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Abstract
Background  Insomnia symptoms that influence daytime functioning are common among adults with type 2 
diabetes. However, no previous study has examined if levels of physical activity differ among adults with diabetes 
with and without insomnia symptoms. Thus, the aim of this study was to assess the difference in total physical activity 
(TPA) and moderate-to-vigorous physical activity (MVPA) levels in individuals with diabetes with and without insomnia 
symptoms.

Methods  This cross-sectional study included 1,354 participants with any type of diabetes who participated in the 
Norwegian HUNT4 Study, 2017-19. Participants were defined to have ‘insomnia symptoms’ if they reported difficulty 
initiating and/or maintaining sleep ≥ 3 nights/week during the last 3 months. MVPA (defined as moderate/brisk 
walking [> 4.0 km/h], running, and cycling), and TPA (MVPA including slow walking [≤ 4.0 km/h]) were determined 
from two accelerometers worn on the thigh and lower back. Analyses were stratified by age and sex.

Results  The median age was 67 years and 491 (36%) had insomnia symptoms and 37 (3%) had insomnia disorder. 
Among women, 28% with one or more insomnia symptoms fulfilled the recommended minimum level of physical 
activity, as compared to 34% in women without insomnia symptoms. The corresponding proportions in men were 
48% and 45%. Women above 65 years with insomnia symptoms performed less TPA (-73 min/week, 95% CI -122 to 
-24) and MVPA (-33 min/week, 95% CI -50 to -15), compared to women without insomnia symptoms in the same age 
group. There was no clear difference in physical activity levels according to insomnia symptoms in men or women 
below 65 years. Women and men with insomnia disorder had substantially lower TPA (women: -192 min/week, 95% 
CI -278 to -106; men: -276 min/week, 95% CI -369 to -193) and MVPA (women: -37 min/week, 95% CI -63 to -11; men: 
-67 min/week, 95% CI -83 to -50) than those without insomnia symptoms.
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Background
Diabetes is an increasing public health challenge and cur-
rently more than 60  million people in Europe live with 
diabetes (both type 1 and 2 diabetes) [1]. Regular engage-
ment in moderate-to-vigorous intensity physical activity 
(MVPA) is a cornerstone of diabetes management to pre-
vent complications and premature mortality [2, 3]. The 
importance of physical activity for glycemic control in 
people with diabetes is well-established [4, 5]. Adults liv-
ing with diabetes are recommended to follow the general 
World Health Organization (WHO) guidelines of at least 
150–300 min of moderate intensity or 75–150 min of vig-
orous intensity (or an equivalent combination) aerobic 
physical activity week [6, 7]. However, only 35–60% of 
adults with diabetes meet the current recommendations 
for aerobic physical activity [8–11]. To increase physi-
cal activity levels in people with diabetes, it is essential 
to identify modifiable factors that are associated with 
engagement in physical activity [8, 12].

Insomnia symptoms are common in adults with type 2 
diabetes [13] with an overall reported prevalence of 39% 
[14]. Healthy sleep behavior is considered a relevant com-
ponent in the management of type 2 diabetes [12], but 
the evidence is scarce and mainly justified due to its influ-
ence on improved glycemic control [12]. Insomnia symp-
toms are associated with adiposity, glucose dysregulation, 
and impaired daytime functioning in individuals with 
diabetes [13, 15], which might affect the ability to engage 
in physical activity. In previous studies, not restricted to 
individuals with diabetes, adults with insomnia symp-
toms were less active than adults without insomnia [16, 
17]. Moreover, sleep quality, time it takes to fall asleep 
after turning the lights out, and sleep efficiency predict 
levels of physical activity the following day [18–20], pos-
sibly explained by daytime sleepiness or fatigue [21]. To 
date, there is a lack of studies that describe the levels of 
physical activity according to insomnia symptoms in peo-
ple with diabetes.

It is well-documented that there are age- and sex-
related differences in both physical activity [22, 23] and 
the prevalence of insomnia symptoms [24, 25]. However, 
it is unclear whether the association between insom-
nia symptoms and physical activity differs according 
to age and sex among individuals with diabetes. Since 
healthy sleep behavior, and in particular physical activ-
ity are of importance in the management of type 2 dia-
betes, it is relevant to describe the association between 
sleep and physical activity further to help identify groups 

of individuals with diabetes who may need particular 
attention and support. Thus, the aim of this study was 
to explore the association between insomnia symptoms 
and device-measured physical activity among individuals 
with diabetes. Specifically, we aimed to assess the levels 
of device-measured physical activity (total physical activ-
ity (TPA) and MVPA) according to insomnia symptoms, 
stratified by age and sex.

Methods
Design and setting of the study
The study was cross-sectional, and the reporting of 
the study followed the Strengthening the Reporting of 
Observational studies in Epidemiology (STROBE) check-
list [26].

This study utilized data from the fourth survey of the 
Norwegian Trøndelag Health Study (HUNT4) carried 
out in 2017-19 [27]. Approximately 103,800 inhabitants 
aged 20 years or older residing in the northern part of 
the Trøndelag County were invited. Among the 56,042 
(54.0%) participants who accepted to participate in 
HUNT4, 31,295 (56%) also wore two tri-axial AX3 accel-
erometers (Axivity, Ltd., Newcastle, United Kingdom) 
for seven days. Of these, 1,358 (4.3%) reported diabetes 
(including all types of diabetes), had at least one valid day 
with accelerometer data, and complete information on 
insomnia symptoms. The participants filled in compre-
hensive questionnaires on lifestyle and health-related fac-
tors and attended a clinical examination. All participants 
provided written informed consent prior to participation 
and ethical approval was granted by the Regional Com-
mittee for Medical and Health Research Ethics, Mid-
Norway (reference no. 635300).

In the present study, we included those who answered 
‘yes’ to the question ‘Have you had, or do you have 
diabetes?’.

