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ABSTRACT
Introduction Chronic widespread pain (CWP) and diabetes 
commonly co- occur; however, it is unclear whether CWP 
infers an additional risk for diabetes among those with 
known risk factors for type 2 diabetes. We aimed to 
examine if CWP magnifies the effect of adverse lifestyle 
factors on the risk of diabetes.
Research design and methods The study comprised 
data on 25 528 adults in the Norwegian HUNT Study 
without diabetes at baseline (2006–2008). We calculated 
adjusted risk ratios (RRs) with 95% CIs for diabetes 
at follow- up (2017–2019), associated with CWP and 
body mass index (BMI), physical activity, and insomnia 
symptoms. The relative excess risk due to interaction 
(RERI) was calculated to investigate the synergistic effect 
between CWP and adverse lifestyle factors.
Results Compared with the reference group without 
chronic pain and no adverse lifestyle factors, those with 
BMI ≥30 kg/m2 with and without CWP had RRs for diabetes 
of 10.85 (95% CI 7.83 to 15.05) and 8.87 (95% CI 6.49 to 
12.12), respectively; those with physical activity <2 hours/
week with and without CWP had RRs for diabetes of 2.26 
(95% CI 1.78 to 2.88) and 1.54 (95% CI 1.24 to 1.93), 
respectively; and those with insomnia symptoms with and 
without CWP had RRs for diabetes of 1.31 (95% CI 1.07 to 
1.60) and 1.27 (95% CI 1.04 to 1.56), respectively. There 
was little evidence of synergistic effect between CWP and 
BMI ≥30 kg/m2 (RERI=1.66, 95% CI −0.44 to 3.76), low 
physical activity (RERI=0.37, 95% CI −0.29 to 1.03) or 
insomnia symptoms (RERI=−0.09, 95% CI −0.51 to 0.34) 
on the risk of diabetes.
Conclusions These findings show no clear interaction 
between CWP and adverse lifestyle factors on the risk of 
diabetes.

INTRODUCTION
Type 2 diabetes is the most common metabolic 
disorder and represents a significant global 
disease burden.1 Type 2 diabetes is character-
ized by insulin resistance and pancreatic β-cell 
dysfunction.2 Excessive weight, physical inac-
tivity, poor sleep, and energy- dense diet repre-
sent strong risk factors for type 2 diabetes; 
thus, preventive interventions commonly rely 
on intensive lifestyle modification.3 4

Chronic widespread pain affects around 
10% of the general adult population glob-
ally5 and is the most common cause of long- 
term disability. Chronic widespread pain 
has been suggested to signal increased risk 
of type 2 diabetes,6 although longitudinal 
evidence about this association is limited and 
conflicting.7 8 Adverse lifestyle factors associ-
ated with increased risk of type 2 diabetes (eg, 
obesity, poor sleep, physical inactivity) often 
cluster in people with chronic widespread 
pain.9–13 It has been shown that chronic pain 
combined with obesity may lead to worse func-
tional status and quality of life and increased 
pain sensitivity compared with when these 
conditions occur in isolation.14 The relation 
between chronic pain and obesity is thought 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Diabetes and chronic pain are common conditions 
which frequently co- occur. Adverse lifestyle factors 
such as excessive body weight, physical inactivi-
ty, and poor sleep are known risk factors for dia-
betes and are commonly associated with chronic 
widespread pain. However, it is not known whether 
chronic widespread pain magnifies the risk of dia-
betes among people with adverse lifestyle factors.

