlie the observed association between
depression and physical activity among individuals with T2D. Studies
have shown that depression can lead to feelings of fatigue (Pouwer et al.,
2013; Kraft et al.,, 2023), which can act as a barrier to engaging in
physical activity. Moreover, a previous study has found that depression
can diminish the sense of self-efficacy in individuals with T2D
(Cherrington et al., 2010), which can erode their confidence in initiating
and sustaining physical activity. Furthermore, recent study has revealed
that depression is associated with cognitive impairment (including
decline in memory and executive function) in individuals with diabetes
(Chow et al., 2022). These cognitive deficits can interfere with the
planning, initiation, and execution of goal-directed behaviors, including
engaging in physical activity. The stressors introduced by COVID-19,
such as lockdowns and social isolation, likely amplified these depres-
sive symptoms in individuals with T2D, further reducing motivation and
capacity to engage in physical activity. Moreover, previous research has
established an inverse relationship between physical activity and
depression (Pearce, Garcia, Abbas et al., 2022), suggesting that reduced
physical activity may worsen mood, potentially creating a cyclical
relationship between depression and inactivity. While these mechanisms
provide a plausible explanation for the association observed in our
study, it is important to note that this evidence has not been empirically
examined in individuals with T2D. Therefore, further research is
necessary to explore the underlying mechanisms and confirm the causal
relationship between depression and physical activity in this population.

Our stratified analysis based on race and ethnicity revealed signifi-
cant variations in the levels of depression and its impact on physical
activity. Consistent with previous studies, we found that non-Hispanic
Blacks and Hispanics, identified as ethnic minorities, exhibited a
higher prevalence of moderate-to-severe depressive symptoms
compared to non-Hispanic Whites (Bailey et al., 2019; Breland et al.,
2023). However, our findings indicate that depressive symptoms in
non-Hispanic White participants led to a more pronounced decrease in
physical activity levels than those observed in ethnic minority groups.
This is surprising given the consistent evidence that ethnic minorities are
more likely to experience prolonged depression, which significantly
impacts their daily functioning (Bailey et al., 2019). Considering the
sense of solidarity and collective resilience found in many ethnic mi-
nority communities (Taylor et al., 2022), it is likely that these social
factors may buffer the impact of depression on physical activity among
these groups. Nonetheless, further research is warranted to empirically
validate this assertion.
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The findings from this study have important implications for
healthcare practice and research. The high prevalence of moderate-to-
severe depressive symptoms among individuals with T2D underscores
the need for routine screening and management of depression in this
population, especially during periods of heightened stressors such as the
pandemic. Given the association between depression and physical ac-
tivity, it is pertinent that interventions aimed at promoting physical
activity among individuals with T2D incorporate strategies to address
depressive symptoms. This may include cognitive-behavioral techniques
to challenge negative thought patterns, stress management strategies,
and social support networks to improve motivation and self-efficacy for
physical activity (Xie & Deng, 2017; Franquez et al., 2023). The longi-
tudinal nature of the association between depression and physical ac-
tivity highlights the need for interventions that are tailored to provide
ongoing support and encouragement over time. This may involve reg-
ular follow-ups, behavioral monitoring, and adjustment of intervention
strategies based on individual progress and needs (Uniitzer & Park,
2012).

4.1. Limitations and strengths

This study has several limitations. First, the subjective measures used
to assess physical activity may be prone to recall and social desirability
biases. Future studies should consider using objective measures of
physical activity including pedometers and Fitbit technologies. Second,
the measurement of physical activity and depressive symptoms at the
same time across all three months may limit our ability to fully conclude
on the direction of effects between our dependent and outcome vari-
ables. Moreover, the relatively brief time frame investigated may not
sufficiently capture chronic effects or long-term trends in either physical
activity levels or depressive symptoms. Consequently, the results should
be interpreted as a limited representation of participants’ experiences
rather than indicative of persistent changes over time. Third, while
several studies have shown that the COVID-19 pandemic had significant
impact on both physical activity and mental health, the lack of pre-
pandemic data on the physical activity and depressive symptom vari-
ables in the All of Us dataset prevented us from determining if the as-
sociations among our variables were influenced by the pandemic. Lastly,
there was evidence of response bias in the COPE survey with most survey
respondents being non-Hispanic Whites. Although we used inverse
probability weighting to account for this response bias, it is likely that
the model used to generate IPW did not include all variables that can
influence participation in the COPE survey. Despite these limitations,
the large sample size, repeated measures for depressive symptoms and
physical activity at three timepoints, and the use of inverse probability
weighted regression analysis can be considered as strengths for this
study.