Device-measured physical activity
Physical activity was assessed for seven days. One accel-
erometer was placed centrally on the right thigh approxi-
mately 10 cm above the upper border of patella, and one 
were positioned centrally on the third lumbar segment 
(L3) on the lower back. The accelerometer data was 
sampled at 50 Hz and a range ± 8 g. An eXtreme Gradi-
ent Boosting (XGBoost) machine learning classifier was 
trained to predict key daily physical activity types (i.e., 
walking, running and cycling) and postures (i.e., sitting, 
lying down, standing) during free-living [28, 29]. Separate 

Conclusions  This study showed that women above 65 years with insomnia symptoms and individuals with insomnia 
disorder performed less physical activity, suggesting that these subgroups may suffer from additional challenges that 
prevent them from engaging in regular physical activity.
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machine learning classifiers were trained to predict 
slow (≤ 4.0  km/h), moderate (4.1–5.4  km/h), and brisk 
(≥ 5.5 km/h) walking speeds, as well as no-wear time.

We included the following physical activity variables: 
(i) TPA min/week, defined as slow-, moderate-, and 
brisk walking, running and cycling, (ii) MVPA min/week, 
defined as moderate-, and brisk walking, running, and 
cycling, and (iii) adherence to the World Health Orga-
nization (WHO) recommendations for physical activity 
[6], i.e., the proportion of individuals who performed at 
least 150 min moderate physical activity per week, or at 
least 75 min of vigorous physical activity per week, or an 
equivalent combination of the two.

In supplementary analyses, physical activity was 
defined according to metabolic equivalent of task (MET) 
min per week. The MET values were defined accord-
ing to the compendium of physical activities [30, 31]: 
exercise intensity walking = 4.3 (code 17200), moderate 
intensity walking = 3.5 (code 17190), running = 6.0 (code 
12029), and cycling = 7.5 (code 01015). These four physi-
cal activity types were added together to a total volume 
of physical activity (METs/week). Weekly MET-min was 
computed by multiplying the estimated MET value of 
each physical activity type by the minutes spent in the 
physical activity type. Based on this, (i) total MET-min/
week, (ii) MVPA MET-min/week, and (iii) adherence to 
the WHO recommendations for physical activity (500 
MET-min/week) were determined [6].

Insomnia symptoms
Insomnia symptoms were identified by four questions: 
1) “How often during the last three months have you 
had difficulty falling asleep at night?”, 2) “How often dur-
ing the last three months have you woken up repeat-
edly during the night?”, 3) “How often during the last 
three months have you woken too early and couldn’t get 
back to sleep?”, and 4) “How often during the last three 
months have you had impaired daytime functioning 
(socially or professionally) due to the sleep problems?”, 
with three response options for each question: “Never/
seldom”, “Sometimes” and “≥3 times a week”. Participants 
were classified with insomnia disorder if they answered, 
“≥3 times a week” on at least one of the questions 1–3, 
and “≥3 times a week” on question 4. The information 
retrieved from these four questions approximates the 
information necessary to diagnose insomnia according to 
current diagnostic classification systems which were used 
in this study to define insomnia disorder [32]. People 
who reported at least one insomnia symptom “≥3 times 
a week” were defined as having insomnia symptoms (i.e., 
not fulfill the insomnia diagnosis). Participants who did 
not fulfill the insomnia diagnostic classification, but 
who reported “≥3 times a week” to at least one of ques-
tions 1–3 were classified as having “insomnia symptoms”, 

and those who reported none were defined as “without 
insomnia symptoms”.

Other variables
Information on age and sex was obtained by linking each 
participant’s record in the HUNT Study to information 
from Norwegian National Registry, using the unique 
identification numbers allocated to all Norwegian resi-
dents. Educational level was categorized into “Primary 
school”, “High school”, and “University”. In addition to the 
question regarding diabetes status, participants reported 
their age at diabetes onset, which was used to calculate 
the duration (years) of diabetes. Participants smoking 
status were categorized into “Never smoked”, “Former 
smoker”, and “Current smoker”. Perceived bodily pain 
during the last four weeks was collapsed into the follow-
ing categories: “No pain”, “Mild pain”, “Moderate pain”, 
and “Severe pain”. Participants were asked whether they 
suffered from long-term (at least one year) illness or 
injury of a physical or psychological nature that impairs 
their daily life functioning, which was categorized into 
“No impairment”, “Slight impairment”, “Moderate to 
severe impairment”.

At the clinical examinations, participants’ height and 
weight were measured which were used to calculate body 
mass index (BMI) (kg/m2). BMI was categorized into 
(1) Underweight/Normal weight (BMI < 25.0), (2) Over-
weight (BMI ≥ 25.0-<30.0), and (3) Obese (BMI ≥ 30.0), as 
defined by the WHO [33]. Participants were asked how 
often during the last three months they had experienced 
breathing stops during sleep with the response options 
“Never/seldom”, “Sometimes” and “≥3 times a week”.

Statistical analysis
Prior to commencing the analyses, a statistical analy-
sis plan was made publicly available [34]. This statistical 
analysis plan did not specify stratification on age (< 65 
years/≥65 years) and sex (men/women), however, this 
was included due to expected differences on these fac-
tors. Cross-tabulations were conducted to describe char-
acteristics of the participants with diabetes stratified by 
insomnia symptoms, and were summarized as numbers 
with proportions, mean with standard deviation (SD) or 
median with interquartile range (IQR).

Multiple linear regression models were used to inves-
tigate the association between insomnia symptoms 
and TPA min/week, while multiple quantile regres-
sion models were used to investigate the association 
between insomnia symptoms and MVPA min/week due 
to the non-normal distribution of MVPA. Participants 
with insomnia symptoms were compared with partici-
pants without insomnia symptoms stratified on age and 
sex. Due to the descriptive design of this study, the fully 
adjusted analyses were only controlled for educational 
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level to see if the unadjusted analyses masked any dispar-
ities in the distribution of MVPA among individuals with 
and without insomnia symptoms. This adjustment strat-
egy was chosen since adjustments should be carefully 
considered in studies that cannot answer causal ques-
tions [35, 36]. We did not use approaches to deal with 
missing data since we had complete data on age and sex, 
and few observations with missing values on education 
(< 1%). In sensitivity analyses, we repeated the main anal-
yses (1) using total MET-min/week and MVPA measured 
in MET-min/week, (2) excluding those with ≤ 3 valid 
measurement days, and (3) excluded individuals who 
reported self-reported breathing stops to account for the 
overlap between obstructive sleep apnea and insomnia 
[37]. Precision of the estimates was assessed by 95% con-
fidence intervals (CI) and robust variance estimates were 
used. All statistical analyses were performed in STATA/
BE 17.0.

