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HIGHLIGHTS

® Hyperlipidaemia may be associated with the risk of back, neck and/or shoulder pain.
® Diabetes may be a risk factor for back, neck and/or shoulder pain among men.
® Metabolic conditions may be associated with the risk of musculoskeletal pain.

ARTICLE INFO ABSTRACT

Article history: Background and aims: Frequent back, neck and/or shoulder pain (BNSP) are common conditions which
Received 26 August 2016 pose high burden for the society. Results from previous studies suggest that diabetes and hyperlipidaemia
Received in revised form 28 October 2016 may be associated with a higher risk of getting such conditions, but there is in general, few studies based

Accepted 13 November 2016 on longitudinal designs. The aim of this study was therefore to compare the risk of developing frequent

BNSP in men and women with and without diabetes and/or hyperlipidaemia.

Methods: A longitudinal study based on the Stockholm Public Health Cohort was conducted based on
subjects aged 45-84, who were free from pain at the mentioned sites in 2006 and followed up until 2010.
The data in the current study is based on questionnaires, except socioeconomic status which was derived
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Back pain
Neck pain from Statistics Sweden. The exposure diabetes and hyperlipidaemia was self-reported and, a categorical
Shoulder pain variable was created; without any of the conditions, with hyperlipidaemia only, with diabetes only and

with both conditions. The outcome frequent BNSP was defined using the following questions in the
questionnaire in 2010: “During the past 6 months, have you had pain in the neck or upper part of the back?”,
“During the past 6 months, have you had pain in the lower back?”, and “During the past 6 months, have you had
pain in the shoulders/arms?”. All questions had three possible response options: no; yes, a couple of days
per month or less often and; yes, a couple of days per week or more often. Those who reported weekly
pain to at least one of these questions were considered to having frequent BNSP. Binomial regressions
were run to calculate the crude and adjusted risk ratio (RR) in men and women separately. Additional
analysis was performed in order to control for potential bias derived from individuals lost to follow-up.
Results: A total of 10,044 subjects fulfilled the criteria to be included in the study. The mean age of the
sample was 60years and evenly distributed by sex. After adjusting for age, body mass index, physical
activity, high blood pressure and socioeconomic status, the RR for frequent BNSP among men with dia-
betes was 1.64 (95% CI: 1.23-2.18) and 1.19 (95% CI: 0.98-1.44) for hyperlipidaemia compared to men
with neither diabetes nor hyperlipidaemia. Among women the corresponding RRs were 0.92 (95% CI:
0.60-1.14) and 1.23 (95% CI: 1.03-1.46). Having both diabetes and hyperlipidaemia at baseline was not
associated with increased risk of frequent BNSP. Diabetes and hyperlipidaemia seems to be associated
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with an increased risk for frequent BNSP and the risk may differ between men and women. Behaviours
and/or biological underlying mechanisms may explain the results.

Conclusions: This study suggests that metabolic diseases such as diabetes and hyperlipidaemia may
have an impact on the pathophysiology of frequent BNSP and thus, contributes to the knowledge in
musculoskeletal health. Furthermore, it confirms that men and women may differ in terms of risk factors

for BNSP.

Implications: Health professionals should contemplate the results from this study when planning primary

prevention strategies.

© 2016 Scandinavian Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.

1. Introduction

Pain in the back and the neck represents a high burden for the
healthcare systems, the society and individuals with the condi-
tions, especially in developed countries, where its occurrence has
increased in the past years positioning it now as one of the top
contributors of disability adjusted life years [1]. Data from various
studies have reported prevalence of between 4.4% and 13% for neck
pain [2-4] and between 10.8% and 21.1% for back pain in the past
3 months [5]. The back and neck region involve multiple structures,
all of them being potentially prone to suffer from injuries and/or
pain of diverse origin [6,7] and when it comes to neck pain, the
shoulder region is often involved.