5. Conclusions

Depressive symptoms were prevalent in persons with T2D and were
significantly associated with lower odds of engaging in physical activity
among this population during the period of the COVID-19 pandemic.
Further longitudinal studies capturing pre- and post-pandemic data are
needed to disentangle the effects of the pandemic from the underlying
associations between depressive symptoms and physical activity.

CRediT authorship contribution statement

Emmanuel Ekpor: Writing — review & editing, Writing — original
draft, Validation, Resources, Project administration, Methodology, Data
curation, Conceptualization. Samuel Akyirem: Writing — review &
editing, Writing — original draft, Visualization, Validation, Software,
Methodology, Investigation, Formal analysis, Data curation, Conceptu-
alization. Precious Adade Duodu: Writing — review & editing, Valida-
tion, Methodology, Formal analysis. Jonathan Bayuo: Writing — review

Mental Health and Physical Activity 27 (2024) 100647

& editing, Validation, Methodology, Formal analysis. Veronica Brady:

Writing - review & editing, Validation, Supervision, Project
administration.
Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

The All of Us Research Programme is supported by the National In-
stitutes of Health, Office of the Director: Regional Medical Centres: 1
OT2 0OD026549; 1 OT2 OD026554; 1 OT2 0OD026557; 1 OT2
0D026556; 1 OT2 OD026550; 1 OT2 OD 026552; 1 OT2 OD026553; 1
OT2 OD026548; 1 OT2 0OD026551; 1 OT2 OD026555; IAA #: AOD
16037; Federally Qualified Health Centres: HHSN 263201600085U;
Data and Research Center: 5 U2C 0OD023196; Biobank: 1 U24
0D023121; The Participant Centre: U24 OD023176; Participant Tech-
nology Systems Centre: 1 U24 OD023163; Communications and
Engagement: 3 OT2 OD023205; 3 OT2 OD023206; and Community
Partners: 1 OT2 OD025277; 3 OT2 OD025315; 1 OT2 OD025337; 1 OT2
0D025276. In addition, the All of Us Research Programme would not be
possible without the partnership of its participants.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.mhpa.2024.100647.

Data availability

The data used for this study are available to approved researchers
following registration, completion of ethics training and attestation of a
data use agreement through the All of Us Research Workbench platform,
which can be accessed via https://workbench.researchallofus.org/login.

References

Akyirem, S., Forbes, A., Wad, J. L., & Due-Christensen, M. (2022). Psychosocial
interventions for adults with newly diagnosed chronic disease: A systematic review.
Journal of Health Psychology, 27(7), 1753-1782.

Ali, S. Y., Seid, A. M., Hassen, K., Abebe, S. T., Banjaw, Z., & Ibrahim, M. (2023).
Depression and glycaemic control among adult patients with type 2 diabetes: A
cross-sectional study in a comprehensive specialised hospital, jigjiga, Ethiopia. BMJ
Open, 13(11), Article e073123.

Assaloni, R., Pellino, V. C., Puci, M. V., et al. (2020). Coronavirus disease (Covid-19):
How does the exercise practice in active people with type 1 diabetes change? A
preliminary survey. Diabetes Research and Clinical Practice, 166, Article 108297.

Badescu, S. V., Tataru, C., Kobylinska, L., et al. (2016). The association between Diabetes
mellitus and Depression. J Med Life, 9(2), 120-125.

Bailey, R. K., Mokonogho, J., & Kumar, A. (2019). Racial and ethnic differences in
depression: Current perspectives. Neuropsychiatric Disease and Treatment, 15,
603-609.

Black, S. A., Markides, K. S., & Ray, L. A. (2003). Depression predicts increased incidence
of adverse health outcomes in older Mexican Americans with type 2 diabetes.
Diabetes Care, 26(10), 2822-2828.

Breland, J. Y., Tseng, C. H., Toyama, J., & Washington, D. L. (2023). Influence of
depression on racial and ethnic disparities in diabetes control. BMJ Open Diabetes Res
Care, 11(6), Article e003612.

Cannata, F., Vadala, G., Russo, F., Papalia, R., Napoli, N., & Pozzilli, P. (2020). Beneficial
effects of physical activity in diabetic patients. J Funct Morphol Kinesiol, 5(3), 70.