Results
Among the 1,358 participants with diabetes, 493 (36%) 
reported insomnia symptoms while 37 (3%) were classi-
fied with insomnia disorder according to current diag-
nostic classification system. The proportion of females 
was higher among participants with insomnia symptoms, 
and a higher proportion of participants with insomnia 
symptoms was obese, had moderate-to-strong bodily 
pain, and moderate to severe physical impairment, 
compared to participants without insomnia symptoms 
(Table  1). Supplementary Table 1 shows the character-
istics of the participants stratified on insomnia disorder. 

Among women ≤ 65 years, 43% met the minimum recom-
mendations for MVPA, while among women above 65 
years, 26% of those without insomnia symptoms and 12% 
of those with insomnia symptoms met the recommended 
minimum. Among men, the proportion meeting the rec-
ommendations for MVPA were similar between those 
with and without insomnia symptoms in both age groups 
(Supplementary Table 2).

Table 2 shows that women above 65 years with insom-
nia symptoms accumulated 448  min/week (SD 265) of 
TPA, while those without insomnia symptoms accumu-
lated 537 min/week of TPA. Among men, those with and 
without insomnia symptoms accumulated similar weekly 
TPA. When compared to women above 65 years without 
insomnia symptoms, women with insomnia symptoms in 
the same age group accumulated less TPA (-73 min/week, 
95% CI -122 to -24). There was no association between 
insomnia symptoms and TPA among women below 65 
years. Among men, there was no association between 
insomnia symptoms and TPA in either age group.

Women and men with insomnia disorder accumulated 
less TPA compared to women and men with good sleep, 
i.e. median difference was − 192 min/week (95% CI -278 
to -106) among women and − 276 min/week (95% CI -369 
to -193) among men, respectively (Supplementary Table 
3).

Table 3 shows that median MVPA among participants 
above 65 years with and without insomnia symptoms 
was 54 (IQR 17 to 148) and 77 min/week (IQR 27 to 160), 
respectively. The corresponding numbers for those below 
65 years were 137 (IQR 80 to 238) and 128  min/week 

Table 1  Characteristics of 1,358 participants with diabetes stratified by insomnia symptoms
Charactertistic Insomnia symptomsa

No Yes
No. of participants 865 493
Age, median (IQR) 66.8 (56.9–73.1) 67.6 (58.5–73.8)
Sex (female), no. (%) 359 (42) 250 (51)
Duration of diabetes (years), median (IQR) 10.1 (4.9–17.5) 11.4 (5.6–18.5)
Educational level, no. (%)
  Primary school 153 (18) 79 (16)
  High school 452 (52) 258 (53)
  University 259 (30) 153 (31)
Current smoker, no. (%) 69 (8) 50 (10)
Body mass index, mean (SD) 29.3 (4.9) 30.1 (5.3)
Obese (BMI ≥ 30), no. (%) 214 (25) 146 (30)
Moderate to strong bodily pain, no. (%) 322 (37) 290 (59)
Moderate to severe physical impairment, no. (%) 119 (14) 129 (26)
Self-reported breathing stops, nob (%) 38 (4.4) 37 (7.5)
Insomnia disorderc, no. (%) - 37 (7.5)
Abbreviations: IQR = interquartile range; SD = standard deviation
a People who reported at least one insomnia symptom minimum 3 times a week during the last 3 months were defined as having insomnia symptoms
b Experienced breathing stops minimum 3 times a week the last 3 months
c People who reported at least one insomnia symptom minimum 3 times a week accompanied by impaired daytime functioning the last 3 months were defined as 
having insomnia disorder



Page 5 of 9Mortensen et al. Journal of Activity, Sedentary and Sleep Behaviors            (2024) 3:27 

(IQR 65 to 213), respectively. In sex-stratified analyses 
among those below 65 years, there were no differences in 
MVPA between those with and without insomnia symp-
toms. Among women above 65 years, those with insom-
nia symptoms accumulated 28 min/week (IQR 8 to 148) 
of MVPA, while those with without insomnia symptoms 
accumulated 60 min/week (IQR 18 to 138), correspond-
ing to a median difference of -33 min/week (95% CI -50 
to -15). There was no association between insomnia 
symptoms and MVPA among men above 65 years or 
among women and men below 65 years. Median MVPA 
was significantly lower in men and women with insom-
nia disorder when compared with those without insom-
nia symptoms (men: -67  min/week, 95% CI -83 to -50, 
women: -37 min/week, 95% CI -63 to -11) (Supplemen-
tary Table 4).

Sensitivity analyses
Similar associations were observed when weekly TPA 
and MVPA were estimated with METs (data not shown). 
Moreover, excluding participants with < 3 valid measure-
ment days from the analysis had negligible influence 
on the results. Finally, excluding individuals with self-
reported breathing stops had negligible influence on the 
results, however, the estimates became somewhat attenu-
ated when comparing women above 65 years without 
insomnia symptoms with women with insomnia symp-
toms in the same age group (-53 min/week, 95% CI -103 
to -3).

