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Abstract: We aimed to assess if subjects with diabetes exhibit higher prevalence of chronic back
pain than age-sex-province of residence-matched non-diabetic controls. We also aimed to identify
predictors for chronic neck pain (CNP) or chronic low back pain (CLBP) among subjects with diabetes.
A case control study was conducted using data obtained from the Spanish National Health Survey 2017.
Multivariable conditional and unconditional logistic regression models were constructed. A total
of 2095 diabetes sufferers and 2095 non-diabetic matched controls were analyzed. The prevalence
of CNP and CLBP was 27.3% and 34.8%, respectively, in diabetes sufferers and 22.1% and 29.0% in
non-diabetes controls (both, p < 0.001). After multivariable analysis, the ORs showed significantly
higher adjusted risk of CNP (OR 1.34; 95% CI 1.19-1.51) and CLBP (OR 1.19, 95% CI 1.09-1.31) in
diabetes cases. Diabetes sufferers with CNP or CLBP showed higher use of pain medication and
higher prevalence of migraine/frequent headache than controls. Female sex, worse self-rated health
and use of pain medication were predictors for CNP and CLBP in subjects with diabetes. CNP and
CLBP are significantly more prevalent in diabetes sufferers than in controls. Current results can help
to design better preventive and educational strategies for these highly prevalent and burdensome
pains among diabetic patients.
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1. Introduction

Diabetes is a chronic disease representing a major health problem worldwide. It is a potentially
disabling condition ranked as the 18th most prevalent non-fatal condition globally [1]. Most concerning
data is that current rates of prevalence and years of living with disability is still worsening [1-3].
Furthermore, projections from 2016 to 2040 demonstrated that diabetes can evolve from the 15th to the
7th cause of premature mortality [4]. Similarly, the global economic burden of diabetes could increase
substantially even when considering the best international target scenario [5].
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Besides global estimations, regional characteristics should always be considered. In Spain,
from 1990 to 2016, diabetes moved down from 6th to 10th cause of death but it was maintained the
9th in the rank among the most disabling conditions considering the years living with disability [6].
The challenge to the health system and health care providers is not the only the diabetes itself but also
its related complications and comorbidities [5-8]. Chronic musculoskeletal pain is a frequent comorbid
condition of diabetes [9-11]. Similar to diabetes, low back and neck pain also represent prevalent and
disabling conditions which have shown a 19% increase in rate of prevalence and years living with
disability from 2005 to 2015 [12]. Data from the 2017 Global Burden Disease revealed that low back
pain was ranked as the first, diabetes as the 4th and neck pain as the 9th for females and 11th for males
most disabling conditions worldwide [1]. In Spain, neck and low back pain are ranked as the first [6].
Moreover, the individual burden of having comorbid diabetes to musculoskeletal pain is substantially
greater than the burden of having just one of each condition [13-15].

The Spanish National Healthcare System guarantees universal coverage and free healthcare access
to all Spanish nationals, regardless of economic situation or participation in the social security network
and is principally funded through taxation.

Some factors associated with the coexistence of diabetes and musculoskeletal pain include
female sex, greater BMI, sedentary lifestyle, impaired physical function, mental health disorders and
medication intake [16,17].

Previous studies have found that diabetes mellitus may be a predisposing factor for the
development of lumbar spinal stenosis [18]. The effect of diabetes on the immunological system
could result in the development of secondary infections in the back-causing LBP [19]. The presence
of diabetes may alter the properties of white matter and this can be a cause, predisposing factor,
consequence or compensatory adaptation of chronic musculoskeletal pain [20].

Even if several previous studies have researched diabetes and spinal pain the differences in
methodologies and settings (health centers or population based), variables collected, small sample
sizes and statistical methods make comparisons difficult and conclusions dubious [9-11,13,15-18].

Better understanding of potential association between diabetes and musculoskeletal pain in
the spine and identification of attributable risk factors are key components of public health policies
enabling better management of the patients in order to reduce their morbidity [6,17]. Therefore,
the current study aimed to assess if subjects with diabetes exhibit higher prevalence of chronic back
pain (neck and low back pain) than age-sex-province of residence-matched non-diabetic controls using
the Spanish National Health Survey conducted in 2017 (SNHS2017). We also aimed to identify the
variables associated with suffering from chronic neck pain (CNP) or chronic low back pain (CLBP)
among subjects with diabetes.

2. Materials and Methods

2.1. Design, Setting and Participants

A case control study was conducted using the data obtained from the SNHS2017 conducted
in Spain from October 2016 to October 2017. Details in the SNHS2017 methodology can be found
elsewhere [21]. Briefly, the SNHS2017 includes a representative sample of the Spanish Population
aged 15 years or over residing in main family dwellings. The sampling method is a stratified
three-stage sampling, with the first stage units being the census tracts, the second stage the main
family dwellings, and in the third stage an adult (aged >15 years old) randomly selected (Kish method)
within each household to fill in the used questionnaire [21]. The information collection method is the
computer-assisted personal interview (CAPI).

2.2. Main Outcomes Measures

In the SNHS2017, self-reported presence of chronic conditions was collected using the following
three consecutive questions: 1. Do you have or have you ever had any of the following diseases or
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heath conditions? 2. Have you suffered this disease/health condition within the past 12 months? and 3.
Was this disease/health condition diagnosed by a doctor? A card with a list of 32 conditions was shown
to the person interviewed after the first question and, for those conditions reported by the participant,
the second and third questions were completed consecutively for each specific condition.

Participants were asked if they suffered diabetes and only persons who answered affirmatively
to the three questions used to identify its presence were considered cases as “diabetes sufferers”.
Those subjects interviewed that answered “yes” only the first or to the first two questions and “no” to
the third question were excluded from the study sample, so they could not be selected as a control.

The same method was used to identify participants who suffered CNP or CLBP. Participants were
informed by the interviewer, prior to answering these questions, that a “chronic disease or health
condition” is that one lasting for at least six months [21].

The independent variables are analyzed, and their categories are detailed in Tables 1 and 2 and
included, gender, age, educational level, living with a partner, self-rated health and limitations for
usual activities. The pain characteristics analyzed were pain intensity and use of pain medication
prescribed by a physician. The information regarding pain intensity was obtained with the question
“Opver the last four week, what intensity of pain have you suffered?” Six possible options were given:
(1) None, (2) Very light, (3) Light, (4) Moderate, (5) Severe and (6) Extreme. For study purpose we
grouped these options in three categories “Light” (including “very light” and “light”), “Moderate”
(including “moderate”) and “Severe/extreme” (including “severe” and “extreme”) [22].