Centers for Disease Control and Prevention. (2020). National diabetes statistics report
2020 estimates of diabetes and its burden in the United States. Available from: https
://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pd
f. (Accessed 15 March 2024).


https://doi.org/10.1016/j.mhpa.2024.100647
https://doi.org/10.1016/j.mhpa.2024.100647
https://workbench.researchallofus.org/login
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref1
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref1
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref1
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref2
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref2
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref2
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref2
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref3
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref3
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref3
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref4
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref4
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref5
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref5
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref5
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref6
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref6
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref6
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref7
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref7
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref7
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref8
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref8
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf

E. Ekpor et al.

Centre for Disease Control and Prevention. (2022). National diabetes statistics Report|
Diabetes| CDC. Available from: https://www.cde.gov/diabetes/data/statistic
s-report/index.html. (Accessed 15 March 2024).

Cherrington, A., Wallston, K. A., & Rothman, R. L. (2010). Exploring the relationship
between diabetes self-efficacy, depressive symptoms, and glycemic control among
men and women with type 2 diabetes. Journal of Behavioral Medicine, 33(1), 81-89.

Chow, Y. Y., Verdonschot, M., McEvoy, C. T., & Peeters, G. (2022). Associations between
depression and cognition, mild cognitive impairment and dementia in persons with
diabetes mellitus: A systematic review and meta-analysis. Diabetes Research and
Clinical Practice, 185, Article 109227.

Colberg, S. R., Sigal, R. J., Yardley, J. E., et al. (2016). Physical activity/exercise and
diabetes: A position statement of the American diabetes association. Diabetes Care,
39(11), 2065-2079.

Craig, C. L., Marshall, A. L., Sjostrom, M., et al. (2003). International physical activity
questionnaire: 12-country reliability and validity. Medicine & Science in Sports &
Exercise, 35(8), 1381-1395.

Ekpor, E., & Akyirem, S. (2023). Global acceptance of COVID-19 vaccine among persons
with diabetes: A systematic review and meta-analysis. Diabetes Research and Clinical
Practice, 201, Article 110731.

Forde, C. (2018). Scoring the international physical activity questionnaire (IPAQ). Dublin:
University of. https://ugc.futurelearn.com/uploads/files/bc/c5/bcc53b14-ecle
-4d90-88e3-1568682f32ae/IPAQ_PDF.pdf. (Accessed 19 March 2024).

Franquez, R. T., de Souza, I. M., & Bergamaschi, C. C. (2023). Interventions for
depression and anxiety among people with diabetes mellitus: Review of systematic
reviews. PLoS One, 18(2), Article e0281376.

Gonzalez, J. S., Safren, S. A., Delahanty, L. M., Cagliero, E., Wexler, D. J., Meigs, J. B., &
Grant, R. W. (2008). Symptoms of depression prospectively predict poorer self-care
in patients with Type 2 diabetes. Diabetic Medicine, 25(9), 1102-1107.

Hagstromer, M., Oja, P., & Sjostrom, M. (2006). The international physical activity
questionnaire (IPAQ): A study of concurrent and construct validity. Public Health
Nutrition, 9(6), 755-762.

International Diabetes Federation. (2022). IDF diabetes atlas. Tenth Edition [Internet]
[cited 2024 Feb 25]. Available from: https://diabetesatlas.org/idfawp/resou
rce-files/2021/07/IDF_Atlas_10th_Edition_2021.pdf.

Ivanova, E., Burns, R. J., Deschénes, S. S., Knduper, B., & Schmitz, N. (2017).

A longitudinal investigation of anxiety and depressive symptomatology and exercise
behaviour among adults with type 2 diabetes mellitus. Canadian Journal of Diabetes,
41(1), 73-81.

Johnson, N. A., Barwick, A. L., Searle, A., Spink, M. J., Twigg, S. M., & Chuter, V. H.
(2019). Self-reported physical activity in community-dwelling adults with diabetes
and its association with diabetes complications. Journal of diabetes and its
complications, 33(1), 33-38.

Juarez-Rojop, 1. E., Fortuny-Falconi, C. M., Gonzalez-Castro, T. B., et al. (2018).
Association between reduced quality of life and depression in patients with type 2
diabetes mellitus: A cohort study in a Mexican population. Neuropsychiatric Disease
and Treatment, 14, 2511-2518.

Kastora, S., Patel, M., Carter, B., Delibegovic, M., & Myint, P. K. (2022). Impact of
diabetes on COVID-19 mortality and hospital outcomes from a global perspective: An
umbrella systematic review and meta-analysis. Endocrinol Diabetes Metab, 5(3),
Article e00338.

