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Objective: This study aimed to investigate the association of physical activity and sleep metrics, measured via wrist-worn
accelerometers, with depression in people with type 1 diabetes.

Patients and Methods: People with type 1 diabetes were recruited from the Dasman Diabetes Institute in Kuwait and were invited
to wear a wrist-worn accelerometer device for 7 days. Mean physical activity (overall acceleration), inactivity, light activity, moderate
activity, vigorous activity, the distribution of physical activity intensity (intensity gradient), sleep duration and sleep efficiency were
quantified from the accelerometer data. The associations of these metrics with depression were investigated using multiple linear
regression.

Results: A total of 551 people with type 1 diabetes (age 33.1 (9.5) years) were included. Overall physical activity (B =-0.09, CI=—0.14
to —0.04), moderate intensity activity (B =—0.02, CI =-0.02 to —0.01), vigorous intensity activity (B =—0.16, CI =—-0.27 to —0.05), and
the intensity gradient (B =—2.11, CI=-3.51 to —0.72) were negatively associated with depression score (p < 0.01) and these associations
remain significant even after adjustment for age, sex, diabetes duration, and BMI. However, sleep duration and efficiency were not
associated with depression. After mutual adjustment overall physical activity (B = —0.07, CI = —0.12 to —0.01), but not the intensity
gradient (B = —0.90, CI = —2.47 to 0.68), remained associated with depression.

Conclusion: Overall, moderate and vigorous physical activity, and the intensity gradient were associated with lower symptoms of
depression. Overall physical activity, rather than the distribution of activity intensity, appears more important in depression. This
information can help guide physical activity interventions to improve depression in people with type 1 diabetes.
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Introduction

Diabetes is one of the largest public health concerns, imposing a substantial burden on public health systems across the
world. The prevalence of diabetes has been steadily increasing worldwide over the past few decades. Around 73 million
adults in the Middle East and North Africa (MENA) region are living with diabetes, with approximately 25% of adults
living with diabetes in Kuwait." About 5-10% of people with diabetes have type 1 diabetes. People with diabetes are
more likely to develop depression than people without diabetes.” The prevalence of depression is notably high and is
associated with poorer glycemic control.>* The chronic nature of diabetes, the stress of managing the condition, and the
impact on daily life can contribute to the development of depressive symptoms. At the same time, depression can
interfere with diabetes management, leading to poor glycemic control, medication non-adherence, unhealthy lifestyle
choices, and increased risk of complications.”> Poor diabetes management can lead to poor blood sugar control and
a higher risk of severe hypoglycemia, diabetes ketoacidosis, nerve damage, kidney damage, eye problems, or heart
problems, and reduced potency of immunity.®’ In addition, depressive people experience negative thoughts about their
future, and a high level of depression often leads to sleep deprivation, tiredness, anxiety, death, or suicide.®
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Substantial amount of research demonstrates a positive link between regular physical activity and mental health in the
general population.”'® As a result, physical activity positively impacts mental health and can help alleviate symptoms of
depression and anxiety, which may indirectly contribute to better overall health outcomes.®'' For example, many studies
show that physical activity modifies the severity of disease in different patient states, leading to better health
outcomes.'*'* Additionally, improved glucose variability has been observed in people with type 1 diabetes who spend
a higher proportion of their day engaged in moderate to high-intensity physical activities.'* Conversely, depression and
anxiety have been shown to be associated with poorer glycemic control and long-term glycemic variability in people with
type 1 diabetes.'>1° Long-term sedentary behavior is as a potential risk factor for depressive symptoms, as reported in
healthy adults in the US.!” Furthermore, both sedentary behavior and the severity of depression increase the risk of type 2
diabetes.'®!'? On top of this, there are high levels of inactivity in people with type 1 diabetes, particularly those who have
depressive symptoms.?’ Poor sleep may also contribute to poor blood glucose control, mental health, and diabetes
morbidities.?! There have, however, to our knowledge been no studies, which have directly assessed the link between
physical activity/sleep and depression in people with type 1 diabetes.