Table 1. Differences in study variables among adults with diabetes and age-sex—province of residence
matched non-diabetic subjects.

Variable Categories No Diabetes Diabetes P
n % n %
Gender Female 1056 50.4 1056 50.4 NA
15-59 years 233 111 233 11.1 NA
Age groups 60-69 years 1093 52.2 1093 52.2
70 years or over 769 36.7 769 36.7
No studies/primary 1474 70.4 1668 79.6 <0.001
Educational level Secondary 255 122 222 10.6
High education 366 17.5 205 9.8
Living with a partner Yes 1176 56.1 1163 55.5 0.686
Fair/poor/very poor 1007 48.1 1397 66.7 <0.001
Self-rated health Very good/good 1088 519 698 333
Limitations for usual activities ? Yes 877 419 1173 56.0 <0.001
Asthma Yes 88 42 158 7.5 <0.001
COPD Yes 154 7.4 214 10. <0.001
Heart disease P Yes 273 13.0 423 20.2 <0.001
Stroke Yes 26 12 51 2.4 0.004
Cancer Yes 75 3.6 81 3.9 0.624
High blood pressure Yes 837 40.0 1296 61. <0.001
Mental disorders © Yes 294 14.0 396 18.9 <0.001
Migraine or frequent headache Yes 156 74 185 8.8 0.101
<25 770 36.8 551 26.3 <0.001
Body mass index 4 25-29.9 886 424 834 39.9
>30 434 20.8 707 33.8
0-3 days 312 32.8 323 34.0 0.593

3 3 e
Physical exercise 4-7 days 638 672 627 660
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Table 1. Cont.

Variable Categories No Diabetes Diabetes p
n Y% n %
Never 1091 52.2 1059 50.6 0.168
Tobacco use Ex-smoker 664 31.8 721 344
Current smoker 336 16.1 314 15.0
Alcohol consumption Yes 804 38.5 635 30.3 <0.001
Light 506 42.8 512 36.5 <0.001
Pain intensity & Moderate 423 35.8 486 34.6
Severe/extreme 252 21.3 405 28.9
Use of pain medication h Yes 776 445 981 47.6 0.052
Chronic neck pain Yes 464 22.1 572 27.3 <0.001
Chronic low back pain Yes 607 29.0 730 34.8 <0.001
Chronic neck and low back pains Yes 348 16.6 443 21.1 <0.001

NA. Not adequate as this a matching variable. ? Limited because of a health problem in activities people usually do
over the last 6 months. ® Heart disease included coronary disease. Myocardial infarction and angina. ¢ Mental
disorder included anxiety and/or depression. 4 Body mass index bases on self-reported height and weight. © Physical
exercise. Days per week with walking for at least 10 min. f Alcohol consumption. If the subject has consumed
alcohol two or more times a month over the last year. 8 Pain intensity in the last 4 weeks. M Consumption of
physician prescribed pain medication in last 2 weeks.

Table 2. Prevalence of chronic neck pain and chronic low back pain among subjects with diabetes and
non-diabetic controls according to socio-demographic and pain characteristics.

Chronic Neck Pain Chronic Low Back Pain
No . No .

Diabetes Diabetes Diabetes Diabetes

n % n % n % n %
d Male 2P 152 146 176 169 226 21.8 261 25.1

Gender ¢ ab

Female & 312 295 396 375 381 36.1 469 44.4
15-59 years ab 29 124 50 21.5 33 14.2 54 23.2
Age groups %4 60-69 years P 222 203 276 253 304 278 387 354
70 years or over P 213 277 246 320 270 351 289 37.6
No studies/primary ab 365 24.8 490 29.4 473 32.1 618 37.1
Educational level ¢4 Secondary P 47 184 39 176 56 220 60 27.0
High education ab 52 14.2 43 21.0 78 21.3 52 25.4
Livine with a partner &4 No &P 233 254 292 313 307 334 341 36.6
& P Yes & 231 196 280 241 300 255 389 334
Concomitant chronic No® NA - NA - 259 159 287 18.8
neck pain 4 Yes b NA - NA - 348 750 443 774

Concomitant chronic low No 116 7.8 129 9.5 NA - NA -

back pain ¢4 Yes 2 348 573 443 607 NA - NA -
Light 100 19.8 101 19.7 143 28.3 140 27.3
Pain intensity od Moderate 158 374 179 36.8 213 50.4 236 48.6
Severe/extreme 146 579 232 57.3 167 66.3 271 66.9
Use of pain medication ¢4 No 132 13.6 153 14.2 186 19.2 205 19.0
P Yes &b 313 403 413 421 393 50.6 518 52.8
Migraine or fre%uent No ab 388 20.0 464 24.3 521 26.9 610 31.9
headache ¢ Yes &b 76 48.7 108 584 86 55.1 120 64.9

2 Significant differences between diabetes sufferers and non-diabetes controls with chronic neck pain.  Significant
differences between diabetes sufferers and non-diabetes controls with chronic low back pain. Comparisons conducted
using the McNemar test. © Significant association between the variable and chronic neck pain. 4 Significant association
between the variable and chronic low back pain. Comparisons conducted using chi square test.

The same method (questions) used to identify diabetes, CNP or CLBP was applied to determine
the presence of asthma, chronic obstructive pulmonary disease (COPD), heart disease, stroke,
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cancer, high blood pressure mental disorders (anxiety/depression) and a migraine/frequent headache.
Lifestyle variables included body mass index, physical exercise, tobacco use and alcohol consumption.

All questions included in the SNHS2017 and explanations on how the questionnaires are conducted
are described elsewhere [21,22].

2.3. Matched Case Control Design

The mean age of individuals aged 15 years or over in the SNHS2017 with self-reported physician
diagnosis diabetes was 67.8 years (SD 13.25). The mean age of those without self-reporting diabetes
was significantly lower 46.9 (SD 18.35) years (p < 0.001). Given this significant difference, we matched
the sample of diabetes sufferers with a matched sample of non-diabetes subjects. Therefore, for each
diabetes sufferer (case), we selected an age and gender-matched subject without diabetes (control)
living in the same province. If more than one matched control was available for a case, the selection
was randomly conducted. With this process, we were able to find a matched control for each of the
2095 diabetes sufferers included in the SNHS2017.

2.4. Statistical Analysis

Results are shown and compared according to the presence of diabetes. We estimated the
prevalence of CNP and CLBP by the study variables. As descriptive statistics for quantitate variables,
we used mean and standard deviation, and for qualitative variables, we calculated proportions.
The McNemar test and paired Student t-tests were conducted to compare proportions and means
between subjects with and without diabetes. To assess the association between the study variables and
the presence of CNP or CLBP within the diabetic population we used the Chi square test.