Table 2  Mean difference in total physical activity (min/week) according to insomnia symptoms among participants with diabetes
< 65 years ≥ 65 years

Mean difference Mean difference

n Mean (SD) Crude Adjusted (95% CI)a n Mean (SD) Crude Adjusted (95% CI)a

Total sample
  No insomnia symptoms 382 673 (263) 0 Reference 483 546 (262) 0 Reference
  Insomnia symptomsb 216 641 (255) -32 -18 (-62 to 25) 277 510 (265) -36 -24 (-69 to 13)
Women
  No insomnia symptoms 171 638 (241) 0 Reference 188 537 (255) 0 Reference
  Insomnia symptoms 131 590 (224) -48 -44 (-98 to 9) 121 448 (221) -89 -73 (-122 to -24)
Men
  No insomnia symptoms 211 702 (276) 0 Reference 295 553 (267) 0 Reference
  Insomnia symptoms 85 722 (280) 19 21 (-49 to 91) 156 559 (287) 6 12 (-40 to 63)
n = 1,354

Abbreviations: TPA = total physical activity; CI = confidence interval; SD = standard deviation

Coefficients and 95% CI represent median difference in TPA min/week compared to those without insomnia symptoms
a Adjusted for age (continuous) and educational attainment (primary school, high school, university)
b People who reported at least one insomnia symptom minimum 3 times a week during the last 3 months were defined as having insomnia symptoms

Table 3  Median difference in total moderate-to-vigorous physical activity (min/week) according to insomnia symptoms among 
participants with diabetes

< 65 years ≥ 65 years

Median difference Median difference

n Median (IQR) Crude Adjusted (95% CI)a n Median (IQR) Crude Adjusted (95% CI)a

Total sample
  No insomnia symptoms 382 137 (80 to 238) 0 Reference 483 77 (27 to 160) 0 Reference
  Insomnia symptomsb 216 128 (65 to 213) -9 0.1 (-22 to 23) 277 54 (17 to 148) -23 -19 (-35 to -2)
Women
  No insomnia symptoms 171 111 (68 to 208) 0 Reference 188 60 (18 to 138) 0 Reference
  Insomnia symptoms 131 119 (57 to 189) -2 -6 (-20 to 33) 121 28 (8 to 73) -32 -33 (-50 to -15)
Men
  No insomnia symptoms 211 86 (34 to 173) 0 Reference 295 87 (35 to 173) 0 Reference
  Insomnia symptoms 85 84 (31 to 183) -2 -6 (-49 to 37) 156 84 (31 to 183) -3 -3 (-33 to 28)
n = 1,354

Abbreviations: MVPA = moderate to vigorous physical activity; CI = confidence interval; SD = standard deviation

Coefficients and 95% CI represent median difference in MVPA min/week compared to those without insomnia symptoms
a Adjusted for age (continuous) and educational attainment (primary school, high school, university)
b People who reported at least one insomnia symptom minimum 3 times a week during the last 3 months were defined as having insomnia symptoms
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Discussion
We found that women with insomnia symptoms who 
were 65 years or older performed less TPA and MVPA, 
compared to women without insomnia symptoms in 
the same age group. Independently of age and sex, par-
ticipants suffering from insomnia disorder performed 
less TPA and MVPA than participants without insom-
nia symptoms, suggesting that levels of TPA and MVPA 
decline with increasing insomnia severity.

Our results, showing that 36% of the participants with 
diabetes had insomnia symptoms or insomnia disorder 
are comparable to the prevalence reported in a meta-
analysis [14] where 39% of individuals with type 2 dia-
betes reported insomnia symptoms. We are not aware of 
any study that has investigated physical activity level in 
individuals with insomnia and diabetes, and whether this 
association differs between age and sex groups. When 
comparing those with and without insomnia symptoms, 
we found no difference in MVPA levels among men, or 
among the youngest women. Women above 65 years 
with insomnia symptoms performed 73  min/week less 
TPA and 33 min/week less MVPA than women without 
insomnia symptoms. The explanation behind these find-
ings remains uncertain but could be related to age- and 
sex specific differences in sleep [38]. For instance, com-
pared to men, older women have longer sleep latency, 
shorter sleep, and are more likely to report daytime 
sleepiness [39]. Moreover, the observed age- and sex-
related differences in our study could be explained by the 
postmenopausal stage. This life stage is associated with 
higher symptom burden (e.g., insomnia, fatigue, joint 
pain, depression) that can impair the ability to partici-
pate in physical activities [40–42]. This could also explain 
why women are undertreated and appear to benefit less 
than men when it comes to lifestyle interventions and 
pharmacological treatments for managing type 2 diabe-
tes [43–45]. Notably, we found that participants suffering 
from insomnia disorder performed substantially lower 
levels of both TPA (-226 min/week) and MVPA (-64 min/
week) compared to participants without insomnia symp-
toms. As TPA only includes slow walking in addition to 
MVPA, this suggests that physical activity in participants 
with insomnia disorder is primarily covered by slow 
walking. Since few participants reported insomnia disor-
der (3%), we could not conduct age-stratified analyses on 
insomnia severity.

It is uncertain whether 33 min less MVPA/week (cor-
responding to 4–5  min/day) among the oldest women 
are of importance for diabetes management. Recent 
research has shown that repeated 1–5 min daily bouts of 
MVPA [46–48], is a feasible alternative to reach health-
related benefits for adults who are challenged or unable 
to adhere to the recommendations [48]. Few middle-aged 
and older adults perform high intensity physical exercise 

[49–51] and high intensity exercise may not be appeal-
ing to inactive adults with diabetes [52–54]. Although 
speculative, targeting healthy sleep behaviors could be 
beneficial because even small improvements in physical 
activity have positive impact on several parameters that 
are relevant in diabetes management, including glucose 
control, physical impairment, depression, and quality of 
life [48, 55–59]. These results are supported by studies 
on older adults and pain-afflicted individuals showing 
that nightly variations in sleep quality predict physical 
activity behavior the following day [18, 60]. However, an 
experimental study [16] found that a 4-week behavioral 
treatment for insomnia in the general population did 
not change device-measured physical activity despite 
significant improvements in insomnia, highlighting the 
need to identify whether targeting healthy sleep behav-
iors will increase physical activity levels in people with 
diabetes. Additionally, the causation could be the other 
way around as well, suggesting that if we target physical 
activity, this maybe improve sleep behaviors in individu-
als with diabetes.