While physical activity levels are generally low across the globe, this is a particular problem in Kuwait with only
~35% of the Kuwaiti population estimated as being sufficiently physically active, with men more physically active than
women, with high levels of sedentary behaviors.?? Similarly, only ~29% of people with type 2 diabetes were defined as
being physically active.> These reports are based on limited and self-reported data, and it is known that self-reported
physical activity levels suffer from reporting bias and associations with health are inaccurate.”> There is little accel-
erometer-measured physical activity or sleep data in people with type 1 diabetes, nor, as mentioned earlier, is there any
data investigating the associations of these metrics with depression.

The aim of the current study was to investigate the association of objectively measured physical activity, sedentary
behaviors, and sleep levels with depression in people with type 1 diabetes.

Materials and Methods

Setting and Participants

A cross-sectional study was conducted at the Dasman Diabetes Institute in Kuwait, from August 2021 to March 2023.
People with type 1 diabetes who attended the DAFNE clinics were invited to participate in the study. All patients had
a documented diagnosis of type 1 diabetes (per the American Diabetes Association (ADA) 2022 definition/criteria). All
participants were enrolled in the Dose Adjustment for Normal Eating (DAFNE) program, a structured education program
for type 1 diabetes. This study received approval from the Ethical Committee of the Ministry of Health, Kuwait (435/
2016), and followed the guidelines outline in the Declaration of Helsinki. The study was fully explained to the
participants, both orally and in writing, prior to them providing written informed consent. The exclusion criteria were
diagnosed with severe mental disorders, schizophrenia, depressive psychosis, dementia, severe personality disorder or
having any of the study data missing. The CONSORT flow diagram presents the number of participants included in this
study (Figure 1).

Data Collection

For this study, demographic and clinical data were collected. Age was calculated from participants’ date of birth, clinical
history recorded, and measurements of body mass, height, BMI and waist circumference made. The clinical data, such as
HbA Ic, total cholesterol, HDL cholesterol, LDL cholesterol and triglycerides were collected from the electronic health
records during the same visit.

Assessment of Depression Symptoms

The Patient Health Questionnaire-9 (PHQ-9), is a 9-items depression scale, used to screen the presence and severity of
depressive symptoms according to the Diagnostic and Statistical Manual of Mental Disorders-IV criteria (DSM-IV).?*
Each of the nine symptoms was scored as “0” (not at all), “1” (several days), “2” (more than half the days), or “3” (nearly
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Figure | The CONSORT flow diagram shows the participant numbers.

every day) giving a range of scores between 0 and 27; the higher the score, the greater the severity. A PHQ-9 score 5-9

was defined as a mild level of depression, >10 was defined as a moderate-to-severe level of depression.’

Accelerometry and Data Processing

Participants were issued with a GENEActiv original accelerometer and instructed to wear this 24 h per day for a 7-day
period. The accelerometer was set to record at 100 Hz. To generate overall summary data for physical activity, sedentary
behavior and sleep analysis was performed using GGIR.>> Acceleration data collected was calibrated to local gravity

using the methods established by van Hees et al.*®

27,28
d°"

Physical activity levels were quantified using methods previously

describe 1.7

with the intensity distribution calculated according to previously published methods as Rowlands et a
Briefly, the natural log of both intensity and time accumulated at that intensity was plotted for each participant and the
gradient of the line was used as the intensity gradient. Sleep was detected, without a sleep log using previously
established methods with sleep efficiency defined as the time asleep within the sleep period window time.*
A valid day was defined as having >16 hours of data in it, and we excluded participants with less than 3 valid days of
data or if wear data were not present for every 15 minutes of the 24-hour cycle. From this analysis, we quantified the
overall physical activity using the mean acceleration across the day the Euclidean Norm Minus One (ENMO variable)
measured in mg. We also quantified the time spent sedentary (040 mg), time spent doing light (40—100 mg), moderate
(100400 mg), and vigorous physical activity (>400 mg), the intensity gradient and intercept, and sleep duration and
efficiency. To investigate the time course of physical activity accelerometer data were processed to generate 24 h data for
overall ENMO and in acceleration categories of: 0—40 mg, 40-100 mg, 100-200 mg, 300-400 mg and >400 mg. Such
a broad range of physical activity parameters were selected to quantify different aspects of physical activity — overall
amount, distribution of intensity and time spent at different intensities to give an accurate overall picture of physical