Multivariable conditional logistic regression models were constructed to estimate the risk of
suffering CNP or CLBP among diabetes sufferers versus no-diabetes controls after adjusting for potential
confounders. Unconditional logistic regression models were used to identify which variables were
independently associated with the presence of CNP and CLBP among diabetes sufferers. These models
were the construction of the logistic regression model and were done following the recommendation
of Hosmer et al. [23]: (i) bivariate analysis of each single variable; (ii) we included all the variables
significant in the bivariate and those we considered important in the references reviewed; (iii) to fit of
the multivariate model we used the Wald statistic for each variable to see its contribution to the model;
(iv) the Likelihood Ration test was used to compare the new model with the previous; (v) once the
final model was constructed, we checked for the existence of linearity and interactions in the model.
No significant interactions were found. Adjusted Odds Ratio (OR) with 95% confidence intervals
(95% CI) is the measure of association provided by the multivariable models.

The STATA 14.0 (StataCorp. 2015. Stata Statistical Software: Release 14. StataCorp LP,
College Station, TX, USA) was used for statistical analysis and significance was set at two-tailed
o < 0.05.

2.5. Ethical Aspects

In accordance with the Spanish legislation, as we used a public access dataset with anonymous
data, the approval of an ethics committee is not needed. The database can be downloaded freely by
anyone [24].

3. Results

A total of 2095 diabetes sufferers and 2095 non-diabetic matched controls were included.
The distribution of the study populations is summarized in Table 1. Diabetes sufferers have a lower
educational level, worse self-rated health and more limitations for usual activities. Diabetes sufferers
reported a higher prevalence of all medical conditions (all, p < 0.01) except for cancer and
migraine/frequent headache. Obesity (BMI > 30) was more prevalent (33.8% vs. 20.8%; p < 0.001) and
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alcohol consumption was lower (30.3% vs. 38.5%; p < 0.001) in diabetes sufferers. Severe/extreme pain
intensity and use of pain medication were also more prevalent in subjects with diabetes (p < 0.001).

The prevalence of CNP and CLBP was 27.3% and 34.8%, respectively, in diabetes sufferers and
22.1% and 29.0% in non-diabetes controls (both, p < 0.001). In addition, 21.1% diabetes cases and 16.6%
controls reported suffering both neck and low back pain (p < 0.001). After multivariable analysis,
the ORs showed significantly higher adjusted risk of CNP (OR 1.34; 95% CI 1.19-1.51) and CLBP
(OR 1.19, 95% CI 1.09-1.31) in diabetes cases when compared with matched non-diabetic controls.
This means that after adjusting by possible confounders diabetes sufferers had 34% and 19% higher
adjusted risk of CNP and CLBP than non-diabetic controls.

Table 2 summarizes the prevalence of CNP and CLBP in diabetes and non-diabetes subjects
according to socio-demographic variables and pain features. The prevalence of CNP and CLBP
was significantly higher in diabetes sufferers than among non-diabetes controls according to all
sociodemographic variables.

Among diabetes sufferers, the prevalence of CNP was more than twice as high in females than in
males (37.5% vs. 16.9%; p < 0.001) and increased with age, from 21.5% in the youngest group to 32.0%
in the oldest group. For CLBP, 44.4% of females with diabetes reported CLBP compared with 25.1% of
diabetic males (p < 0.001). The highest prevalence of CLBP among diabetes sufferers was found in the
oldest group (37.6%) vs. The lowest was found within the youngest group (23.2%). Regarding pain
characteristics, diabetes sufferers with CNP or CLBP showed higher use of pain medication and also
higher prevalence of migraine/frequent headache than non-diabetic controls.

As it can be observed in Table 3, the presence of CNP or LBP was associated with worse
self-rated health and more limitations for usual activities in individuals with and without diabetes
(p < 0.01), being these differences more acute in CLBP. In diabetes sufferers, the prevalence of CNP
was higher in those also suffering concomitant medical conditions, particularly mental disorders
(48.2%), asthma (45.6%), and COPD (40.7%). Similarly, diabetes sufferers suffering from CLBP showed
more comorbidity with most medical conditions, mostly asthma (57.6%), mental disorders (55.3%),
COPD (52.8%) and cancer (51.9%). Regarding lifestyle habits, a BMI > 30 and practicing less physical
activity were associated with higher prevalence of CNP and CLBP in diabetes sufferers and also
matched non-diabetic controls.

Table 3. Prevalence of chronic neck pain and chronic low back pain among subjects with diabetes and
non-diabetic controls according to health status and lifestyles variables.

Chronic Neck Pain Chronic Low Back Pain

No . No .
Diabetes Diabetes Diabetes Diabetes
n % n % n % n %

Fair/poor/very poor 355 353 480 344 454 451 617 44.2

,d
Self-rated health © Very good/good * 109 100 92 132 153 141 113 162

Limitations for usual No 2P 140 115 140 152 209 172 182 197
activities &4 Yes 324 369 432 368 398 454 548 467

h o No b 440 219 500 258 579 288 639  33.0
Asthma Yes @b 24 273 72 456 28 318 91 57.6
iy No @b 411 212 485 258 547 282 617 328

COPD* Yes ab 53 344 87 407 60 390 113 528

, " No ab 379 208 426 255 508 279 546 327

Heart disease Yes 2P 85 311 146 345 99 363 184 435
Stro No @b 456 220 556 272 596 288 711 348
roxe Yes b 8 308 16 314 11 423 19 373

. No @b 441 218 541 269 583 289 688 342

I Yes @b 23 307 31 383 24 320 42 51.9
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Table 3. Cont.
Chronic Neck Pain Chronic Low Back Pain
No . No .
Diabetes Diabetes Diabetes Diabetes
No &b 240 191 192 240 308 245 234 293
: cd
High blood pressure Yes ab 24 268 380 293 299 357 496 383
_ w No &b 327 182 381 224 449 249 511 301
Mental disorders © Yes ab 137 466 191 482 158 537 219 553
<25ab 159 206 154 279 188 244 186  33.8
Body mass index 4 25-29.9 ab 190 214 193 231 262 296 261 313
>302b 113 260 225 318 156 359 283  40.1
Phusical exercise &4 0-3 days 2P 63 202 8 257 8 269 116 359
ysical exercise 4-7 days @b 104 163 140 223 137 215 182 290
Never &b 282 258 342 323 363 333 418 395
Tobacco use &4 Ex-smoker &P 126 19.0 161 223 169 255 208 28.8
Current smoker 2 55 164 69 220 74 220 104 331
Aleohol o o4 No &b 313 243 452 310 420 326 556 381
cofiof consumption Yes P 150 187 119 187 18 231 172 27.1

2 Significant differences between diabetes sufferers and non-diabetes controls with chronic neck pain.  Significant
differences between diabetes sufferers and non-diabetes controls with chronic low back pain. Comparisons conducted
using the McNemar test. © Significant association between the variable and chronic neck pain. 4 Significant association
between the variable and chronic low back pain. Comparisons conducted using chi square test.