Strengths and limitations
The strengths of the current study include the large 
study sample of individuals with diabetes with device-
measured physical activity and the assessment of insom-
nia which enabled us to define insomnia disorder and 
symptoms in concordance with current diagnostic clas-
sification systems [32]. In particular, the use of a robust 
machine learning model to detect physical activity types 
in a free-living setting enabled us to investigate the per-
spectives of engagement of weekly MVPA.

This study has some limitations that should be men-
tioned. Although the study sample was large, only 37 
individuals suffered from insomnia disorder according 
to current diagnostic classification systems [32], and the 
observed differences should therefore be interpreted with 
caution. Notably, the prevalence of insomnia disorder 
(3%) is likely to be underestimated due to the strict defi-
nition of daytime impairment (i.e., at least three times a 
week) [61]. Moreover, participants volunteered to wear 
accelerometers for seven days. It is therefore possible 
that our sample comprised a healthier group of individu-
als with diabetes leading to a possible overestimation of 
adherence to recommendations. Moreover, it was not 
possible to distinguish between types of diabetes among 
participants, however, as type 2 diabetes accounts for 
85–90% of diabetes cases in high-income countries, the 
findings of this study will primarily be applicable to this 
group [62].

In the current study, 40% of the participants adhered 
to the recommendations of at least 150–300  min mod-
erate physical activity per week, or at least 75–150  min 
of vigorous physical activity per week, or an equivalent 
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combination of the two. This is comparable to a recently 
published Danish study where 37% with diabetes adhered 
to the recommendations of minimum 150  min MVPA/
week [8]. Furthermore, one week of physical activity 
measurement might not reflect the individual’s habitual 
physical activity behaviors. It should be noted that the 
median age in our study was 67 years and a large pro-
portion of those with insomnia symptoms were obese, 
suffered from bodily pain, or had moderate to severe 
physical impairment, which are all factors that may have 
impact on the individual’s sleep quality [63, 64] and 
engagement in physical activity [9, 65]. Since the aim of 
this cross-sectional study was to describe levels of physi-
cal activity according to insomnia symptoms, future pro-
spective studies are warranted to examine if insomnia is 
associated with changes in physical activity behavior, or if 
targeting insomnia symptoms leads to changes in MVPA 
in individuals with diabetes.

Conclusion
This study indicates that having insomnia symptoms are 
associated with reduced engagement in daily physical 
activity in women above 65 years with diabetes. Notably, 
only 28% of women with insomnia symptoms achieved 
the recommended weekly MVPA level, in contrast to 
the 45% adherers among men with insomnia symptoms. 
Moreover, individuals suffering from insomnia disorder 
performed less physical activity than individuals with-
out insomnia symptoms, suggesting that individuals with 
insomnia disorder represent a group that may suffer from 
additional challenges that prevent them from engaging in 
regular physical activity. Future studies should investigate 
characteristics and facilitators as well as sex differences 
among those with insomnia symptoms who manage to 
reach the recommended levels of physical activity. Also, 
studies should investigate if addressing insomnia symp-
toms, and in particular insomnia disorder, as part of 
diabetes management improves physical activity and sub-
sequently overall health outcomes.

Abbreviations
CI	� Confidence interval
IQR	� Interquartile range
HUNT	� Trøndelag Health Study
TPA	� Total physical activity
MET	� Metabolic equivalent of task
MVPA	� Moderate to vigorous physical activity
OR	� Odds ratio
SD	� Standard deviation
WHO	� World Health Organization

Supplementary Information
The online version contains supplementary material available at ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​
g​/​1​0​.​1​1​8​6​/​s​4​4​1​6​7​-​0​2​4​-​0​0​0​6​6​-​4​​​​​.​​

Supplementary Table 1: Characteristics of 1,358 participants with diabetes 
stratified by insomnia symptoms

Supplementary Table 2: Association between insomnia and meeting the 
minimum recommendations for moderate-to-vigorous intensity physical 
activity

Supplementary Table 3: Mean difference in total physical activity (min/
week) according to insomnia symptoms among participants with diabetes

Supplementary Table 4: Median difference in moderate-to-vigorous 
physical activity (min/week) according to insomnia symptoms among 
participants with diabetes

Acknowledgements
The Trøndelag Health Study (HUNT) is a collaboration between the HUNT 
Research Centre (Faculty of Medicine and Health Sciences, Norwegian 
University of Science and Technology), the Nord-Trøndelag County Council 
and the Norwegian Institute of Public Health.

Author contributions
Substantial contributions to the design of the work; or the acquisition, 
analysis, or interpretation of data for the work: S.R.M., E.S.S., P.J.M., S.T.S., and 
A.K. did the statistical analysis. Drafting of the manuscript: SRM. Revising 
the work critically: E.S.S., P.J.M., S.T.S., B.O.Å., T.I.L.N., A.K. Final approval of the 
version to be published: S.R.M., E.S.S., P.J.M., S.T.S., B.O.Å., T.I.L.N., A.K. All authors 
agree to be accountable for all aspects of the work in ensuring that questions 
related to the accuracy or integrity of any part of the work are appropriately 
investigated and resolved.

Funding
Sofie Rath Mortensen is supported by grants from Næstved-Slagelse-Ringsted 
Hospitals Research Fund (project no. A986), a research grant from The Health 
Science Research Fund of Region Zealand (project no. A1136), and a research 
grant from Steno Diabetes Center Zealand. Prof Skou is currently funded by a 
program grant from Region Zealand (Exercise First) and two grants from the 
European Union’s Horizon 2020 research and innovation program, one from 
the European Research Council (MOBILIZE, grant agreement No 801790) and 
the other under grant agreement No 945377 (ESCAPE). Eivind Schjelderup 
Skarpsno is supported by a grant from the Liaison Committee between 
the Central Norway Regional Health Authority (RHA) and the Norwegian 
University of Science and Technology (NTNU) (project no. 90502200). The 
funders had no role in the design of the study and collection, analysis, and 
interpretation of data and in writing the manuscript.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
All participants in the HUNT Study gave a written informed consent upon 
participation. This study was approved by the Regional Committee for Medical 
and Health Research Ethics (reference no. 635300).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1The Research Unit for Exercise Epidemiology, Centre of Research 
in Childhood Health, Department of Sports Science and Clinical 
Biomechanics, University of Southern Denmark, Odense, Denmark
2The Research and Implementation Unit PROgrez, Department of 
Physiotherapy and Occupational Therapy, Naestved-Slagelse-Ringsted 
Hospitals, Slagelse, Denmark
3Department of Public Health and Nursing, Norwegian University of 
Science and Technology, Trondheim, Norway
4Research Unit for Musculoskeletal Function and Physiotherapy, 
Department of Sports Science and Clinical Biomechanics, University of 
Southern Denmark, Odense, Denmark

https://doi.org/10.1186/s44167-024-00066-4
https://doi.org/10.1186/s44167-024-00066-4