Various authors have investigated the aetiology of pain in these
three sites, having in common that none of them have found strong
associations, making frequent back, neck and shoulder pain (BNSP)
a relatively unexplored area of knowledge in which biological and
environmental factors are to be considered. Among the reported
risk factors for these conditions are female sex [8], older age [4],
smoking [9], high job strain and job characteristics [10], high body
weight [11], previous episodes of pain [10], psychological stress
[12,13] and depression [14]. In addition, previous studies based on
the Stockholm Public Health Cohort (SPHC) indicate that physical
inactivity [15,16] and income [17] may be associated as well. Given
that nowadays it is well accepted that multidisciplinarity is fun-
damental when it comes to the prevention and treatment of these
conditions [18], a widened knowledge of risk factors may support
new approaches.

Furthermore, results from previous cross-sectional studies indi-
cate higher occurrence of pain of musculoskeletal origin among
individuals with cardiovascular conditions such as atherosclero-
sis, high blood lipids, diabetes and glucose intolerance [5,19-21]
but these associations have been scarcely explored in longitudinal
studies [22,23]. Different explanations have been proposed as the
link between cardiovascular conditions and pain, among them, the
occlusion of lumbar or sacral arteries for the case of high blood
lipids [18], deleterious effects of advanced glycation end products
in the intervertebral discs [24,25], and inflammatory and immune
responses originated by either mechanical or chemical insults [26].
Similarly, diabetes and hyperlipidaemia have been linked with
inflammatory biomarkers such as TNF-a [27,28]: it is likely that
the tissues of the musculoskeletal system can be target of such
inflammation processes derived from the mentioned diseases.

The aim of this study was to compare the risk of developing fre-
quent BNSP in men and women with and without diabetes and/or
hyperlipidaemia; and based on that, contribute to the knowledge
regarding the aetiology of musculoskeletal pain.

2. Material and methods
2.1. Study population

This cohort study is based on data from the Stockholm Pub-
lic Health Cohort (SPHC), in which a postal and web based

questionnaire that collects information from a random sample of
the general population between 18 and 84 years in Stockholm was
used. In 2006, 19,301 individuals aged between 45 and 84 partici-
pated in the study; 4 years later a follow-up survey was sent, which
was answered by 15,290 (response rate 79%). The survey was avail-
able in six languages apart from Swedish in order to capture the
actual distribution of the population in Stockholm [29].

For the present analysis, subjects who had responded both in
2006 and 2010, being above 45 and up to 84 year and who were
free from frequent BNSP pain were included. Participants were
then classified as exposed or unexposed based on self-reported
information on high blood lipids and diabetes mellitus. The above-
mentioned age limit was set because the prevalence of diabetes
and hyperlipidaemia is known to be uncommon among younger
people. The selection of the study population, was further based on
two questions in the 2006 questionnaire: “During the past 6 months,
have you had pain in the neck, shoulders or arms?” with five possible
answers: no; yes, a couple of days in the past half year; yes, a cou-
ple of days per month; yes, a couple of days per week or; yes, every
day. The same formulation was used to ask about low back pain.
These two variables were combined so that those individuals who
answered any of the three first options of answers to both ques-
tions formed the study population that was followed for 4 years,
and thus constitute the study base (n=10,044).

2.2. Exposure and outcome definitions

Individuals with diabetes or hyperlipidaemia were identified
using the question: “have you received any of the following diag-
nosis by a doctor?” Additionally, the person’s age at diagnosis was
asked. Both exposures were combined to create four categories:
those without any of the conditions, those with only hyperlipi-
daemia, those with only diabetes and those with both diabetes and
hyperlipidaemia. In 2010, the outcome frequent BNSP was defined
using the following three questions: “During the past 6 months, have
you had pain in the neck or upper part of the back?”, “During the past
6 months, have you had pain in the lower back?”, and “During the
past 6 months, have you had pain in the shoulders/arms?”. All ques-
tions had three possible response options: no; yes, a couple of days
per month or less often and; yes, a couple of days per week or more
often. Those who reported weekly pain to at least one of these three
questions were considered as having frequent BNSP.

2.3. Confounders

The following potential confounders were selected from the
questionnaire in 2006 based on its relevance: age, socioeconomic
status, body mass index (BMI), physical activity level, smok-
ing habits, receiving treatment for high blood pressure, alcohol
intake and psychosocial stress. Socioeconomic status was catego-
rized according to the information from Statistics Sweden based
on occupation and education [30]. Physical activity level was
self-reported and dichotomized as regular and not regular refer-
ring to the past 12 months. Smoking habits was categorized as
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currently daily smoker, previously regular smoker (daily for at least
6 months) and, never daily smoker.