The predictors for suffering CNP and CLBP in diabetes sufferers after multivariable adjustment
are shown in Table 4. Women showed higher probability of reporting CNP (OR 1.79, 95% 1.32-2.42) and

CLBP (OR 1.37, 95% 1.01-1.86). Additionally, CNP and CLBP were associated with higher probability
of reporting fair/poor/very poor self-rated health (OR 1.69, 95% CI 1.16-2.47 and 2.24, 95% 1.62-3.11,
respectively) and higher pain medication use (OR 2.06, 95% CI 1.49-2.82 and 2.00, 95% 1.50-2.67,

respectively). The presence of CNP or CLBP was also associated with higher probability of reporting
a migraine/frequent headache. Finally, diabetes sufferers with concomitant CNP, but not those with
CLBP, had higher probability of also presenting mental disorders (OR 1.48, 95% CI 1.04-2.13).

Table 4. Factors associated with suffering chronic neck pain and chronic low back pain among diabetes

sufferers. Results of multivariable logistic regression analysis.

Chronic Neck Pain

Chronic Low Back Pain

OR (95% CI)

OR (95% CI)

15-59 years NS 1
Age groups 60-69 years NS 1.47 (1.01 to 1.98)
70 years or over NS 1.87 (1.37 to 2.58)
Gend Male 1 1
ender Female 1.79 (1.32 to 2.42) 1.37 (1.01 to 1.86)
Very good/good 1 1
Self-rated health Fair/poor/very poor 1.69 (1.16 to 2.47) 224 (1.62 to 3.11)
Limitations for usual No NS 1
activities Yes NS 1.56 (1.11 to 2.18)
. L No 1 1
Use of dicat
s€ ot pain mecication Yes 2.06 (1.49 to 2.82) 2.00 (150 to 2.67)
. No 1 NS
Mental disorder Yes 1.48 (1.04 t0 2.13) NS
Migraine or frequent No 1 1
headache Yes 1.91 (1.23 t0 2.97) 1.59 (1.04 to 2.56)




J. Clin. Med. 2020, 9, 2867

Table 4. Cont.
Chronic Neck Pain Chronic Low Back Pain
OR (95% CI) OR (95% CI)
<25 NS 1
Body mass index 25-29.9 NS NS
>30 NS 1.33 (1.17 to 1.53)
Concomitant chronic No NIM 1
neck pain Yes NIM 10.46 (7.72 to 14.17)
Concomitant chronic low No 1 NIM
back pain Yes 10.46 (7.72 to 14.17) NIM

NS: not significant. NIFM: not included in the model. OR: odds ratios estimated using multivariable unconditional
logistic regression. CI: confidence interval.

Diabetes sufferers with concomitant CLBP were significantly older (OR 1.87, 95% CI 1.37-2.58),
reported more limitations for usual activities (OR 1.56, 95% CI 1.11-2.18) and had a BMI > 30 (OR 1.33,
95% CI 1.17-1.53). These associations were not seen in diabetes sufferers with concomitant CNP.

Finally, the presence of concomitant CNP represented an increased risk (OR 10.46, 95% 7.72-14.17)
of suffering concomitant CLBP in our sample of diabetes sufferers.

4. Discussion

The current population-based study revealed a greater prevalence of CNP, CLBP and the
combination of both conditions in subjects with diabetes when compared to age- and sex-matched
non-diabetic controls. Common factors identified within diabetes sufferers associated to the presence
of CNP and CLBP included female sex, worse self-rated health status, higher use of pain medication
and another concomitant disease. However, some variables were associated with a greater risk of either
CNP or CLBP. The presence of mental disorders was an associated risk factor for CNP, while older age,
limitation for usual activities and greater BMI were associated with a greater risk to report CLBP.

The association between diabetes and spinal musculoskeletal pain, i.e., CLBP or CNP, is in
agreement with previous reports [9-11,16,17]. The magnitude of the association with diabetes was
slightly greater for CNP (OR: 1.34) than the magnitude observed for CLBP (OR: 1.19). This is the
opposite of pooled data reported in the recent metanalysis conducted by Pozzobon et al., [10] who
reported an OR 1.35 for the association between diabetes and CLBP and an OR 1.24 for the association
between diabetes and CNP. This discrepancy could be a reflection of regional differences related to
health care policies, cultural, environment and genetics aspects that are not evident in metanalysis that
pool data from different countries. On the other hand, a previous populational-based study in Spain
also reported higher association between diabetes with CLBP than with CNP [17]. A change in these
associations reinforces the idea that research about comorbid conditions need to be constantly updated
as it can be influenced not only be regional aspects but may also be a dynamic relationship and change
over the years.

The comorbid relationship between chronic back pain (neck and low back pain) and diabetes is not
completely clarified. Different hypotheses have been proposed with a possible bidirectional influence.
Pathoanatomical changes of the spine have been linked as a consequence of the hyperglycemia and
altered fat metabolism commonly present in diabetes [25-27], and changes in health style and diet
habits associated with chronic pain can lead to type 2 diabetes [28,29]. In fact, current literature
tends to support the hypothesis that these conditions share common risk factors, such as obesity and
less physical activity, instead of a causal relationship, as no causality could be determined in the
longitudinal studies previously conducted [10,30-33].

An alternative explanation that could contribute to the association between diabetes and chronic
back pain is what has been called the “double-crush syndrome” [34]. The metabolic alterations caused
by diabetes, such as prolonged hyperglycemia, can hit the peripheral nerve first, which then becomes
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more susceptible to a “second hit”, by the local factors related to entrapment, such as increased pressure,
strain and/or elongation in the anatomically narrow sites [34,35].