Katon, W., Russo, J., Lin, E. H., et al. (2009). Diabetes and poor disease control: Is
comorbid depression associated with poor medication adherence or lack of
treatment intensification? Psychosomatic Medicine, 71(9), 965-972.

Kelly, R. C., Holt, R. L. G., Desborough, L., et al. (2024). The psychosocial burdens of
living with diabetes. Diabetic Medicine, 41(3), Article e15219.

Koyama, A. K., Hora, I. A, Bullard, K. M., Benoit, S. R., Tang, S., & Cho, P. (2023). State-
specific prevalence of depression among adults with and without diabetes - United
States, 2011-2019. Preventing Chronic Disease, 20, Article E70.

Mental Health and Physical Activity 27 (2024) 100647

Kraft, B., Bg, R., Jonassen, R., et al. (2023). The association between depression
symptoms and reduced executive functioning is primarily linked by fatigue.
Psychiatry Research Communications, 3(2), Article 100120.

Kroenke, K., Spitzer, R. L., Williams, J. B., & Lowe, B. (2010). The patient health
questionnaire somatic, anxiety, and depressive symptom scales: A systematic review.
General Hospital Psychiatry, 32(4), 345-359.

Lai, T. C., McDaniel, C. C., & Chou, C. (2022). Diabetes management behaviors
associated with depression in the U.S. Diabetology & Metabolic Syndrome, 14(1), 178.

Leite, N. J. C., Raimundo, A. M. M., Mendes, R. D. C., & Marmeleira, J. F. F. (2022).
Impact of COVID-19 pandemic on daily life, physical exercise, and general health
among older people with type 2 diabetes: A qualitative interview study. International
Journal of Environmental Research and Public Health, 19(7), 3986.

Lysy, Z., Da Costa, D., & Dasgupta, K. (2008). The association of physical activity and
depression in Type 2 diabetes. Diabetic Medicine, 25(10), 1133-1141.

McCarthy, H., Potts, H. W. W., & Fisher, A. (2021). Physical activity behavior before,
during, and after COVID-19 restrictions: Longitudinal smartphone-tracking study of
adults in the United Kingdom. Journal of Medical Internet Research, 23(2), Article
e23701.

Mendes, R., Martins, S., & Fernandes, L. (2019). Adherence to medication, physical
activity and diet in older adults with diabetes: Its association with cognition, anxiety
and depression. Journal of Clinical Medicine Research, 11(8), 583-592.

Morrato, E. H., Hill, J. O., Wyatt, H. R., Ghushchyan, V., & Sullivan, P. W. (2007).
Physical activity in U.S. adults with diabetes and at risk for developing diabetes,
2003. Diabetes care, 30(2), 203-209.

Pacheco, J., Thompson, W., & Northwestern University. (2012). Type 2 diabetes mellitus.
PheKB. Available from: https://phekb.org/phenotype/18.

Pearce, M., Garcia, L., Abbas, A., et al. (2022). Association between physical activity and
risk of depression: A systematic review and meta-analysis. JAMA Psychiatry, 79(6),
550-559.

Pouwer, F., Nefs, G., & Nouwen, A. (2013). Adverse effects of depression on glycemic
control and health outcomes in people with diabetes: A review. Endocrinology and
Metabolism Clinics of North America, 42(3), 529-544.

Ramirez, A. H., Sulieman, L., Schlueter, D. J., et al. (2022). The all of us research
program: Data quality, utility, and diversity. Patterns (N Y), 3(8), Article 100570.

Schmitt, A., Bendig, E., Baumeister, H., Hermanns, N., & Kulzer, B. (2021). Associations
of depression and diabetes distress with self-management behavior and glycemic
control. Health Psychology, 40(2), 113-124.

Sowislo, J. F., & Orth, U. (2013). Does low self-esteem predict depression and anxiety? A
meta-analysis of longitudinal studies. Psychological Bulletin, 139(1), 213-240.

Sumlin, L. L., Garcia, T. J., Brown, S. A., et al. (2014). Depression and adherence to
lifestyle changes in type 2 diabetes: A systematic review. The Diabetes Educator, 40
(6), 731-744.

Taylor, R. J., Skipper, A. D., Cross, C. J., Taylor, H. O., & Chatters, L. M. (2022). Racial/
ethnic variation in family support: African Americans, Black caribbeans and non-
latino Whites. Journal of Marriage and Family, 84(4), 1002-1023.