Receiving treatment for high blood pressure was defined using
the question: “Are you currently being treated for high blood pressure?
Where the option “No” was considered as no high blood pressure,
and the options yes, but only with recommendations on change in
lifestyle habits and yes, medications for high blood pressure, con-
sidered as yes. Risky alcohol intake was dichotomized using the cut
off points 168 g/week (14 standard drinks) or more and 108 g/week
(9 standard drinks) or more for men and women respectively;
this quantity was estimated using information regarding type,
amount and frequency of alcohol intake in a regular week. The
cut-off points were based on a previous report from the Public
Health Agency of Sweden [31]. Psychological stress was calculated
and dichotomized based on the 12 questions from the General
Health Questionnaire, using the scoring system 0-0-1-1, with 3
or more points indicating the presence of it [32]. Age and body
mass index were used as continuous variables, the latter calcu-
lated based on self-reported weight and height and categorized;
only 0.9% of the sample had a body mass index less than 18.5 and
therefore that category was merged with the one of normal range
for the presentation of the baseline characteristics of the study
population.

2.4. Statistical analysis

Log-binomial regression models were run for these analyses
using the software SPSS version 22, separately for men and for
women, and the results are expressed in terms of risk ratio (RR) with
95% confidence interval (CI). First, the crude association between
the exposures and the outcome was estimated. Following Roth-
man’s method [33], the beta coefficient was annotated and then
the potential confounders were introduced in the model, one at
a time: in case of a change of 10% of more of the original beta
coefficient, that variable was considered a confounder and later on
included in the final multivariable model. Age, body mass index,
physical inactivity, high blood pressure and socioeconomic status
were significant confounders.

Since the outcome was constructed based on three pain sites,
an individual analysis for each site could have provided hints on
whether the observed results were restricted to one or two specific
locations. However, it was observed that pain in these locations
overlap to a great extent: among the persons with neck pain 62.1%
also reported shoulder pain and 51.2% also reported back pain;
among those with shoulder pain, 56.3% and 42.5% also reported
neck and back pain respectively and; among those with back pain,
44.2% had shoulder pain and 48.3% had neck pain. Therefore, in the
main analyses the outcome was defined as frequent pain at any site.

The occurrence of the outcome was stratified by duration of the
exposures (5years or earlier and 6years or later, since the diag-
nosis). Chi-squared test was used to assess whether there was a
difference in the occurrence of pain in terms of the duration of the
exposures respectively (p-value of 0.768 for diabetes and 0.528 for
hyperlipidaemia). Although there was a slightly higher occurrence
of frequent BNSP among those who had been diagnosed with the
exposure more than 6 years ago (both for diabetes and hyperlipi-
daemia), these differences were not statistically significant and this
variable was not considered in the main analysis.

The analyses were repeated using a more stringent definition
of “free from disease” in which those with monthly BNSP were
excluded (n=2261), based on the hypothesis that those individuals
were in the pathway to become cases and therefore would dilute
the associations. Additionally, based on the information from lost to
follow-up, two possible scenarios were simulated: in the first one,
it was assumed that all those individuals who did not respond in

2010 developed frequent BNSP and; in the second one, it is assumed
the contrary situation: that none of them developed the outcome.

3. Results
3.1. Characteristics of the study population

A total of 10,044 persons were free from frequent pain in the
back, neck and/or shoulder/arms in 2006 (5021 men and 5023
women). The characteristics of the study population are presented
in Table 1. Here is presented the information based on the num-
ber of observations without missing data in the variables included
in the adjusted model (n=8666). The population was evenly dis-
tributed in terms of sex, the mean age was 60.0 years for men (SD:
9.4) and 59.5 years for women (SD: 9.5), for both men and women
the majority belonged to the categories 50-59 and 60-69 years old.
The average body mass index was 26.1 (SD: 3.5) for men and 24.7
(SD: 4.0) for women (data not shown). Almost half of the men were
overweighed, whereas the majority of women had a low/normal
BMI. Almost half of them had never been regular smoker (daily
smoker for at least 6 months), three out of ten reported having risky
alcohol intake, almost one quarter were receiving some form of
therapy for high blood pressure, more than forty percent exercised
regularly (44.2%), around one out of ten reported psychological
stress and the prevalence of diabetes and hyperlipidaemia were
5.2% and 15.5% respectively.