Regardless of the underlying mechanisms leading to this comorbid relationship, our data reinforce
that co-existence of diabetes and spinal pain accentuates the prevalence of most severe pain intensity,
more use of pain medications and other comorbid diseases (e.g., migraine, asthma, COPD or mental
disorders). Additionally, the co-existence of these conditions was also associated with lower practice
of physical activity and worse self-rated health perception. A negative impact of these conditions in
physical activity, health-perception and quality of life has already been reported [9,16,36]. Therefore,
it would be reasonable to suggest that direct and indirect burden related to diabetes will be higher if it
is associated with CNP or CLBP.

Better understanding of potential associated risk factors can help to guide some strategies to
manage and reduce their impact. Among those common factors associated with CNP and CLBP in
subjects with diabetes, the greatest risk to report pain in one area was the presence of pain in the other
site. This association is expected and is described in patients with chronic musculoskeletal pain and
emphasizes that the best way to reduce the incidence of chronic pain is to prevent acute pain and
proper management when it occurs [37]. We observed that consumption of pain medication was twice
in subjects with diabetes and concomitant CNP or CLBP. It would be relevant to determine if alternative
interventions, such as pain education and non-pharmacological management, would be more suitable
options to manage comorbid conditions. For instance, implementation of regular exercise programs
can be of interest for this population. In fact, exercise does not only alleviate musculoskeletal pain
but also promotes improved quality of life, and reduces mortality in individuals with diabetes [38,39].
However, caution should be taken for proper and gradual prescription in people with chronic pain
since they present distinct responses and adaptations to exercise [40].

The association between female sex and the greater risk to report CNP or CLBP is consistent with
previous reports in patients with diabetes [16,33], and it is also consistent in chronic musculoskeletal
pain [37]. Gender differences may be driven by biological and social aspects in relation to the pain
experience [41,42]. However, lifestyle habits that are also recognized as risk factors for CLBP and
CNP in a general population, such as alcohol and tobacco consumption [43,44], did not appear among
potential risk factors in our sample of diabetes sufferers.

Finally, some variables were associated with only CNP or CLBP in diabetes sufferers. A greater
BMI was a risk factor just for CLBP, but not for CNP. This finding has been previously observed in
patients with diabetes [16,17]. The remained risk factors for just CLBP, e.g., older age and limitation for
usual activities [44—47], and for just CNP, such as mental disorders [44,48,49], have been also associated
in previous studies with these pain conditions, but without considering the presence of diabetes.
Therefore, public health programs and tailored individual management of people with diabetes should
consider these differences.

The strengths of this population-based study include a case-control matched design, the use of
standardized surveys and training of the data collectors. Furthermore, the novelty of our work is that
we analyzed sociodemographic variables that are not collected in clinical records and self-reported
lifestyles and pain characteristics, variables that are not usually collected with standardized methods
in the clinical settings. Furthermore, we have a large (over 2000 subjects) representative sample of
the entire Spanish population suffering diabetes, not a selected sample from one or several hospitals
or primary care centers. On the other hand, the current study also presents some limitations. First,
there are difficulties in examining prevalence due to precise definitions of the conditions of interest.
For the question related to diabetes, a study performed in Spain reported specificities >95% and
sensitivities >70% using medical records as the gold standard [50]. However, it is not the case of
the questions used for CNP and CLBP, since they have not been validated yet. Second, we did not
assess specific characteristics of diabetes (type, duration, treatment and complications) neither did
we assess the severity, duration or related-disability of CNP and CLBP which would provide further
knowledge about their associations. Third, comorbid diabetes and CLBP/CNP can have various causal
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links (i.e., depression, discopathy, inflammation, overweight/obesity, neuropathy) and consequences
(i.e., reduction in physical activity, therapy compliance, quality of life), which, given the limited
information collected by the SNHS2017, could not be fully investigated. Further studies should include
these relevant variables. Forth, responses were based on individual’s self-reporting (although with a
medical diagnosis confirmation) so under-reporting/over-reporting may appear from recall or social
desirability biases [36,37]. Fifth, the final non-response rate for the SNHS17 was 27.8%, so the existence
of a non-response bias must be considered [21]. Sixth, given the cross-sectional design is not possible
to discard the existence of a reverse casualty bias. Seventh, we analyzed information on physical
exercise by asking the days per week the interviewed person walked for at least 10 min; these data were
collected using questions included in the short version of the adapted International Physical Activity
Questionnaire. [51]. The SNHS2017 measures walking to quantify the volume of physical activity
in order to be able to identify the population that does not meet the World Health Organization’s
recommendations on physical activity [21].

5. Conclusions

We conclude that diabetes was shown to be associated with a higher risk of reporting CNP and
CLBP. Female sex, worse self-rated health, use of pain medication and other concomitant chronic
pain were associated with greater risk of presenting CNP and CLBP among individuals with diabetes.
Mental disorder was an associated risk factor only for CNP, while older age, limitation for usual
activities and greater BMI were only associated with a greater risk to report CLBP. Current results can
help to design better preventive and educational management strategies for these chronic conditions
that are highly prevalent and burdensome among diabetic patients.

Author Contributions: Conceptualization, L.L.F. and A.L.-d.-A.; Data curation, V.H.-B.; N.P-F,, Formal analysis,
V.H.-B. and D.P-C.; Funding acquisition: A.L.-d.-A.; Methodology, R].-G., R.A.-V. and V.H.-B.; Writing—original
draft preparation, L.L.F. and A.L.-d.-A.; Writing—review and editing, R.A.-V., D.P.-C., CF-d.-l.-P, R]J.-G., N.P-E,
D.C.-A. and D.M.-H. All authors have read and agreed to the published version of the manuscript.

Funding: This study is a part of the research funded by the FIS (Fondo de Investigaciones Sanitarias—Health
Research Fund, Instituto de Salud Carlos III) and co-financed by the European Union through the Fondo Europeo
de Desarrollo Regional (FEDER, “Una manera de hacer Europa”): grant no. PI16/00564.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and national
incidence, prevalence, and years lived with disability for 354 diseases and injuries for 195 countries and
territories, 1990-2017: A systematic analysis for the Global Burden of Disease Study 2017. Lancet 2018,
392, 1789-1858. [CrossRef]

2. Khan, M.A.B.; Hashim, M.].; King, ].K.; Govender, R.D.; Mustafa, H.; Al Kaabi, J. Epidemiology of Type
2 Diabetes—Global Burden of Disease and Forecasted Trends. . Epidemiol. Glob. Health 2020, 10, 107-111.
[CrossRef] [PubMed]

3.  Saeedi, P; Petersohn, I.; Salpea, P.; Malanda, B.; Karuranga, S.; Unwin, N.; Colagiuri, S.; Guariguata, L.;
Motala, A.; Ogurtsova, K.; et al. Global and Regional Diabetes Prevalence Estimates for 2019 and Projections
for 2030 and 2045: Results from the International Diabetes Federation Diabetes Atlas, 9th edition. Diabetes
Res. Clin. Pract. 2019, 157, 107843. [CrossRef] [PubMed]

