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Aims: To assess the association of diagnosed musculoskeletal (MS) pain (low back, neck, shoulder, and knee pain;
and the number of pain sites) with the achievement of targets for glycosylated haemoglobin Alc (HbAlc), low-
density-lipoprotein cholesterol (LDL), and systolic blood pressure (SBP) among primary care patients with type 2
diabetes (T2D).

Methods: The cross-sectional study population consisted of 3478 patients with a registry-based T2D diagnosis and
available registry-based data on MS pain diagnoses, covariates, and outcomes between 2016 and 2019. Logistic
regression analysis was used to evaluate the study aims.

Results: Overall, 22% had at least one of the four types of MS pain, and 73%, 57%, and 51% achieved the
treatment targets of HbAlc, LDL, and SBP, respectively. T2D patients with or without MS pain did not differ in
their achievement of T2D treatment goals. Of pain locations, low back pain was associated with higher rates of
achievement of the LDL target (OR 1.29, 95% CI 1.01-1.65), but the association was attenuated in the adjusted
model.

Conclusions: MS pain was relatively prevalent among primary care patients with T2D, but did not influence the
achievement of T2D treatment goals.

1. Introduction of these outcomes globally [15]. Even though earlier studies have rec-

ognised a pattern of factors affecting the T2D treatment goal achieve-

Type 2 diabetes (T2D) is a prevalent condition causing a significant
cost and disability burden for those affected, and for societies worldwide
[1,2]. It appears to co-exist with other long-term diseases [3-6] and
show high prevalence, especially among those of working age and older
adults [7]. T2D is known to be driven by both genetic and environ-
mental/behavioural factors including unhealthy behaviours, such as
physical inactivity and obesity [8,9].

Achieving treatment goals for glycosylated haemoglobin Alc
(HbAlc), low-density-lipoprotein cholesterol (LDL), and systolic blood
pressure (SBP) is considered an important dimension in the T2D care in
order to decrease T2D-related complications and mortality [10-14].
Worryingly, only under half of the T2D patients record sufficient levels

ment (e.g. sex [16], age [16], duration of T2D [17] and patient-related
factors such as self-care behaviours [17]), it seems that we are still
lacking adequate knowledge on the field to understand this complex
phenomenon comprehensively and to treat patients sufficiently enough.
More productive prevention of undesirable complications would
potentially be achieved by identifying the determinants accounting for
insufficient treatment of T2D.

Musculoskeletal (MS) pain is among the most common co-existing
diseases among patients with T2D [3-6] and significantly associated
with T2D [18-21]. MS pain has been shown to have a negative influence
on activity limitations and on the odds of disability [22,23], and be
negatively associated with self-care behaviours, such as physical activity
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levels [24] and medication adherence [25]. Moreover, people with MS
pain often report psychological problems [26], which are also suggested
to be associated with T2D treatment [27]. On a speculative view, it
could be hypothesised that MS pain would influence people’s ability to
meet the T2D treatment goals. To the best of our knowledge, however,
no study has specifically investigated this.

The aim of this registry-based cross-sectional real-world study was to
explore the potential associations between MS pain (low back, neck,
shoulder, and knee pain; and the number of pain sites) and achievement
of treatment goals for HbAlc, LDL, and SBP among a sample of primary
care patients with registry-based T2D diagnosis between 2016 and 2019.

2. Methods
2.1. Study population and design

This study was part of the Rovaniemi T2D Study, which is a registry-
based, real-world study conducted among primary care patients with
T2D in the Rovaniemi Health Centre (the largest health centre in Lap-
land, Finland). During the data collection period (between 21st Feb
2016 and 20th Feb 2019), 3478 patients with T2D diagnosis were
included (codes E11.1-11.9 according to the 10th revision of the World
Health Organization’s International Classification of Disease [ICD-10]).
Data on ICD-10-based MS pain diagnoses, prescription of pain medica-
tions, potential confounders (except multimorbidity), and outcome
variables were also gathered over the three-year interval from patient
records of Rovaniemi’s health centre. All 3478 patients had information
on MS pain; HbAlc, LDL, and SBP data were available for 3408, 3346,
and 1953 participants, respectively.