WHAT THIS STUDY ADDS
 ⇒ The current study adds to the current literature on 
the association between chronic pain and diabetes, 
showing no clear synergistic effects between chron-
ic widespread pain and adverse lifestyle factors on 
the risk of diabetes.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ This study indicates that chronic widespread pain 
marginally adds to the risk of diabetes among peo-
ple with high body mass index, who are physically 
inactive or with insomnia symptoms. Therefore, pre-
ventive strategies for diabetes should target known 
lifestyle factors irrespective of chronic pain.
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to involve a complex interplay of systemic inflammation, 
biomechanical load, and autonomic dysregulation.15 
Obesity and chronic pain may also interact through 
psychological disturbances such as decrease in self- 
esteem and increase in depressive symptoms, which in 
turn impact on physical activity levels and sleep quality.16

Although chronic pain and diabetes commonly 
co- occur,8 17 it is not clear whether chronic widespread 
pain infers an additional risk for type 2 diabetes among 
those with known risk factors for type 2 diabetes. There-
fore, the aim of the current study was to examine the 
potential synergistic effect between chronic widespread 
pain and adiposity, leisure time physical activity, and 
insomnia symptoms on the risk of diabetes.

METHODS
Study population
The Norwegian HUNT Study is a longitudinal population- 
based study carried out in the geographical region of 
Nord- Trøndelag in Norway. The current study is based 
on data from the third (HUNT3, 2006–2008) and fourth 
(HUNT4, 2017–2019) surveys of the HUNT Study. All 
inhabitants aged 20 years or more residing in Nord- 
Trøndelag were invited to participate; 50 800 (54%) 
participated in HUNT3 and 56 042 (54%) in HUNT4.18 
All participants filled in extensive questionnaires on life-
style and health and met for a clinical examination and 
blood sampling. A detailed description of participation 
rates, questionnaires, and clinical examinations can be 
found at https://www.ntnu.edu/hunt.

For this prospective study, we selected 33 819 people 
who participated in HUNT3 (ie, baseline) and who could 
be followed up in HUNT4 approximately 11 years later. 
Of these, we excluded 6087 people with incomplete 
information about musculoskeletal pain and diabetes at 
baseline and 999 people who reported prevalent diabetes 
at baseline. Additionally, 780 people with incomplete 
information about body weight and/or body height, 
physical activity and/or insomnia symptoms at baseline 
were excluded. Of the remaining 25 953 participants, 25 
528 had complete information about diabetes status at 
follow- up in 2017–2019 and were included in the analysis.

Chronic widespread pain
The Standardised Nordic Questionnaire19 was used to 
retrieve information about chronic musculoskeletal 
pain. Participants who reported having chronic muscu-
loskeletal pain ticking ‘yes’ on the following question 
‘During the last year, have you had pain and/or stiffness 
in muscles or joints that lasted for at least 3 consecu-
tive months?’ were asked to indicate the affected body 
area(s), that is, neck, shoulders, upper back, elbows, low 
back, hips, wrists/hands, knees, and ankles/feet. Partici-
pants were also asked the following question: ‘Have you 
been suffering from pain in both left and right sides of 
the body?’. Participants were defined to have chronic 
widespread pain if they reported chronic pain in the axial 

skeleton, above and below the waist, and in both left and 
right sides of the body. Participants were categorized into 
three groups: ‘no chronic pain’, ‘any chronic pain’ and 
‘chronic widespread pain’.

Diabetes
At baseline, information on diabetes was based on the 
following question: ‘Have you had, or do you have 
diabetes?’. Participants who answered ‘yes’ were classi-
fied as having diabetes. A previous study from the HUNT 
population demonstrated that the single- item self- report 
is a highly valid measure of clinically diagnosed diabetes 
with high positive (96.4%) and negative (99.7%) predic-
tive values.20 At follow- up, incident cases of diabetes were 
classified based on answering ‘yes’ on the above self- 
reported question and/or a value of hemoglobin A1c 
(HbA1c) ≥48 mmol/mol, which is the recommended cut- 
off for diagnosing diabetes.21 HbA1c was not available in 
HUNT3 and was therefore not used.