4. Foreman, K.J.; Marquez, N.; Dolgert, A.; Fukutaki, K.; Fullman, N.; McGaughey, M.; Pletcher, M.A;
Smith, A.E.; Tang, K,; Yuan, C.-W.; et al. Forecasting life expectancy, years of life lost, and all-cause
and cause-specific mortality for 250 causes of death: Reference and alternative scenarios for 2016-40 for
195 countries and territories. Lancet 2018, 392, 2052-2090. [CrossRef]

5. Bommer, C.; Sagalova, V.; Heesemann, E.; Manne-Goehler, ].; Atun, R.; Barnighausen, T.; Davies, J.; Vollmer, S.
Global Economic Burden of Diabetes in Adults: Projections From 2015 to 2030. Diabetes Care 2018, 41, 963-970.
[CrossRef]


http://dx.doi.org/10.1016/S0140-6736(18)32279-7
http://dx.doi.org/10.2991/jegh.k.191028.001
http://www.ncbi.nlm.nih.gov/pubmed/32175717
http://dx.doi.org/10.1016/j.diabres.2019.107843
http://www.ncbi.nlm.nih.gov/pubmed/31518657
http://dx.doi.org/10.1016/S0140-6736(18)31694-5
http://dx.doi.org/10.2337/dc17-1962

J. Clin. Med. 2020, 9, 2867 110f13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Soriano, ].B.; Rojas-Rueda, D.; Alonso, ]J.; Anté, ].M.; Cardona, PJ.; Ferndndez, E.; Garcia-Basteiro, A.L.;
Benavides, F.G.; Glenn, S.D.; Krish, V.; et al. The burden of disease in Spain: Results from the Global Burden
of Disease 2016. Med. Clin. 2018, 151, 171-190. [CrossRef]

Vu, G.T,; Tran, B.X.; McIntyre, R.S.; Pham, H.Q.; Phan, H.T.; Ha, G.H.; Gwee, K ; Latkin, C.; Ho, R.; Ho, C.
Modeling the Research Landscapes of Artificial Intelligence Applications in Diabetes (GAPRESEARCH).
Int. J. Environ. Res. Public Health 2020, 17, 1982. [CrossRef]

Nowakowska, M.; Zghebi, S.S.; Ashcroft, D.M.; Buchan, I.; Chew-Graham, C.; Holt, T.; Mallen, C,;
Van Marwijk, H.; Peek, N.; Perera-Salazar, R.; et al. The comorbidity burden of type 2 diabetes mellitus:
Patterns, clusters and predictions from a large English primary care cohort. BMC Med. 2019, 17, 145.
[CrossRef]

Rehling, T.; Bjerkman, A.D.; Andersen, M.B.; Ekholm, O.; Molsted, S. Diabetes Is Associated with
Musculoskeletal Pain, Osteoarthritis, Osteoporosis, and Rheumatoid Arthritis. J. Diabetes Res. 2019,
2019, 6324348. [CrossRef]

Pozzobon, D.; Ferreira, PH.; Dario, A.B.; Almeida, L.; Vesentini, G.; Harmer, A.R.; Ferreira, M.L. Is there an
association between diabetes and neck and back pain? A systematic review with meta-analyses. PLoS ONE
2019, 14, e0212030. [CrossRef]

Kaka, B.; Maharaj, S.S.; Fatoye, E. Prevalence of musculoskeletal disorders in patients with diabetes mellitus:
A systematic review and meta-analysis. |. Back Musculoskelet. Rehabil. 2019, 32,223-235. [CrossRef] [PubMed]
Hurwitz, E.L.; Randhawa, K,; Yu, H.; Cété, P.; Haldeman, S. The Global Spine Care Initiative: A summary of
the global burden of low back and neck pain studies. Eur. Spine . 2018, 27, 796-801. [CrossRef] [PubMed]
Liberman, O.; Peleg, R.; Shvartzman, P. Chronic pain in type 2 diabetic patients: A cross-sectional study in
primary care setting. Eur. ]. Gen. Pract. 2014, 20, 260-267. [CrossRef] [PubMed]

Davies, M.; Brophy, S.; Williams, R.; Taylor, A. The prevalence, severity, and impact of painful diabetic
peripheral neuropathy in type 2 diabetes. Diabetes Care 2006, 29, 1518-1522. [CrossRef] [PubMed]

Krein, S.L.; Heisler, M.; Piette, ].D.; Makki, E; Kerr, E.A. The effect of chronic pain on diabetes patients’
self-management. Diabetes Care 2005, 28, 65-70. [CrossRef]

Molsted, S.; Tribler, J.; Snorgaard, O. Musculoskeletal pain in patients with type 2 diabetes. Diabetes Res.
Clin. Pract. 2012, 96, 135-140. [CrossRef]

Jimenez-Garcia, R.; Del Barrio, J.L.; Hernandez-Barrera, V.; de Miguel-Diez, J.; Jimenez-Trujillo, I.;
Martinez-Huedo, M.A.; Lopez-de-Andres, A. Is there an association between diabetes and neck pain
and lower back pain? Results of a population-based study. J. Pain Res. 2018, 11, 1005-1015. [CrossRef]
Anekstein, Y.; Smorgick, Y.; Lotan, R.; Agar, G.; Shalmon, E.; Floman, Y.; Mirovsky, Y. Diabetes mellitus as a
risk factor for the development of lumbar spinal stenosis. Isr. Med. Assoc. ]. 2010, 12, 16-20.

Ladhani, S.; Phillips, S.D.; Allgrove, ]. Low back pain at presentation in a newly diagnosed diabetic.
Arch. Dis. Child. 2002, 87, 543-544. [CrossRef] [PubMed]

Lieberman, G.; Shpaner, M.; Watts, R.; Andrews, T.; Filippi, C.G.; Davis, M.; Naylor, M.R. White matter
involvement in chronic musculoskeletal pain. J. Pain 2014, 15, 1110-1119. [CrossRef]

Instituto Nacional de Estadistica. Encuesta Nacional de Salud 2017 [National Health Survey 2017]. Available
online: https://www.ine.es/en/metodologia/t15/t153041917_en.pdf (accessed on 11 March 2020).

Instituto Nacional de Estadistica. Encuesta Nacional de Salud 2017. Cuestinario de Adultos [National Health
Survey 2017. Adults Questionnaire]. Available online: https://www.ine.es/metodologia/t15/ense_adul7.pdf
(accessed on 11 March 2020).