Among men, the majority were professionals and intermediate
non-manual employees. Among women, intermediate non-manual
employees was the most common socio-economic category fol-
lowed by assistant non-manual employees.

3.2. Main results

3.2.1. Men

Among men, the occurrence of frequent BNSP 4years after
follow-up was 15.3%. The crude RR for frequent BNSP among men
with diabetes was 1.77 (95% Cl: 1.34-2.34) compared to those men
with neither diabetes nor hyperlipidaemia (Table 2). In adjusted
analysis, the RR was 1.64 (95% CI: 1.23-2.18). The adjusted RR for
the association between hyperlipidaemia and frequent pain was
1.19 (95% CI: 0.98-1.44). Among those who had both diabetes and
hyperlipidaemia at the baseline the adjusted RR was 0.98 (95% CI:
0.65-1.47).

3.2.2. Women

The occurrence of frequent pain was 19.8% at 4 years follow-up.
The crude RR for frequent pain among women with hyperlipi-
daemia was 1.27 (95% CI: 1.08-1.50) compared to those women
with neither diabetes nor hyperlipidaemia (Table 3). After control-
ling for the confounders, the RR was 1.23 (95% CI: 1.03-1.46). The
adjusted RR for the association between diabetes and frequent pain
was 0.92 (95% CI: 0.60-1.41). Among those who had both diabetes
and hyperlipidaemia at the baseline the adjusted RR was 0.96 (95%
CI: 0.60-1.54).

3.3. Sensitivity analysis

Results from sensitivity analyses were in line with the ones
obtained in the main analyses (Tables 4 and 5). The only difference
was that a non-statistically significant increased risk of BNSP was
observed among women with both diabetes and hyperlipidemia
(RR=1.34 95% CI: 0.73-2.48).
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Table 1
Characteristics of the study population.
Men Women
Variable n % n % n %
Sex
Men 4384 50.6 - - - -
Women 4282 49.4 - - - -
Age
45-49 1455 16.8 691 15.8 764 17.8
50-59 2941 339 1456 33.2 1485 34.7
60-69 2897 334 1528 349 1369 32.0
70-84 1373 15.8 709 16.2 664 15.5
BMI
Normal or low (less than 25) 4400 50.9 1826 41.7 2574 60.3
Overweight (25-29.9) 3354 38.8 2080 474 1274 29.9
Obesity (30 or more) 896 104 478 10.9 418 9.8
Smoking habits
Never regular smoker 3850 48.8 1907 47.7 1943 50.0
Previously daily smoker 2900 36.8 1574 393 1326 34.1
Current daily smoker 1140 14.4 521 13.0 619 15.9
Risky alcohol consumption 2216 271 1186 284 1030 25.8
Receiving treatment for high blood pressure 2106 243 1142 26.0 964 225
Regular physical activity 3827 44.2 1960 44.7 1867 43.6
Psychological stress 733 8.7 304 71 429 103
Socioeconomic status (occupation)
Unskilled and semi-skilled 1008 11.6 493 11.2 515 12.0
Skilled workers 891 103 521 11.9 370 8.6
Assistant non-manual employees 1274 14.7 325 7.4 949 22.2
Intermediate non-manual employees 2314 26.7 1092 24.9 1222 28.5
Professionals 2206 25.5 1292 29.5 914 213
Self-employed non professionals 973 11.2 661 15.1 312 7.3
Diabetes/hyperlipidaemia status
Both DM and HL 205 2.4 133 3.0 72 1.7
Only DM 246 2.8 157 3.6 89 2.1
Only HL 1142 13.2 614 14.0 528 123
Neither DM nor HL 7073 81.6 3480 79.4 3593 83.9
Total 8666 4384 4282

DM: Diabetes mellitus; HL: Hyperlipidaemia; Smoking: 776 missing values (proportions based on 7890 observations); Risky alcohol intake: 499 missing values (proportions
based on 8167 observations); Psychological stress: 235 missing values (proportions based on 8431 observations); Body mass index: 16 missing values (proportions based on

8650 observations).