activity.
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Statistical Analysis

Normality was checked using the Shapiro—Wilk test. Physical activity and sleep variables were compared between the
sexes using Mann—Whitney U-tests. To investigate the association of average (across the seasons) physical activity and
sleep variables with depression we used multiple linear regression analysis with the following models: unadjusted
(model 1); adjusted for age, duration of diabetes, BMI and sex (model 2) and adjusted for model 2 + intensity gradient
(when acceleration was exposure) or acceleration (when intensity gradient was exposure) (model 3). This analysis was
performed in all participants, rather than stratified by sex, to maintain statistical power in the analysis. Significance was
accepted as P <0.05 and R and SPSS used for statistical analysis.

Results

The demographic and clinical characteristics of the participants are presented in Table 1. A total of 551 people with type
1 diabetes participated in this study, of them 289 (52.5%) were women. Participants’ ages ranged from 18 to 75 years,
with an average of 31.1 + 9.5 years. The average duration of diabetes was 17.3 + 8.5 years, with the majority (75.4%)
having diabetes duration of 10 years or more. The mean value for HbAlc was 8.2 + 1.6%, and BMI was 27.2 £ 5.1 Kg/
m?. The depression symptoms among the participants were 58.8% of them, mild-level depression was present in 37.0%
and moderate-to-severe levels was 21.8%.

The accelerometer metrics are presented in Table 2. The overall mean acceleration was 25.1 + 8.1 mg, which included
the time spent in light activity (236.2+ 88.7 mint/day), moderate activity (66.7 = 45.1 mint/day), and vigorous activity
(1.6 £ 3.5 mint/day). Inactivity was 707.1 + 154.5 mint/day and sleep duration was 349.6 + 96.0 min/day. The Mann—
Whitney U-tests used compared the acceleration between men and women. The result shows significantly higher
acceleration in men (p = 0.01), but higher intensity gradients in women (p = 0.006). Women have a longer sleeping

Table | Baseline Demographics Total and by Sex

Variables Total (n = 551) | Men (n = 262) | Women (n = 289)
Mean (SD) Mean (SD) Mean (SD)
Age (years) 33.1 (9.5) 33.3 (9.6) 32.8 (94)
Diabetes duration (Years) 17.3 (8.5) 16.7 (7.8) 18.0 (9.1)
Height (cm) 164.9 (9.4) 171.7 (7.6) 158.7 (6.0)
Weight (Kg) 74.3 (16.5) 80.5 (17.4) 68.7 (13.4)
BMI (Kg/m2) 27.2 (5.1) 27.2 (5.2) 27.2 (5.1)
Waist (cm) 89.8 (14.8) 93.6 (15.0) 86.3 (13.8)
BP systolic (mmHg) 119.2 (13.1) 122.8 (13.4) 115.9 (12.0)
BP diastolic (mmHg) 72.8 (8.3) 74.5 (8.3) 71.3 (8.1)
HbAlc (%) 8.2 (1.6) 8.2 (1.6) 8.1 (1.5)
Total cholesterol (mmol/L) 4.5 (1.0) 4.4 (1.1) 4.7 (0.9)
HDL-cholesterol (mmol/L) 1.5 (0.4) 1.4 (0.3) 1.7 (0.4)
LDL-cholesterol (mmol/L) 2.6 (0.9) 2.5 (1.0) 2.6 (0.8)
Triglycerides (mmol/L) 0.9 (0.7) 1.1 (0.9) 0.8 (0.5)
Depression score 6.3 (4.7) 54 4.2) 7.0 (5.0)
Mild depression, n(%) 204 (37.0) 92 (35.1) 112 (38.8)
Moderate to severe depression, n(%) | 120 (21.8) 43 (16.4) 77 (26.6)