Page 8 of 9Mortensen et al. Journal of Activity, Sedentary and Sleep Behaviors            (2024) 3:27 

5Department of Endocrinology, Clinic of Medicine, St. Olavs hospital, 
Trondheim University Hospital, Trondheim, Norway
6Department of Neurology and Clinical Neurophysiology, St. Olavs 
Hospital, Trondheim, Norway

Received: 22 July 2024 / Accepted: 23 October 2024

References
1.	 IDF Diabetes Atlas International Diabetes. Federation2021 [ ​h​t​t​​p​s​:​/​​/​d​i​​a​b​​e​t​e​s​a​t​

l​a​s​.​o​r​g​/​d​a​t​a​/​e​n​/​c​o​u​n​t​r​y​/​5​6​/​d​k​.​h​t​m​l​​​​​​​
2.	 Colberg SR, Sigal RJ, Yardley JE, Riddell MC, Dunstan DW, Dempsey PC, et al. 

Physical Activity/Exercise and Diabetes: A position Statement of the Ameri-
can Diabetes Association. Diabetes Care. 2016;39(11):2065–79.

3.	 KANALEY JA, COLBERG SR, CORCORAN MH, MALIN SK, RODRIGUEZ NR, 
CRESPO CJ, et al. Exercise/Physical activity in individuals with type 2 diabetes: 
a Consensus Statement from the American College of Sports Medicine. Med 
Sci Sports Exerc. 2022;54(2):353–68.

4.	 Boulé NG, Haddad E, Kenny GP, Wells GA, Sigal RJ. Effects of exercise on 
glycemic control and body mass in type 2 diabetes mellitus: a meta-analysis 
of controlled clinical trials. JAMA. 2001;286(10):1218–27.

5.	 Sigal RJ, Kenny GP, Boulé NG, Wells GA, Prud’homme D, Fortier M, et al. Effects 
of aerobic training, resistance training, or both on glycemic control in type 2 
diabetes: a randomized trial. Ann Intern Med. 2007;147(6):357–69.

6.	 World Health Organization. WHO guidelines on physical activity and seden-
tary behaviour. World Health Organization; 2020.

7.	 American Diabetes Association. Standards of Medical Care in Diabetes—2022 
abridged for primary care providers. Clin Diabetes. 2022;40(1):10–38.

8.	 Mortensen S, Skou S, Brønd J, Ried-Larsen M, Petersen T, Jørgensen L et al. 
Detailed descriptions of physical activity patterns among individuals with 
diabetes and prediabetes: the Lolland-Falster Health Study. BMJ Open Diabe-
tes Res Care. 2023;11(5).

9.	 Mortensen S, Kristensen P, Grøntved A, Ried-Larsen M, Lau C, Skou S. Determi-
nants of physical activity among 6856 individuals with diabetes: a nationwide 
cross-sectional study. BMJ Open Diab Res Care. 2022;10(4):e002935.

10.	 Hult A, Johansson J, Nordström P, Nordström A. Objectively measured 
physical activity in older adults with and without diabetes. Clin Diabetes. 
2019;37(2):142–9.

11.	 Domazet SL, Tarp J, Thomsen RW, Højlund K, Stidsen JV, Brønd JC et al. 
Accelerometer-derived physical activity and sedentary behaviors in individu-
als with newly diagnosed type 2 diabetes: a cross-sectional study from the 
Danish nationwide DD2 cohort. Front Sports Act Living. 2023;4.

12.	 Davies MJ, Aroda VR, Collins BS, Gabbay RA, Green J, Maruthur NM et al. 
Management of hyperglycaemia in type 2 diabetes, 2022. A consensus report 
by the American Diabetes Association (ADA) and the European Association 
for the Study of Diabetes (EASD). Diabetologia. 2022:1–42.

13.	 Zuraikat FM, Makarem N, Redline S, Aggarwal B, Jelic S, St-Onge M-P. Sleep 
regularity and Cardiometabolic Heath: is variability in sleep patterns a risk 
factor for excess adiposity and glycemic dysregulation? Curr Diab Rep. 
2020;20(8):38.

14.	 Koopman ADM, Beulens JW, Dijkstra T, Pouwer F, Bremmer MA, van Straten 
A, et al. Prevalence of Insomnia (symptoms) in T2D and Association with 
metabolic parameters and Glycemic Control: Meta-Analysis. J Clin Endocrinol 
Metab. 2020;105(3):614–43.

15.	 The IDF. Consensus Statement on sleep apnoea and type 2 diabetes. Interna-
tional Diabetes Federation; 2017.

16.	 Kline CE. The bidirectional relationship between exercise and sleep: implica-
tions for exercise adherence and sleep improvement. Am J Lifestyle Med. 
2014;8(6):375–9.

17.	 Sherrill DL, Kotchou K, Quan SF. Association of physical activity and human 
sleep disorders. Arch Intern Med. 1998;158(17):1894–8.

18.	 Dzierzewski JM, Buman MP, Giacobbi PR Jr., Roberts BL, Aiken-Morgan AT, 
Marsiske M, et al. Exercise and sleep in community-dwelling older adults: 
evidence for a reciprocal relationship. J Sleep Res. 2014;23(1):61–8.

19.	 Baron KG, Reid KJ, Zee PC. Exercise to improve sleep in insomnia: exploration 
of the bidirectional effects. J Clin Sleep Med. 2013;9(8):819–24.