Table 2

Relative risk (Risk Ratio) for frequent pain. Men.
Men Crude Adjusted?
Exposure (cases/non-cases) RR 95% ClI RR 95% CI
Neither DM nor HL (502/2978) 1 1
Only HL (109/505) 1.23 1.02-1.49 1.19 0.98-1.44
Only DM (40/117) 1.77 1.34-2.34 1.64 1.23-2.18
Both DM and HL (21/112) 1.10 0.73-1.63 0.98 0.65-1.47

2 Adjusted for age, body mass index, physical activity, high blood pressure and socioeconomic status; DM: Diabetes mellitus; HL: Hyperlipidemia; RR: Risk ratio; CI:

Confidence interval.

Table 3

Relative risk (Risk Ratio) for frequent pain. Women.
Women Crude Adjusted?
Exposure (cases/non-cases) RR 95% CI RR 95% ClI
Neither DM nor HL (687/2906) 1 1
Only HL (128/400) 1.27 1.08-1.50 1.23 1.03-1.46
Only DM (18/71) 1.06 0.70-1.61 0.92 0.60-1.41
Both DM and HL (15/57) 1.09 0.69-1.72 0.96 0.60-1.54

2 Adjusted for age, body mass index, physical activity, high blood pressure and socioeconomic status; DM: Diabetes mellitus; HL: Hyperlipidemia; RR: Risk ratio; CI:

Confidence interval.

3.4. Characterization of lost to follow-up

Information regarding the characteristics of those who
answered in 2006 but did not in 2010 was collected in order
to identify potential selection bias (data not shown). Of notice,
the prevalence of diabetes was higher among lost to follow-up,

and the prevalence of having both conditions was higher among
lost to follow-up women but not among lost to follow-up men.
Additionally, the prevalence of hyperlipidaemia was lower among
lost to follow-up compared to the study population in both
men and women. The main results are preserved, except in the
extreme scenario in which it was assumed that all non-responder
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Table 4

Relative risk (Risk Ratio) of frequent pain using a “stringent definition” of free from disease. Men.
Men Crude Adjusted?
Exposure (cases/non-cases) RR 95% Cl RR 95% ClI
Neither DM nor HL (300/2401) 1 1
Only HL (63/392) 1.25 0.97-1.61 1.17 0.90-1.52
Only DM (25/97) 1.85 1.28-2.66 1.65 1.13-2.40
Both DM and HL (10/86) 0.94 0.52-1.70 0.80 0.44-1.48

2 Adjusted for age, body mass index, physical activity, high blood pressure and socioeconomic status; DM: Diabetes mellitus; HL: Hyperlipidemia; RR: Risk ratio; CI:

Confidence interval.

Table 5

Relative risk (Risk Ratio) of frequent pain using a “stringent definition” of free from disease. Women.
Women Crude Adjusted?
Exposure (cases/non-cases) RR 95% ClI RR 95% Cl
Neither DM nor HL (344/2216) 1 1
Only HL (68/287) 1.43 1.13-1.80 1.40 1.10-1.79
Only DM (14/56) 1.49 0.92-2.40 1.35 0.82-2.21
Both DM and HL (9/37) 1.46 0.80-2.64 1.34 0.73-2.48

2 Adjusted for age, body mass index, physical activity, high blood pressure and socioeconomic status; DM: Diabetes mellitus; HL: Hyperlipidemia; RR: Risk ratio; CI:

Confidence interval.

women developed the outcome: in this case the association hyper-
lipidaemia and frequent BNSP was not statistically significant
(RR=1.06, 95% CI: 0.94-1.19).