Hosmer, D.W.; Lemeshow, S.; Sturdivant, R.X. Applied Logistic Regression, 3rd ed.; John Wiley & Sons, Inc.:
Hoboken, NJ, USA, 2013.

Ministerio de Sanidad Consumo y Bienestar Social. Encuesta Nacional de Salud 2017. Microdatos. [National
Health Survey 2017. Microdata]. Available online: https://www.mscbs.gob.es/estadisticas/microdatos.do
(accessed on 11 March 2020).

Fields, A.J.; Berg-Johansen, B.; Metz, L.N.; Miller, S.; La, B.; Liebenberg, E.C.; Coughlin, D.G.; Graham, ].L.;
Stanhope, K.L.; Havel, PL. Alterations in intervertebral disc composition, matrix homeostasis and
biomechanical behavior in the UCD-T2DM rat model of type 2 diabetes. J. Orthop. Res. 2015, 33, 738-746.
[CrossRef]

Berenbaum, F. Diabetes-induced osteoarthritis: From a new paradigm to a new phenotype. Ann. Rheum. Dis.
2011, 70, 1354-1356. [CrossRef]


http://dx.doi.org/10.1016/j.medcli.2018.05.011
http://dx.doi.org/10.3390/ijerph17061982
http://dx.doi.org/10.1186/s12916-019-1373-y
http://dx.doi.org/10.1155/2019/6324348
http://dx.doi.org/10.1371/journal.pone.0212030
http://dx.doi.org/10.3233/BMR-171086
http://www.ncbi.nlm.nih.gov/pubmed/30248032
http://dx.doi.org/10.1007/s00586-017-5432-9
http://www.ncbi.nlm.nih.gov/pubmed/29480409
http://dx.doi.org/10.3109/13814788.2014.887674
http://www.ncbi.nlm.nih.gov/pubmed/24645789
http://dx.doi.org/10.2337/dc05-2228
http://www.ncbi.nlm.nih.gov/pubmed/16801572
http://dx.doi.org/10.2337/diacare.28.1.65
http://dx.doi.org/10.1016/j.diabres.2011.12.022
http://dx.doi.org/10.2147/JPR.S158877
http://dx.doi.org/10.1136/adc.87.6.543
http://www.ncbi.nlm.nih.gov/pubmed/12456563
http://dx.doi.org/10.1016/j.jpain.2014.08.002
https://www.ine.es/en/metodologia/t15/t153041917_en.pdf
https://www.ine.es/metodologia/t15/ense_adu17.pdf
https://www.mscbs.gob.es/estadisticas/microdatos.do
http://dx.doi.org/10.1002/jor.22807
http://dx.doi.org/10.1136/ard.2010.146399

J. Clin. Med. 2020, 9, 2867 12 0f13

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Rinaldo, L.; McCutcheon, B.A.; Gilder, H.; Kerezoudis, P.; Murphy, M.; Maloney, P.; Hassoon, A.; Bydon, M.
Diabetes and Back Pain: Markers of Diabetes Disease Progression Are Associated With Chronic Back Pain.
Clin. Diabetes 2017, 35, 126-131. [CrossRef]

Cichosz, S.L.; Fleischer, ].; Hoeyem, P,; Laugesen, E.; Poulsen, P.L.; Christiansen, ].S.; Ejskjeer, N.; Hansen, T.K.
Objective measurements of activity patterns in people with newly diagnosed Type 2 diabetes demonstrate a
sedentary lifestyle. Diabet. Med. 2013, 30, 1063-1066. [CrossRef]

Canadian Diabetes Association Clinical Practice Guidelines Expert Committee; Sigal, R.J.; Armstrong, M.J.;
Colby, P; Kenny, G.P; Plotnikoff, R.C.; Reichert, S.M.; Riddell, M.C. Physical activity and diabetes.
Can. J. Diabetes 2013, 37, S40-S44. [CrossRef]

Dario, A.; Ferreira, M.; Refshauge, K.; Harmer, A.; Sanchez-Romera, J.; Pérez-Riquelme, F.; Cisneros, L.;
Ordonana, J.; Ferrreira, P. Mapping the association between back pain and type 2 diabetes: A cross-sectional
and longitudinal study of adult Spanish twins. PLoS ONE 2017, 12, e0174757. [CrossRef]

Williams, A.; Kamper, S.J.; Wiggers, J.H.; O’Brien, K.M.; Lee, H.; Wolfenden, L.; Lin Yoong, S.; Robson, E.;
Mcauley, J.H.; Hartvigsen, ].; et al. Musculoskeletal conditions may increase the risk of chronic disease:
A systematic review and meta-analysis of cohort studies. BMC Med. 2018, 16, 167. [CrossRef] [PubMed]
Heuch, I; Heuch, I.; Hagen, K.; Sergjerd, E.P.; Asvold, B.O.; Zwart, J.A. Does diabetes influence the probability
of experiencing chronic low back pain? A population-based cohort study: The Nord-Trendelag Health Study.
BM] Open 2019, 9, e031692. [CrossRef]

Pico-Espinosa, O.].; Skillgate, E.; Tettamanti, G.; Lager, A.; Holm, L.W. Diabetes mellitus and hyperlipidaemia
as risk factors for frequent pain in the back, neck and/or shoulders/arms among adults in Stockholm 2006 to
2010—Results from the Stockholm Public Health Cohort. Scand. J. Pain 2017, 15, 1-7. [CrossRef] [PubMed]
Rota, E.; Morelli, N. Entrapment neuropathies in diabetes mellitus. World ]. Diabetes 2016, 7, 342-353.
[CrossRef]

Balci, K.; Utku, U. Carpal tunnel syndrome and metabolic syndrome. Acta Neurol. Scand. 2007, 116, 113e7.
[CrossRef]

Hassoon, A.; Bydon, M.; Kerezoudis, P.; Maloney, P.R.; Rinaldo, L.; Yeh, H.C. Chronic low-back pain in adult
with diabetes: NHANES 2009-2010. J. Diabetes Complic. 2017, 31, 38—42. [CrossRef]

Mills, S.E.E.; Nicolson, K.P.; Smith, B.H. Chronic pain: A review of its epidemiology and associated factors in
population-based studies. Br. |. Anaesth. 2019, 123, e273—€283. [CrossRef]