Body mass index
Body mass index (BMI) was calculated as weight divided 
by the square of height (kg/m2) using standardized 
measurements of height (to the nearest centimeter) 
and weight (to the nearest half kilogram) from the clin-
ical examination. We categorized participants as having 
BMI <25 kg/m2, between 25 kg/m2 and <30 kg/m2, 
and ≥30 kg/m2.22 In a sensitivity analysis, we used waist 
circumference (in centimeters) as an additional measure 
of abdominal adiposity. We categorized participants as 
having waist circumference ≥94 cm and <94 cm (if males) 
and having waist circumference ≥80 cm and <80 cm (if 
females), that is, being above these cut- offs indicate over-
weight or obesity.23

Leisure time physical activity
Leisure time physical activity was assessed by the following 
two questions: (1) ‘How often do you exercise (on average)’, 
with response options ‘never’, ‘less than once a week’, ‘once 
a week’, ‘two to three times a week’ and ‘nearly every day’; 
and (2) ‘For how long do you exercise each time? (average)’ 
with response options ‘less than 15 min’, ‘15–29 min’, 
‘30 min–1 hour’, ‘more than 1 hour’. Frequency was then 
recoded as ‘0’ if participants reported to exercise less than 
once a week or never, ‘1’ if they reported to exercise once a 
week, ‘2.5’ if they reported to exercise two to three times a 
week and ‘5’ if they reported exercising nearly every day. The 
exercise duration in each category was averaged to approxi-
mate the exercise duration in minutes, for example, if partic-
ipants reported exercising for 15–29 min, this was coded as 
‘22.5 (min)’; if they reported exercising for 30 min–1 hour, 
this was coded as ‘45 min’. The exercise frequency was then 
multiplied by the duration to derive the number of hours 
of exercise per week. Participants were then categorized 
as those exercising less than 2 hours/week and those exer-
cising 2 hours/week or more. Two hours/week was chosen 
as cut- off since it approximates the recommendation for 
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moderate- to- vigorous physical activity per week according to 
current guidelines.24

Insomnia symptoms
Insomnia symptoms were assessed by three questions: (1) 
‘How often during the last 3 months have you had diffi-
culty falling asleep at night?’, (2) ‘How often during the 
last 3 months have you woken up repeatedly during the 
night?’, (3) ‘How often during the last 3 months have 
you woken up too early and could not get back to sleep?’ 
with three response options ‘never/seldom’, ‘sometimes’ 
and ‘several times a week’. Participants were classified 
with having insomnia symptoms if they answered ‘several 
times a week’ to at least one of the three questions, while 
they were categorized as not having insomnia symptoms 
if they answered either ‘never/seldom’ or ‘sometimes’ to 
any of the three questions. These self- reported questions 
have demonstrated acceptable reliability.25

Possible confounders
All possible confounders were assessed at baseline (HUNT3, 
2006–2008) except for education that was available at 
HUNT2, 1995–1997. Education was categorized into three 
groups: primary ‘7–10 years’, intermediate ‘11–13 years’, and 
higher education ‘>13 years’. Smoking status was assessed by 
questions related to current and past cigarette smoking and 
categorized as: ‘never smoked’, ‘former or occasional smoker’ 
and ‘current smoker’. Confounder variables in multiadjusted 
model were selected depending on the association under 
study to avoid adjusting for mediators: for the joint effect of 
pain and BMI, age (continuous), sex (categorical), educa-
tion (primary, intermediate, higher education), smoking 
status (never, former or occasional, current) and leisure time 
physical activity (<2 hours/week and ≥2 hours/week) were 
entered as covariates; for the joint effect of pain and physical 
activity, age, sex, education and smoking status were entered 
as covariates; for the joint effect of pain and insomnia, age, 
sex, education, smoking status, BMI (<18.5, 18.5–24.9, 
25.0–29.0, ≥30.0 kg/m2), and physical activity were entered 
as covariates. In supplementary analyses, comorbid condi-
tions including mental health and other musculoskeletal 

conditions were added as potential confounding variables 
as these might be linked to both chronic pain and diabetes. 
Mental health conditions were assessed using the Hospital 
Anxiety and Depression Scale (HADS),26 which includes 14 
items scored on a 4- point Likert scale, of which 7 items assess 
depression (HADS- D) and 7 items assess anxiety (HADS- A). 
Both subscales range from 0 to 21 (higher scores indicating 
higher depression and anxiety levels). A cut- off score of ≥8 
for each subscale was chosen to indicate the presence of 
depression and anxiety symptoms. Comorbid musculoskel-
etal conditions were assessed by asking participants about 
current and previous disease (rheumatic disease or degener-
ative joint disease).