20.	 Lambiase MJ, Gabriel KP, Kuller LH, Matthews KA. Temporal relationships 
between physical activity and sleep in older women. Med Sci Sports Exerc. 
2013;45(12):2362–8.

21.	 Chasens ER, Sereika SM, Weaver TE, Umlauf MG. Daytime sleepiness, exercise, 
and physical function in older adults. J Sleep Res. 2007;16(1):60–5.

22.	 Milanović Z, Pantelić S, Trajković N, Sporiš G, Kostić R, James N. Age-related 
decrease in physical activity and functional fitness among elderly men and 
women. Clin Interv Aging. 2013;8:549–56.

23.	 Guthold R, Stevens GA, Riley LM, Bull FC. Worldwide trends in insuf-
ficient physical activity from 2001 to 2016: a pooled analysis of 358 
population-based surveys with 1·9 million participants. Lancet Glob Health. 
2018;6(10):e1077–86.

24.	 Morin CM, Jarrin DC. Epidemiology of Insomnia: prevalence, course, risk fac-
tors, and Public Health Burden. Sleep Med Clin. 2022;17(2):173–91.

25.	 Zeng LN, Zong QQ, Yang Y, Zhang L, Xiang YF, Ng CH, et al. Gender difference 
in the prevalence of Insomnia: a Meta-analysis of Observational studies. Front 
Psychiatry. 2020;11:577429.

26.	 Vandenbroucke JP, von Elm E, Altman DG, Gøtzsche PC, Mulrow CD, Pocock 
SJ, et al. Strengthening the reporting of Observational studies in Epidemiol-
ogy (STROBE): explanation and elaboration. Int J Surg. 2014;12(12):1500–24.

27.	 Åsvold BO, Langhammer A, Rehn TA, Kjelvik G, Grøntvedt TV, Sørgjerd 
EP, et al. Cohort Profile Update: the HUNT study, Norway. Int J Epidemiol. 
2023;52(1):e80–91.

28.	 Bach K, Kongsvold A, Bårdstu H, Bardal EM, Kjærnli HS, Herland S, et al. A 
machine learning classifier for detection of physical activity types and pos-
tures during free-living. J Meas Phys Behav. 2022;5(1):24–31.

29.	 Logacjov A, Bach K, Kongsvold A, Bårdstu HB, Mork PJ. HARTH: A Human 
Activity Recognition dataset for machine learning. Sens (Basel). 2021;21(23).

30.	 Ainsworth E, Haskell W, Herrmann S, Meckes N, Bassett DR Jr, Tudor-Locke C, 
et al. 2011 Compendium of Physical activities: a second update of codes and 
MET values. Med Sci Sports Exerc. 2011;43(8):1575–81.

31.	 Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR Jr, Tudor-Locke 
C et al. The Compendium of Physical Activities Tracking Guide Healthy Life-
styles Research Center, College of Nursing & Health Innovation, Arizona State 
University2022 [ ​h​t​t​​p​s​:​/​​/​s​i​​t​e​​s​.​g​​o​o​g​l​​e​.​c​​o​m​​/​s​i​t​e​/​c​o​m​p​e​n​d​i​u​m​o​f​p​h​y​s​i​c​a​l​a​c​t​i​v​i​t​i​
e​s​/​h​o​m​e​​​​​​​

32.	 Riemann D, Baglioni C, Bassetti C, Bjorvatn B, Dolenc Groselj L, Ellis JG, et al. 
European guideline for the diagnosis and treatment of insomnia. J Sleep Res. 
2017;26(6):675–700.

33.	 World Health Organization. Obesity: preventing and managing the global 
epidemic: report of a WHO consultation. Geneva: World Health Organization; 
2000.

34.	 Mortensen SR, Mork PJ, Skou ST, Åsvold BO, Lund TI, Skarpsno ES. Statistical 
analysis plan Open Science Framework2023 [ https://osf.io/d7qwp/

35.	 Skarpsno ES. Causal overstatements in modern physical activity research. Br J 
Sports Med. 2024;58(13):697.

36.	 Lesko CR, Fox MP, Edwards JK. A Framework for descriptive epidemiology. Am 
J Epidemiol. 2022;191(12):2063–70.

37.	 Khalil M, Power N, Graham E, Deschênes SS, Schmitz N. The association 
between sleep and diabetes outcomes - A systematic review. Diabetes Res 
Clin Pract. 2020;161:108035.

38.	 Guidozzi F. Gender differences in sleep in older men and women. Climacteric. 
2015;18(5):715–21.

39.	 Jonasdottir SS, Minor K, Lehmann S. Gender differences in nighttime sleep 
patterns and variability across the adult lifespan: a global-scale wearables 
study. Sleep. 2020;44(2).

40.	 Li J, Liu F, Liu Z, Li M, Wang Y, Shang Y, et al. Prevalence and associated factors 
of depression in postmenopausal women: a systematic review and meta-
analysis. BMC Psychiatry. 2024;24(1):431.

41.	 Odai T, Terauchi M, Umeki H, Miyasaka N, Somekawa Y. Sleep apnea in post-
menopausal women is associated with joint pain severity and fatigability: a 
cross-sectional study. Menopause. 2022;29(6):680–6.

42.	 Kautzky-Willer A, Leutner M, Harreiter J. Sex differences in type 2 diabetes. 
Diabetologia. 2023;66(6):986–1002.

43.	 Kautzky-Willer A, Harreiter J, Pacini G. Sex and gender differences in risk, 
pathophysiology and complications of type 2 diabetes Mellitus. Endocr Rev. 
2016;37(3):278–316.

44.	 Harreiter J, Kautzky-Willer A. Sex and Gender Differences in Prevention of 
Type 2 diabetes. Front Endocrinol. 2018;9.

45.	 Manteuffel M, Williams S, Chen W, Verbrugge RR, Pittman DG, Steinkellner 
A. Influence of patient sex and gender on Medication Use, Adherence, and 
prescribing alignment with guidelines. J Women’s Health. 2013;23(2):112–9.