4. Discussion

The purpose of the study was to contribute to fill the existing
knowledge gap in the aetiology of BNSP through determining the
effect of diabetes and hyperlipidaemia on its development. Both
were shown to be independent risk factors for frequent BNSP,
but having both conditions did not increase the risk in this study.
The results differed to some extent between men and women: in
fact among women with diabetes, no elevated risk was seen. An
increased risk of frequent BNSP associated with hyperlipidaemia
was observed in both men and women: however, the risk esti-
mate was not statistically significant among men. After a sensitivity
analysis, in which the cohort was restricted to those without pain
or pain up to 2days in the last 6 months, the results were simi-
lar, which is that the association between diabetes and frequent
BNSP, and the one between hyperlipidaemia and frequent BNSP
was preserved for men and women respectively.

Contrary to the expected, having both exposures was not asso-
ciated with an increased risk of frequent BNSP in the main analysis.
This may be explained by the low number of exposed cases in
that category. However, another potential explanation may be that
those individuals with both conditions are recommended a more
intensive therapy (pharmacological and non-pharmacological) that
would eventually also protect them from developing frequent
BNSP.

At the sensitivity analysis using a more stringent definition of
free from pain, women, but not men, showed important varia-
tion (increase) in the risk for all exposures, although not reaching
statistical significance, except for hyperlipidaemia. These results
may suggest differences in the course of frequent pain by sex:
for women, reporting pain a couple of days in the last month
(intermediate category according to the response options in the
2006 questionnaire) are more likely to progress towards develop-
ing more frequent BNSP rather than going back to the category “free
from the disease”; and the opposite for men.

The present study is in line with two previous longitudinal stud-
ies. In a Finnish cohort study with a 28 years follow-up period,
cholesterol but not triglycerides were associated with incident
local low back pain after adjusting for significant confounders [23].

Unlike that study, ours presents RR based on a dichotomized out-
come, instead of comparing different tertiles. Similarly, in another
study from Finland, cholesterol was associated with higher proba-
bility of occlusion of lumbar arteries, which according to the author,
can lead to disc degeneration, which thereafter could lead to back
pain [34].

On the contrary, a Norwegian cohort with 11 year follow-up
examining lipids and low back pain, stratified by sex, showed no
results for onset of pain in the adjusted models [35]. It is possible
that the null findings were explained by the prolonged follow-
up time in that study and because of pain may change over time.
Additionally, the authors suggest that their positive findings in the
crude analysis were in fact explained by BMI, while in the current
study adjusting for BMI did not have any impact on the association
between hyperlipidaemia and frequent BNSP among women.

Our results, in terms of occurrence of frequent BNSP and the
effect of diabetes, differ by sex. If biological differences in terms of
either tissue composition or metabolic activity by sex are consid-
ered, this result is not surprising and on the other hand, a distinct
behaviour between men and women can contribute to explain the
result; for example, women may follow lifestyle recommendations
to a greater extent than men. The role of other external factors such
as differences in the filling of the questionnaire cannot be excluded.

Previous studies have also shown differential results by sex,
for example, another report from the above-mentioned Finnish
group that compared seven cardiovascular risk factors, among
them triglycerides and cholesterol, with frequent radiating pain in
the back during the past 12 months, in which serum triglycerides
showed a statistically significant odds ratio (OR) of 2.28 in men but
not in women [22]. Differences in the follow-up time as well as
the period measured (12 months instead of six) may be an expla-
nation for the discrepant results with respect to the present results
in addition to the fact that OR tends to overestimate the associa-
tions compared to risk ratio, given that the outcome is relatively
common.

This study was a4 year follow up cohort were information from a
random sample of the population was collected. This makes it pos-
sible to generalize the results to a broader population compared
to studies based on individuals attending specialized clinics or
with specific diagnosis. Furthermore, the questionnaire was trans-
lated into six foreign languages and various attempts were done
in order to reach a more representative sample of the individ-
uals living in Stockholm, which reduce the risk of selection bias. A
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potential selection bias was evaluated by simulating extreme sce-
narios (that either all or none of the lost to follow-up develop the
outcome) based on the information on lost individuals, being found
that the main results of this study are preserved. The stratifica-
tion by sex made it possible to study potential differences between
men and women. Despite a large study population, due to the low
prevalence of diabetes mellitus we did not have enough power to
detect modest associations, especially among individuals who had
both conditions: only 21 men and 15 women with both conditions
reported frequent BNSP.