Statistical analysis
We used a modified Poisson regression model to estimate 
the relative risk (RR) of diabetes within categories of a 
joint variable combining chronic pain status (no chronic 
pain, any chronic pain, chronic widespread pain) and 
either BMI (<25 kg/m2 vs ≥25 kg/m2 to <30 kg/m2 vs 
≥30 kg/m2), physical activity (<2 hours/week vs ≥2 hours/
week) and insomnia symptoms (no, yes). The precision of 
all estimated associations was assessed by a 95% CI using 
a robust variance estimator to account for the dichoto-
mous nature of the outcome. The reference group for the 
three joint effect analyses were people without chronic 
pain and BMI <25 kg/m2; people without chronic pain 
and who reported exercising ≥2 hours/week; and finally, 
people without chronic pain who reported no insomnia 
symptoms. Potential effect modification between the 
variables was estimated as the relative excess risk due to 
interaction (RERI).27 28 A RERI >0 indicates a synergistic 
effect beyond additivity. Education, smoking and mental 
health conditions had 22.6%, 1.4% and 0.6% missing 
data, respectively, which were imputed (20 imputations) 
using all variables in the main analysis as predictors in the 
imputation model.

In a supplementary analysis, we used waist circumfer-
ence and estimated the RR of diabetes within categories of 
the joint variable combining chronic pain status and waist 

Table 1 Baseline characteristics of study population stratified by chronic pain status

No chronic pain Any chronic pain Chronic widespread pain

Participants, n 12 433 9 258 3 837

Females, n (%) 6 570 (52.8) 5 381 (58.1) 2 748 (71.6)

Age, mean (SD), years 49.7 (13.8) 52.8 (13.0) 55.8 (11.1)

Higher education*, n (%) 2 844 (22.9) 1 818 (19.6) 572 (14.9)

Current smoker, n (%) 1 454 (11.7) 1 435 (15.5) 753 (19.6)

Body mass index, mean (SD), kg/m2 26.6 (4.0) 27.2 (4.2) 28.1 (4.5)

Low leisure time physical activity†, n (%) 9 303 (74.8) 7 064 (76.3) 2 951 (76.9)

Insomnia symptoms‡, n (%) 2 084 (16.8) 2 579 (27.9) 1 788 (46.6)

*Based on HUNT2 data.
†Less than 2 hours/week.
‡At least one insomnia symptom (‘difficulty falling asleep’, ‘difficulty maintaining sleep’, or ‘waking up too early’).
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circumference (<80 cm in females or <94 cm in males vs 
≥80 cm in females or ≥94 cm in males). This analysis was 
performed to provide an alternative measure of abdom-
inal adiposity. Further, to account for potentially differen-
tial variation in BMI across chronic pain status categories 
(eg, those with widespread pain and BMI ≥30 kg/m2 
having higher average BMI than those in the same BMI 
category but without chronic pain), we performed an 
analysis where we adjusted for continuously measured 
BMI within each BMI category (<25, 25–29, ≥30 kg/m2). 
Similarly, we adjusted for continuously measured physical 
activity (hours/week) within each physical activity cate-
gory (±2 hours/week) when examining the association 
between chronic pain and diabetes risk. This analysis was, 
however, not applicable to the sleep variable due to its 
dichotomous nature. Finally, within each pain category, 
we estimated the risk of diabetes associated with contin-
uously measured BMI and assessed possible statistical 
interaction between the chronic pain categories and 
the continuous BMI variable. Interaction was evaluated 
by a likelihood ratio test of a product term of these two 
factors without the robust variance estimator since it is 
not supported by the likelihood ratio test.