Abbreviation: SD, Standard deviation.
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Table 2 Basic Physical Activity Characteristics Total and by Sex

Total Men Women MD (95% CI) *p

Mean (SD) | Mean (SD) | Mean (SD)
Physical activity (acceleration) | 25.1 (8.1) 25.9 (8.5) 24.3 (7.6) 1.6 (0.3, 3.0) 0.01
Intensity Gradient —2.2(0.3) -2.1 (0.3) —2.2 (0.3) 0.1 (0.0, 0.1) <0.01
Sleep Duration (min/day) 349.6 (96.0) 335.6 (100.1) | 362.4 (90.5) —26.8 (—42.8, —10.7) | <0.0l
Inactivity (min/day) 707.1 (154.5) | 722.3 (166.0) | 693.3 (142.3) | 29.0 (3.0, 55.0) 0.04
Light Activity (min/day) 236.2 (88.7) 233.4 (95.6) 238.7 (82.1) —5.4 (—20.4, 9.6) 0.21
Moderate Activity (min/day) 66.7 (45.1) 72.5 (44.2) 61.5 (45.3) 1.1 (3.6, 18.6) <0.001
Vigorous Activity (min/day) 1.6 (3.5) 2.3 (43) 0.9 (24) 1.4 (0.8, 2.0) <0.001
Sleep Efficiency (%) 84.8 (12.6) 83.9 (13.8) 85.5 (11.5) —-1.7 (-3.8, 0.5) 0.41
MVPA (min/day) 68.3 (46.3) 74.9 (45.8) 62.4 (46.1) 12.5 (4.8, 20.2) <0.001

Note: *P-value by the Mann—Whitney U-test.
Abbreviations: MVPA, Moderate to Vigorous Physical Activity; 95% Cl, 95% Confidence Interval; MD, Mean differences; SD, Standard

deviation.

The associations of the accelerometer metrics with depression are presented in Table 3.
Overall physical activity (B =—0.09, CI =-0.14 to — 0.04), moderate intensity activity (B =-0.02, CI =—0.02 to —0.01),

intensity gradient (B =—0.90, CI = —2.47 to 0.68), remained associated with depression.

duration (p = 0.002) but no difference in sleep efficiency (p = 0.41). Time spent in inactivity was higher in men (p =
0.037), and time spent in moderate to vigorous physical activity (MVPA) was also greater in men (p < 0.001).

vigorous intensity activity (B = —0.16, CI = —0.27 to —0.05), MVPA (B = —0.02, p = 0.001), and the intensity gradient
(B=-2.11, CI =-3.51 to —0.72) were negatively associated with depression score (p <0.01) and these associations remain
significant even after adjustment for age, sex, diabetes duration, and BMI. However, sleep duration and efficiency were not
associated with depression. After mutual adjustment, overall physical activity (B =—0.07, CI =—0.12 to —0.01), but not the

Table 3 Association of Accelerometer Measured Physical Activity and Depression in People with Type | Diabetes