Jensen, TM.; Eriksen, S.B.M.; Larsen, J.S.; Aadahl, M.; Rasmussen, S.S.; Olesen, L.B.; Rehling, T.; Molsted, S.
Exercise training is associated with reduced pains from the musculoskeletal system in patients with type 2
diabetes. Diabetes Res. Clin. Pract. 2019, 154, 124-129. [CrossRef]

Schlesinger, S.; Neuenschwander, M.; Ballon, A.; Nothlings, U.; Barbaresko, J. Adherence to healthy lifestyles
and incidence of diabetes and mortality among individuals with diabetes: A systematic review and
meta-analysis of prospective studies. J. Epidemiol. Community Health 2020, 74, 481-487. [CrossRef]

Polaski, A.M.; Phelps, A.L.; Kostek, M.C.; Szucs, K.A.; Kolber, B.J. Exercise-induced hypoalgesia: A
meta-analysis of exercise dosing for the treatment of chronic pain. PLoS ONE 2019, 14, e0210418. [CrossRef]
Melchior, M.; Poisbeau, P.; Gaumond, I.; Marchand, S. Insights into the mechanisms and the emergence of
sex-differences in pain. Neuroscience 2016, 338, 63-80. [CrossRef]

Boerner, K.E.; Chambers, C.T.; Gahagan, ].; Keogh, E.; Fillingim, R.B.; Mogil, ].S. Conceptual complexity of
gender and its relevance to pain. Pain 2018, 159, 2137-2141. [CrossRef]

Hartvigsen, J.; Hancock, M.].; Kongsted, A.; Louw, Q.; Ferreira, M.L.; Genevay, S.; Hoy, D.; Karppinen, PJ.;
Pransky, G.; Sieper, PJ.; et al. What low back pain is and why we need to pay attention. Lancet 2018,
391, 2356-2367. [CrossRef]

Palacios-Cefia, D.; Alonso-Blanco, C.; Hernandez-Barrera, V.; Carrasco-Garrido, P.; Jiménez-Garcia, R.;
Fernandez-de-las-Pefias, C. Prevalence of neck and low back pain in community-dwelling adults in Spain:
An updated population-based national study (2009/10-2011/12). Eur. Spine J. 2015, 24, 482-492. [CrossRef]
Heuch, I; Heuch, I.; Hagen, K.; Zwart, J.A. Is there a U-shaped relationship between physical activity in
leisure time and risk of chronic low back pain? A follow-up in the HUNT Study. BMC Public Health 2016,
16, 306. [CrossRef]


http://dx.doi.org/10.2337/cd16-0011
http://dx.doi.org/10.1111/dme.12199
http://dx.doi.org/10.1016/j.jcjd.2013.01.018
http://dx.doi.org/10.1371/journal.pone.0174757
http://dx.doi.org/10.1186/s12916-018-1151-2
http://www.ncbi.nlm.nih.gov/pubmed/30249247
http://dx.doi.org/10.1136/bmjopen-2019-031692
http://dx.doi.org/10.1016/j.sjpain.2016.11.005
http://www.ncbi.nlm.nih.gov/pubmed/28850330
http://dx.doi.org/10.4239/wjd.v7.i17.342
http://dx.doi.org/10.1111/j.1600-0404.2007.00797.x
http://dx.doi.org/10.1016/j.jdiacomp.2016.10.025
http://dx.doi.org/10.1016/j.bja.2019.03.023
http://dx.doi.org/10.1016/j.diabres.2019.07.003
http://dx.doi.org/10.1136/jech-2019-213415
http://dx.doi.org/10.1371/journal.pone.0210418
http://dx.doi.org/10.1016/j.neuroscience.2016.05.007
http://dx.doi.org/10.1097/j.pain.0000000000001275
http://dx.doi.org/10.1016/S0140-6736(18)30480-X
http://dx.doi.org/10.1007/s00586-014-3567-5
http://dx.doi.org/10.1186/s12889-016-2970-8

J. Clin. Med. 2020, 9, 2867 13 0f 13

46.

47.

48.

49.

50.

51.

Noormohammadpour, P.; Mansournia, M.A.; Koohpayehzadeh, J.; Asgari, F; Rostami, M.; Rafei, A,;
Kordi, R. Prevalence of Chronic Neck Pain, Low Back Pain, and Knee Pain and Their Related Factors in
Community-Dwelling Adults in Iran: A Population-based National Study. Clin. J. Pain 2017, 33, 181-187.
[CrossRef]

Alamam, D.M.; Moloney, N.; Leaver, A.; Alsobayel, FH.I.; Mackey, M.G. Multidimensional prognostic factors
for chronic low back pain-related disability: A longitudinal study in a Saudi population. Spine J. 2019,
19, 1548-1558. [CrossRef]

Shahidi, B.; Curran-Everett, D.; Maluf, K.S. Psychosocial, Physical, and Neurophysiological Risk Factors for
Chronic Neck Pain: A Prospective Inception Cohort Study. J. Pain 2015, 16, 1288-1299. [CrossRef]
Hogg-Johnson, S.; van der Velde, G.; Carroll, L.J.; Holm, L.W.; Cassidy, ].D.; Guzman, J.; Cété, P.; Haldeman, S.;
Ammendolia, C.; Carragee, E.; et al. The burden and determinants of neck pain in the general population:
Results of the Bone and Joint Decade 2000-2010 Task Force on Neck Pain and Its Associated Disorders.
Eur. Spine J. 2008, 17, S39-S51. [CrossRef]

Huerta, ]. M.; Tormo, M.].; Egea-Caparrs, ].M.; Ortol-Devesa, ].B.; Navarro, C. Accuracy of self-reported
diabetes, hypertension and hyperlipidemia in the adult Spanish population. DINO study findings.
Rev. Esp. Cardiol. 2009, 62, 143-152. [CrossRef]

International Physical Activity Questionnaire (IPAQ). Consensus Group of Experts on Physical Activity.
1998. Available online: http://www.sdp.univ.fvg.it/sites/default/files/IPAQ_English_self-admin_short.pdf
(accessed on 23 August 2020).

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1097/AJP.0000000000000396
http://dx.doi.org/10.1016/j.spinee.2019.05.010
http://dx.doi.org/10.1016/j.jpain.2015.09.002
http://dx.doi.org/10.1007/s00586-008-0624-y
http://dx.doi.org/10.1016/S0300-8932(09)70156-3
http://www.sdp.univ.fvg.it/sites/default/files/IPAQ_English_self-admin_short.pdf
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Design, Setting and Participants 
	Main Outcomes Measures 
	Matched Case Control Design 
	Statistical Analysis 
	Ethical Aspects 

	Results 
	Discussion 
	Conclusions 
	References