All statistical analyses were performed using Stata for 
Windows, V.16.0 (StataCorp, College Station, Texas, USA).

RESULTS
Table 1 presents baseline characteristics of the study 
population stratified according to chronic pain status. 
The proportion of participants reporting any chronic 
pain and chronic widespread pain at baseline was 36.3% 
and 15.0%, respectively. After ~11 years of follow- up, a 
total of 1232 (4.8%) new cases of diabetes were reported.

Table 2 shows the joint effect between chronic pain 
and BMI on the risk of diabetes. Compared with the 
reference group of people without chronic pain and 
BMI <25 kg/m2, those without chronic pain and BMI 
≥30 kg/m2 had an RR for diabetes of 8.87 (95% CI 6.49 
to 12.12), while those with chronic widespread pain had 
RR of 1.06 (95% CI 0.56 to 1.99) if they had BMI <25 kg/
m2. The RR for those with chronic widespread pain and 
BMI ≥30 kg/m2 was 10.85 (95% CI 7.83 to 15.05). There 
was little evidence of synergistic effect above additivity for 
the combination of chronic widespread pain and BMI 
≥30 kg/m2 on the risk of diabetes (RERI=1.66, 95% CI 
−0.44 to 3.76).

Table 3 shows the joint effect of chronic pain and leisure 
time physical activity on the risk of diabetes. Compared 
with the reference group of people without chronic pain 
and who were physically active 2 hours/week or more, 
people without chronic pain had an RR for diabetes of 
1.54 (95% CI 1.24 to 1.93) if they were physically active 
less than 2 hours/week, while those with chronic wide-
spread pain who were physically active 2 hours/week or 
more had RR of 1.55 (95% CI 1.09 to 2.22). Those with 
chronic widespread pain who were physically active less 
than 2 hours/week had an RR for diabetes of 2.26 (95% Ta
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CI 1.78 to 2.88). We observed no clear synergistic effect 
above additivity for the combination of widespread pain 
and being physically active less than 2 hours/week on the 
risk of diabetes (RERI=0.37, 95% CI −0.29 to 1.03).

Table 4 shows the joint effect of chronic pain and insomnia 
symptoms on the risk of diabetes. Compared with the refer-
ence group of people without chronic pain and no insomnia 
symptoms, people without chronic pain had an RR for 
diabetes of 1.27 (95% CI 1.04 to 1.56) if they had insomnia 
symptoms, while those with chronic widespread pain who 
had no insomnia symptoms had an RR of 1.28 (95% CI 
1.06 to 1.54). Those with chronic widespread pain who had 
insomnia symptoms had an RR for diabetes of 1.31 (95% CI 
1.07 to 1.60). There was no evidence of a synergistic effect 
above additivity for the combination of widespread pain and 
insomnia symptoms on the risk of diabetes (RERI=−0.09, 
95% CI −0.51 to 0.34).

Supplementary analysis
There was no clear evidence of a synergistic effect between 
chronic widespread pain and waist circumference on 
the risk of diabetes (RERI=0.07, 95% CI −1.08 to 1.22) 
(online supplemental table 1). The analysis adjusting for 
variation in BMI (continuous) within each BMI category 
showed that the small independent effect of widespread 
pain on diabetes within higher BMI categories was some-
what attenuated when controlling for the within- category 
variation in BMI (online supplemental table 2). Adjusting 
for variation in physical activity (continuous) within each 
physical activity category did not change the estimated 
association between widespread pain and diabetes risk 
(online supplemental table 3). The RRs of diabetes 
associated with the continuous BMI variable (kg/m2) 