Model | Model 2 Model 3

95% ClI for B 95% CI for B 95% CI for B
Depression B LB, UB p B LB, UB P B LB, UB P
Physical activity (acceleration) | —0.09 —0.14, -0.04 | <0.001 | -0.08 | —0.13,-0.03 | 0.00l | —0.07 | —0.12, —0.01 | 0.02
Intensity Gradient =211 -3.51,-0.72 | <0.01 -1.79 | -3.18,-0.39 | 0.0l —0.90 | —2.47,0.68 | 0.27
Sleep Duration (min/day) 0.003 0.00, 0.01 0.16 0.002 | —0.00, 0.01 0.44
Inactivity (min/day) 0.002 0.00, 0.00 0.26 0.002 | —0.00,0.00 | O.11
Light Activity (min/day) —0.0001 | —0.00, 0.00 | 0.98 —0.001 | —0.00, 0.00 | 0.96
Moderate Activity (min/day) —0.02 —0.02, —0.01 | <0.001 | —0.0I —0.02, —0.01 | 0.001
Vigorous Activity (min/day) —-0.16 —-0.27, -0.05 | <0.0l —0.12 | —0.23, —0.00 | 0.04
Sleep Efficiency (%) 0.01 —0.03,0.04 | 0.74 0.002 | —0.03, 0.03 0.92
MVPA (min/day) —0.02 —0.02, -0.01 | <0.001 | —0.01 —0.02, 0.01 0.001

Notes: Model | is unadjusted. Model 2 is adjusted for age, duration of diabetes, BMI and sex.
Abbreviations: MVPA, Moderate to Vigorous Physical Activity; 95% Cl, 95% Confidence Interval.
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Discussion

This is the first study that correlated the objectively measured physical activity intensity, and sleep by accelerometer with
depression in people with type 1 diabetes. We quantified standard physical activity/sleep metrics such as average duration
of inactivity, light activity, moderate activity, vigorous activity, sleep duration and efficiency, and also the novel metric of
the intensity gradient, which provides information about the distribution of time at physical activity intensities. This
provides us with a comprehensive evaluation of the volume and distribution of physical activity. The overall physical
activity (average daily acceleration) was relatively low, and slightly higher in men compared to women. This higher
overall activity in men was primarily driven by higher levels of moderate and vigorous physical activity. Sleep duration
and efficiency were generally lower than current recommendations, with women reporting higher values than men. This
study also examined the association between physical activity and depression, with higher physical activity associated
with lower depressive symptoms.

As mentioned, the current study has demonstrated that physical activity and sleep are low in people with type 1
diabetes. There are very few studies that have quantified physical activity and sleep in adults with type 1 diabetes. One
small study from the UK demonstrated that physical activity levels in people with type 1 diabetes are lower than in
healthy adults of a similar age.>'** However, making direct comparisons with this study is not feasible because they used
differences in data processing methods. We can make some comparisons with data processed in a similar way where the
overall daily acceleration in the current cohort was similar to the levels seen in people with type 2 diabetes (age 60 years)
in the UK.*® In the current study, we also compared physical activity and sleep in men and women. We found that light
physical activity and sleep efficiency were similar between men and women. However, other metrics differed between
men and women. There were apparent differences, with men spending more time inactive than women when we
compared. Women were more on sleeping duration, whereas men were more on moderate to vigorous activity levels
than women. Social and cultural norms in Arab countries are a possible reason for different physical activity patterns in
men and women,** including, but not limited to the fact that women might have more constraints and obligations due to
the roles and responsibilities in the family and society.>> The roles shaped by societal and cultural expectations may limit
the time and opportunities women have to engage in physical activity. For instance, women may prioritize family duties
due to traditional gender roles,®> or they might face societal and cultural barriers that discourage women from
participating in activities outside the home.** Additionally, there may be a lack of awareness about the importance of
physical activity in the management of diabetes, particularly among women.*® Overall physical activity level was more in
men than women.