46.	 Stamatakis E, Huang BH, Maher C, Thøgersen-Ntoumani C, Stathi A, Dempsey 
PC, et al. Untapping the Health enhancing potential of vigorous intermittent 

https://diabetesatlas.org/data/en/country/56/dk.html
https://diabetesatlas.org/data/en/country/56/dk.html
https://sites.google.com/site/compendiumofphysicalactivities/home
https://sites.google.com/site/compendiumofphysicalactivities/home
https://osf.io/d7qwp/


Page 9 of 9Mortensen et al. Journal of Activity, Sedentary and Sleep Behaviors            (2024) 3:27 

lifestyle physical activity (VILPA): Rationale, Scoping Review, and a 4-Pillar 
Research Framework. Sports Med. 2021;51(1):1–10.

47.	 Stamatakis E, Ahmadi MN, Gill JMR, Thøgersen-Ntoumani C, Gibala MJ, 
Doherty A, et al. Association of wearable device-measured vigorous intermit-
tent lifestyle physical activity with mortality. Nat Med. 2022;28(12):2521–9.

48.	 Ahmadi MN, Hamer M, Gill JMR, Murphy M, Sanders JP, Doherty A, et al. 
Brief bouts of device-measured intermittent lifestyle physical activity and its 
association with major adverse cardiovascular events and mortality in people 
who do not exercise: a prospective cohort study. Lancet Public Health. 
2023;8(10):e800–10.

49.	 Lachman ME, Lipsitz L, Lubben J, Castaneda-Sceppa C, Jette AM. When adults 
don’t Exercise: behavioral strategies to increase physical activity in sedentary 
middle-aged and older adults. Innov Aging. 2018;2(1):igy007.

50.	 Oja P, Kelly P, Pedisic Z, Titze S, Bauman A, Foster C, et al. Associations of 
specific types of sports and exercise with all-cause and cardiovascular-
disease mortality: a cohort study of 80 306 British adults. Br J Sports Med. 
2017;51(10):812–7.

51.	 O’Donovan G, Lee IM, Hamer M, Stamatakis E. Association of Weekend 
Warrior and other Leisure Time physical activity patterns with risks for 
All-Cause, Cardiovascular Disease, and Cancer Mortality. JAMA Intern Med. 
2017;177(3):335–42.

52.	 Thorsen IK, Kayser L, Teglgaard Lyk-Jensen H, Rossen S, Ried-Larsen M, 
Midtgaard J. I tried forcing myself to do it, but then it becomes a boring 
chore: understanding (dis)engagement in physical activity among individuals 
with type 2 diabetes using a Practice Theory Approach. Qual Health Res. 
2022;32(3):520–30.

53.	 Korkiakangas EE, Alahuhta MA, Laitinen JH. Barriers to regular exercise among 
adults at high risk or diagnosed with type 2 diabetes: a systematic review. 
Health Promot Int. 2009;24(4):416–27.

54.	 Egan AM, Mahmood WA, Fenton R, Redziniak N, Kyaw Tun T, Sreenan S, 
et al. Barriers to exercise in obese patients with type 2 diabetes. QJM. 
2013;106(7):635–8.

55.	 Delevatti RS, Bracht CG, Lisboa SDC, Costa RR, Marson EC, Netto N, et al. The 
role of aerobic training variables progression on Glycemic Control of patients 

with type 2 diabetes: a systematic review with Meta-analysis. Sports Med - 
Open. 2019;5(1):22.

56.	 Stults-Kolehmainen MA, Sinha R. The effects of stress on physical activity and 
exercise. Sports Med. 2014;44(1):81–121.

57.	 Anokye NK, Trueman P, Green C, Pavey TG, Taylor RS. Physical activity and 
health related quality of life. BMC Public Health. 2012;12(1):624.

58.	 Durstine JL, Gordon B, Wang Z, Luo X. Chronic disease and the link to physical 
activity. J Sport Health Sci. 2013;2(1):3–11.

59.	 Saint-Maurice PF, Troiano RP, Bassett DR Jr, Graubard BI, Carlson SA, Shiroma 
EJ, et al. Association of Daily Step Count and Step Intensity with Mortality 
among US adults. JAMA. 2020;323(12):1151–60.

60.	 Tang NK, Sanborn AN. Better quality sleep promotes daytime physical activity 
in patients with chronic pain? A multilevel analysis of the within-person 
relationship. PLoS ONE. 2014;9(3):e92158.

61.	 Filosa J, Omland PM, Langsrud K, Hagen K, Engstrøm M, Drange OK, et al. 
Validation of insomnia questionnaires in the general population: the Nord-
Trøndelag Health Study (HUNT). J Sleep Res. 2021;30(1):e13222.

62.	 International Diabetes Federation. IDF Diabetes Atlas. 10th ed. Brussels, 
Belgium: International Diabetes Federation; 2021.

63.	 Rodrigues GD, Fiorelli EM, Furlan L, Montano N, Tobaldini E. Obesity and 
sleep disturbances: the chicken or the egg question. Eur J Intern Med. 
2021;92:11–6.

64.	 Skarpsno ES, Nilsen TIL, Hagen K, Mork PJ. Long-term changes in self-reported 
sleep quality and risk of chronic musculoskeletal pain: the HUNT study. J 
Sleep Res. 2021;30(6):e13354.

65.	 Plotnikoff RC, Taylor LM, Wilson PM, Courneya KS, Sigal RJ, Birkett N, et al. Fac-
tors associated with physical activity in Canadian adults with diabetes. Med 
Sci Sports Exerc. 2006;38(8):1526–34.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Assessing the level of device-measured physical activity according to insomnia symptoms in 1,354 individuals with diabetes: the HUNT Study, Norway
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Design and setting of the study
	﻿Device-measured physical activity
	﻿Insomnia symptoms
	﻿Other variables
	﻿Statistical analysis

	﻿Results
	﻿Sensitivity analyses

	﻿Discussion
	﻿Strengths and limitations

	﻿Conclusion
	﻿References