were 1.18 (95% CI 1.16 to 1.19), 1.18 (95% CI 1.16 to 
1.20), and 1.14 (95% CI 1.12 to 1.17) among people 
with no chronic pain, any chronic pain and widespread 
pain, respectively (data not shown). Although there was 
some evidence of a slightly weaker association between 
BMI and diabetes risk in people with widespread pain, 
there was no indication of statistical interaction (p=0.10). 
Adjusting for comorbid conditions, that is, mental health 
and other musculoskeletal conditions, had a negligible 
effect on the RRs of diabetes for the joint effect of chronic 
pain and BMI, physical activity, and insomnia symptoms 
(online supplemental tables 4–6).

DISCUSSION
The current study adds to the current literature on the 
association between chronic pain and diabetes. People 
with chronic widespread pain and high BMI or who are 
physically inactive had a 20–60% higher risk of diabetes 
compared with those with the same adverse factors but 
without chronic pain. The risk of diabetes was similar 
among people with insomnia symptoms with and without 
chronic widespread pain. However, there was no evidence 
of a synergistic effect between chronic widespread pain 
and adverse lifestyle factors on the risk of diabetes.

Although chronic pain is common among people with 
diabetes,8 17 few studies have attempted to disentangle 
the temporal association between these two conditions. A 
recent longitudinal study using data from the HUNT Study 
indicated that chronic low back pain is associated with an 
increased risk of diabetes among women at 10–11 years 
of follow- up7; however, this association was not observed 
among men. In contrast, a longitudinal study of Spanish 

Table 3 Joint effect of chronic pain and leisure time physical activity on the risk of diabetes

Physical activity ≥2 hours/week Physical activity <2 hours/week

No of 
persons

No of 
cases

Age/sex- 
adjusted RR

Multiadjusted, RR* 
(95% CI)

No of 
persons

No of 
cases

Age/sex- 
adjusted RR

Multiadjusted, RR* 
(95% CI)

No chronic pain 3 037 93 1.00 1.00 (reference) 8 886 417 1.59 1.54 (1.24 to 1.93)

Any chronic pain 2 117 77 1.16 1.13 (0.84 to 1.53) 6 672 392 1.87 1.78 (1.42 to 2.22)

Chronic widespread pain 843 43 1.64 1.55 (1.09 to 2.22) 2 741 210 2.47 2.26 (1.78 to 2.88)

*Multiadjusted for age (continuous), sex (male, female), education (primary, intermediate, higher education), smoking status (never, former or 
occasional, current).
RR, risk ratio.

Table 4 Joint effect of chronic pain and insomnia symptoms on the risk of diabetes

No insomnia symptoms Insomnia symptoms

No of 
persons

No of 
cases

Age/sex- 
adjusted RR

Multiadjusted, 
RR* (95% CI)

No of 
persons

No of 
cases

Age/sex- 
adjusted RR

Multiadjusted, RR* 
(95% CI)

No chronic pain 9 949 400 1.00 1.00 (reference) 1 974 110 1.30 1.27 (1.04 to 1.56)

Any chronic pain 6 346 333 1.23 1.10 (0.96 to 1.27) 2 443 136 1.30 1.13 (0.94 to 1.36)

Chronic widespread pain 1 913 136 1.65 1.28 (1.06 to 1.54) 1 671 117 1.71 1.31 (1.07 to 1.60)

*Multiadjusted for age (continuous), sex (male, female), education (primary, intermediate, higher education), body mass index (<18.5, 18.5–24.9, 
25–29.5, ≥30 kg/m2), leisure time physical activity (<2 hours/week, ≥2 hours/week), smoking status (never, former or occasional, current).
RR, risk ratio.
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twins found no association between chronic low back 
pain and risk of diabetes at 2–4 years of follow- up.8 The 
current study extends on these findings by investigating 
the possible synergistic effect of chronic widespread pain 
and adverse lifestyle factors on risk of diabetes. Notably, 
the two studies described above focused on low back pain 
and did not investigate the association between chronic 
widespread pain and risk of diabetes.