The difference in physical activity and inactivity patterns in women and men may be related to higher depression
symptoms in women than in men. This sex discrepancy in physical activity*® and depression symptoms has been reported
previously in studies in various populations.’”** Depression and inactivity have a bidirectional relationship, where low
physical activity can increase depression and/or depression can reduce activity levels.*”

Most of the studies have evaluated physical activity using validated questionnaires, comparing depression between
active and non-active groups. However, none has investigated the association of objective assessments of physical
activity/sleep with depression in individuals with type 1 diabetes. This study employs objective measures of physical
activity and sleep metrics to investigate a pragmatic association of all metrics physical activity and sleep with depression.
In our analysis, we found that overall physical activity and the distribution of physical activity intensity, the intensity
gradient, were negatively associated with depression symptoms, independently of participants’ age, sex, BMI and
diabetes duration. This is consistent with previous work where average daily acceleration was negatively associated
with depression symptoms in U.S adults with diabetes* and in older European adults.*' The result also agrees with
a systematic review and meta-analysis of people without diabetes, which found a significant protective effect of physical
activity on depression.** A study using the UK Biobank data recently showed that swapping sedentary behavior for
physical activity is associated with lower depressive symptoms.** The association of depression symptoms with lower
leisure-time physical activity has also been reported in both healthy elderly people and adult individuals with type 1
diabetes.”*** Interestingly, after mutual adjustment only the overall physical activity, and not the intensity, gradient
remained associated with depression, which indicates that the former may be both more affected by depression and be
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more effective in combatting depression. The current study is unable to determine the direction of causality, but as we
mentioned earlier this relationship is generally bidirectional.

The role of physical activity in the improvement of depression in diabetes patients involves various physiological
mechanisms. Physical activity influences the secretion and regulation of various hormones in the body, such as cortisol,
adrenaline, and growth factors.*> These hormonal changes can have a positive impact on mood, stress response, and
overall well-being.*® A study of patients with type 1 diabetes found that low physical activity was associated with higher
midnight salivary cortisol and was independently linked to self-reported depression.’” Exercise has been shown to
increase the release of these neurotransmitters, leading to enhanced mood and reduced depressive symptoms. Over time,
exercise can help regulate and reduce the excessive activation of the hypothalamic-pituitary-adrenal (HPA) axis, leading
to decreased stress levels and improved mood.> A recent study reported that exercise enhances kynurenine metabolism in
muscles and consequently prevents stress-induced depression.*® To improve the long-term health of individuals with type
1 diabetes, efforts to increase both mental well-being and physical activity should continue to be recommended.

Beyond the direct findings of this study, it is essential to consider the broader implications these results have for
public health and clinical practice, particularly in the management of Type 1 Diabetes. The findings of this study have
significant implications for public health, especially concerning the management of Type 1 diabetes. Understanding the
relationship between physical activity, sleep patterns, and depression can inform more holistic treatment approaches.

Overall, this information provides us with a comprehensive overview of physical activity and sleep in people with
type 1 diabetes. Our analysis of the association of physical activity and sleep metrics highlights the importance of overall,
more so than the distribution, physical activity in depression. No previous work has investigated the associations of the
novel intensity gradient metric with depression, so the current study provides novel information on this metric in relation
to depression. This data can help direct and target interventions to improve physical activity and sleep in people with type
1 diabetes. These insights could lead to the development of targeted physical activity, potentially reducing the burden of
depression in individuals with Type 1 diabetes. Additionally, the study’s outcomes may encourage healthcare providers to
routinely assess physical activity and sleep patterns as part of the diabetes management plan. On a broader scale, this
research can contribute to policy-making, emphasizing the importance of integrating mental health care with chronic
disease management. However, this analysis cannot confirm causality or its direction, in our observations and further
clinical trials are needed in this area.

This single-center study is not without limitations, and it is prudent to consider these. The study is a cross-sectional
analysis, where physical activity, sleep and depression levels were measured at the same time; however, we cannot
confirm causality in this relationship. On top of this, we did not conduct an a priori sample size calculation and so the
study may be underpowered. The analysis was conducted under free-living conditions, reflecting the pragmatic associa-
tion between physical activity and depression levels, and so there may be other potential confounding variables not
considered. All participants were enrolled in the DAFNE program and adhered to its educational guidelines, potentially
influencing their lifestyle, and limiting the generalizability of the findings to populations not exposed to similar programs.
A key strength of our study is that we objectively measured physical activity and sleep in a large sample of people with
type 1 diabetes.
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