The data was self-reported, which would increase the risk of
non-differential misclassification of diabetic individuals as non-
diabetic, and therefore, a dilution of the effect would occur;
however, given the relatively high sensitivity and specificity of the
self-reported data reported in previous studies [36], the magnitude
of such dilution would be marginal. Concerning hyperlipidaemia,
a more careful analysis should be done since it was not specified
which component of the lipid profile (triglycerides, total choles-
terol or low density lipoprotein) was elevated and the validity of
self-reported data here is less good than in diabetes [36].

A consideration should be made concerning the way the expo-
sures were asked in the 2006 questionnaire (“Have you received
any or some of the following diagnoses by a doctor?”): diabetes is
a quite stable diagnosis, and usually requires confirmation by fur-
ther tests, but contrarily, hyperlipidaemia is more often a reversible
condition [37] and therefore, patients could have had such diagno-
sis before, but being free from it at the moment of the survey and
during the follow-up. On the other hand, given the fact that women
usually attend the healthcare services more often than men [38],
it could be hypothesized that men who received these diagnoses
(diabetes and hyperlipidaemia) were more severe cases and that
would be the reason why the association for diabetes and frequent
BNSP was clearer among men than among women. Furthermore,
the term “diabetes” may refer to type 1 diabetes mellitus or to type
2 diabetes mellitus. It is not possible to report, based on this study,
whether a potential association between DM and frequent BNSP is
more due to one type or the other. But since type 2 diabetes mellitus
is the dominant type of diabetes, it is more likely that the results
are depending on this type of diabetes.

Statins have been studied in cross-sectional studies and found
to be associated with musculoskeletal pain [39], thus may explain
the findings concerning hyperlipidaemia and our outcome. Statins
may, however, lie in the causal pathway of the association between
hyperlipidaemia and BNSP, and should as such not be controlled
for, but rather stratified for. We did unfortunately not have any
information about medicine use, thus could not assess the role of
statins.

Residual or unmeasured confounding may also be a limitation
in the study, but overall, we believe that the role of unmeasured
confounders is most likely to be marginal.

A last, but not least consideration is regarding the duration of
the follow-up. Information on episodes of pain during the first
three and a half years of follow-up was lacking, as well as whether
some individuals, regardless of the exposure, got therapies for such
episodes of pain and were free from them at the time of the follow-
up. Since the exact mechanism of the — potential — association is not
yet clarified, it is not known whether a shorter or longer follow-up
would give different results. We have no reason to believe though
that this potential misclassification of exposure differ between
exposed and un-exposed.

Risk factors for BNSP have been studied extensively, but it is
also important to discuss the contribution of each risk factor for
the development of an outcome. To illustrate this in our study,
we calculated the population-attributable fraction for diabetes
among men - which is, the reduction in incidence of the out-
come if the exposure was removed from the population. [33] It is

approximately 6%, which means that this exposure only contributes
to a small fraction to the onset of BNSP. If diabetes increases in
the population, which is the case globally, it also means that the
incidence of BNSP may increase.

Further research investigating the combined effect of the expo-
sures is needed to clarify the associations studied here, as well as
more stringent measurement of the outcome. Future longitudinal
studies may ensure a better measurement of metabolic conditions
using laboratory tests, as well as a more comprehensive way of
measuring musculoskeletal pain and disability. Additionally, such
research should consider more than one cut-off point in time in
order to obtain a better description of the course of the outcome in
relation to the exposures.

5. Conclusions

This study suggests that metabolic diseases such as diabetes and
hyperlipidaemia may have an impact on the pathophysiology of
frequent BNSP. To conclude, there was a higher risk of frequent
BNSP among individuals with diabetes mellitus or hyperlipidaemia.
For diabetes mellitus, the risk may differ to some extent by sex,
being present in men only. A combination of the two exposures did
not increase the risk of frequent BNSP in any of the sexes.

6. Implications

Health professionals should contemplate the results from this
study when planning primary prevention strategies.
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