Uniitzer, J., & Park, M. (2012). Strategies to improve the management of depression in
primary care. Prim Care, 39(2), 415-431.

van Dooren, F. E., Nefs, G., Schram, M. T., Verhey, F. R., Denollet, J., & Pouwer, F.
(2013). Depression and risk of mortality in people with diabetes mellitus: A
systematic review and meta-analysis. PLoS One, 8(3), Article e57058.

Wang, Y., Lopez, J. M., Bolge, S. C., Zhu, V. J., & Stang, P. E. (2016). Depression among
people with type 2 diabetes mellitus, US national health and nutrition examination
survey (NHANES), 2005-2012. BMC Psychiatry, 16, 88.

Wu, C. S., Hsu, L. Y., & Wang, S. H. (2020). Association of depression and diabetes
complications and mortality: A population-based cohort study. Epidemiology and
Psychiatric Sciences, 29, Article e96.

Xie, J., & Deng, W. (2017). Psychosocial intervention for patients with type 2 diabetes
mellitus and comorbid depression: A meta-analysis of randomized controlled trials.
Neuropsychiatric Disease and Treatment, 13, 2681-2690.


https://www.cdc.gov/diabetes/data/statistics-report/index.html
https://www.cdc.gov/diabetes/data/statistics-report/index.html
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref11
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref11
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref11
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref12
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref12
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref12
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref12
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref13
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref13
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref13
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref14
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref14
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref14
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref15
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref15
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref15
https://ugc.futurelearn.com/uploads/files/bc/c5/bcc53b14-ec1e-4d90-88e3-1568682f32ae/IPAQ_PDF.pdf
https://ugc.futurelearn.com/uploads/files/bc/c5/bcc53b14-ec1e-4d90-88e3-1568682f32ae/IPAQ_PDF.pdf
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref17
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref17
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref17
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref18
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref18
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref18
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref19
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref19
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref19
https://diabetesatlas.org/idfawp/resource-files/2021/07/IDF_Atlas_10th_Edition_2021.pdf
https://diabetesatlas.org/idfawp/resource-files/2021/07/IDF_Atlas_10th_Edition_2021.pdf
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref21
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref21
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref21
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref21
http://refhub.elsevier.com/S1755-2966(24)00074-7/opt008IdUJqRz
http://refhub.elsevier.com/S1755-2966(24)00074-7/opt008IdUJqRz
http://refhub.elsevier.com/S1755-2966(24)00074-7/opt008IdUJqRz
http://refhub.elsevier.com/S1755-2966(24)00074-7/opt008IdUJqRz
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref22
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref22
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref22
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref22
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref23
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref23
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref23
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref23
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref24
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref24
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref24
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref25
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref25
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref26
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref26
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref26
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref27
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref27
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref27
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref28
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref28
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref28
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref29
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref29
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref30
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref30
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref30
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref30
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref31
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref31
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref32
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref32
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref32
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref32
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref33
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref33
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref33
http://refhub.elsevier.com/S1755-2966(24)00074-7/optH7Uu1e3lIH
http://refhub.elsevier.com/S1755-2966(24)00074-7/optH7Uu1e3lIH
http://refhub.elsevier.com/S1755-2966(24)00074-7/optH7Uu1e3lIH
https://phekb.org/phenotype/18
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref35
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref35
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref35
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref36
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref36
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref36
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref37
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref37
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref38
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref38
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref38
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref39
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref39
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref40
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref40
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref40
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref41
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref41
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref41
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref42
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref42
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref43
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref43
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref43
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref44
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref44
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref44
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref45
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref45
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref45
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref46
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref46
http://refhub.elsevier.com/S1755-2966(24)00074-7/sref46

	Examining the longitudinal effect of depressive symptoms on physical activity in persons with type 2 diabetes during the CO ...
	1 Introduction
	2 Methods
	2.1 The All of Us Research Program
	2.2 COVID-19 Participant Experience survey (COPE)
	2.3 Selection of study cohort
	2.4 Outcome measures
	2.5 Statistical analysis

	3 Results
	3.1 Characteristics of study sample
	3.2 Mixed effect logistics regression

	4 Discussion
	4.1 Limitations and strengths

	5 Conclusions
	CRediT authorship contribution statement
	Funding
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	datalink4
	References