It is well established that adverse lifestyle factors, such as 
obesity, physical inactivity, and poor sleep, are associated 
with increased risk of diabetes.4 29 The current study indi-
cates that chronic widespread pain somewhat increases the 
risk of diabetes among people who are obese or physically 
inactive, although no statistically significant synergistic effect 
was observed. Shared biological mechanisms might partly 
explain a link between chronic pain and adverse lifestyle 
factors. For example, musculoskeletal conditions charac-
terized by chronic widespread pain (eg, fibromyalgia) have 
been associated with elevated blood pressure,30 as well as 
chronic systemic inflammation.31 Both high blood pressure 
and chronic systemic inflammation have been suggested to 
be independent risk factors for type 2 diabetes.32–34 Further-
more, adiposity is positively and dose dependently associated 
with increase in blood pressure35 as well as an elevated level of 
systemic inflammation.36 Similarly, elevated systemic inflam-
mation and high blood pressure are more common among 
people who are physically inactive.37 38 Thus, it is possible that 
the somewhat increased risk of diabetes among those with 
chronic widespread pain and obesity or physically inactive is 
mediated by high blood pressure and/or chronic systemic 
inflammation, that is, these conditions are likely to be more 
common among people who suffer from chronic widespread 
pain and who also are obese or physically inactive.

Our findings are based on a large and well- 
characterized population- based study.39 The strengths of 
this study include the prospective design and adjustment 
for several potential confounders. Moreover, the large 
sample size provides sufficient statistical power for the 
estimation of the synergistic effect of chronic widespread 
pain and several adverse lifestyle factors associated with 
an increased risk of diabetes. However, some limitations 
should be considered in the interpretation of the results. 
First, incident cases of diabetes were assessed at the 
follow- up survey (ie, HUNT4) among those who were able 
and chose to participate in both HUNT3 and HUNT4. 
Thus, if participants who were overweight or obese, phys-
ically inactive, poor sleepers, or suffered from chronic 
widespread pain at baseline were less likely to partici-
pate at the follow- up survey, the estimated associations 
are likely to be underestimated. Second, the presence of 
diabetes at both baseline and follow- up was assessed by a 
self- report and it was not possible to distinguish between 
type 1 and type 2 diabetes; however, it is likely that most 
incident diabetes cases among adults will be type 2 
diabetes. We additionally used measurements of HbA1c 
to further identify potential undiagnosed diabetes cases 
at follow- up. Third, both leisure time physical activity 
and insomnia symptoms were assessed by self- report and 

misclassification cannot be ruled out. The questionnaire- 
based nature of the data allows for subjective interpre-
tation of the questions and individual perception of 
physical activity level18 40 and insomnia symptoms.25 The 
HUNT questionnaire on physical activity does not allow 
assessment of the relative importance of different exer-
cise types (eg, endurance, strength, flexibility). However, 
a validation study in men showed that the HUNT ques-
tionnaire may be useful in classifying people into broad 
categories of physical fitness.41 To facilitate the interpreta-
tion and applicability of our findings, we used a cut- off of 
2 hours/week to classify participants into those meeting 
versus not meeting the recommendations for moderate- 
to- vigorous physical activity per week.24 Finally, residual 
confounding due to unknown or unmeasured factors 
influencing the associations under study cannot be ruled 
out. For example, we cannot exclude the possibility that 
undetected diseases influenced our findings. Moreover, 
adjustments for variables commonly associated with 
diabetes, such as family factors, genetic predisposition42 
and stressful life events,43 could be of importance.

In conclusion, the current study indicates no clear 
evidence of synergistic effects between chronic wide-
spread pain and adverse lifestyle factors on the risk of 
diabetes. The development and implementation of 
preventive strategies for diabetes should target estab-
lished risk factors irrespective of chronic pain.
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