The study protocol was approved by the Ethics Committee of Lapland
Central Hospital (05/2018). As all patient information analysed was
assessed from patient records, no consent to use the participants’ data
was necessary according to contemporary Finnish legislation. Confi-
dential data were stored at the Rovaniemi Health Centre and handled by
replacing personal information with ID codes.

2.2. Musculoskeletal pain

Diseases considered to cause local pain in the low back, neck,
shoulder, and knee anatomical areas were selected using ICD-10 clas-
sification. The codes used to identify each type of MS pain are presented
in Table 1. Selection of ICD-10 codes for low back and neck pain was
based on the potential non-specific characteristics of pain, while knee
and shoulder pain groups included codes for pain originating from
specific and non-specific reasons (for example, unspecified internal
derangement of knee [M23.9] and osteoarthritis [M17]). All pain loca-
tions were analysed both separately and as dichotomised variables (any
pain vs. no pain). Additionally, the number of MS pain locations (1, 2, 3,
4) was compared to those participants who were not diagnosed with any
MS pain.

2.3. Clinical and biochemical outcomes

Achievement of the HbAlc, SBP, and LDL treatment targets were
considered the outcomes of the current study. The latest values of each
measurement at the time of recruitment were collected from the patient

Table 1
10th revision of the International Classification of Diseases (ICD-10) codes
used to identify musculoskeletal (MS) pains.

MS pain ICD-10

Low back pain M47.82; M51; M53.3; M54.4; M54.5

Neck pain M47.8; M50; M53.0; M53.1; M54.2
Shoulder pain M75
Knee pain M17; M22; M23
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records within the three-year interval and the targets for these variables,
and were defined according to national guidelines as follows: HbAlc <
53 mmol/mol, SBP < 135 mmHg, and LDL < 2.5 mmol/L [28]. Partic-
ipants had their BP measured twice a day, twice in each session, for four
consecutive days [29], and then the means of all measurements were
calculated. If home-monitored values were not available, measurements
performed during T2D consultations were used. Because of
home-monitored values, the SBP goal was determined as < 135 mmHg
[30]. All outcome variables were handled as dichotomous variables, and
those who did not achieve the treatment target were considered the
reference group.

2.4. Confounding and demographic factors

The variables used as potential confounders included age, sex, body
mass index (BMI), haemoglobin (Hb), prescription of medications
(antihyperglycemic, antihypertensive, lipid lowering medication, and
oral glucocorticoids), multimorbidity, defined as the presence of one or
more diseases in addition to T2D (except MS pain), and health care
utilisation. We collected data from patients’ records on the prescribed
pain medications to study their prescription rate and on the estimated
glomerular filtration rate (eGFR) to characterise patients’ renal function
in the study sample.

Age and the latest Hb values were treated as continuous variables.
Data on other chronic diseases were collected between 2011 and 2019.
Of ICD-10-based chronic diseases, diseases of which pathophysiology
are related to T2D (hypertension, hyperlipidemia, atrial fibrillation,
heart failure, obesity, chronic kidney disease, and cardiovascular dis-
eases) and those non-T2D-related diseases whose prevalence rate was
5% or over in the present study population (cancer, asthma/chronic
obstructive pulmonary disease, hyperplasia of prostate, hypothyroidism,
dementia/Alzheimer’s disease, depression, and sleep disorders), were
selected, as presented in our previous study [6]. In this study, we also
included alcohol-related disorders in the latter category to evaluate
alcohol as a potential covariate. Then, multimorbidity was grouped as:
concordant (T2D-related), discordant (non-T2D-related), concordant
and discordant, and no multimorbidity, as T2D-related and
non-T2D-related diseases are differently associated with meeting the
T2D treatment targets [6]. Weight and height were either based on
self-reports or measured performed during T2D consultation visits and
were converted into BMI (kg/m?). The following BMI categories were
then created: underweight/normal weight (< 25.0), overweight
(25.0-29.9), obese (30.0 or over), and unknown. Medications were
grouped according to a generally accepted classification system: the
anatomical therapeutic chemical (ATC) classification.

A registry-based evaluation of medication use has been shown to be a
good tool compared to a survey-based approach [31]. Anti-
hyperglycemic medication included oral diabetes medications (ATC
code A10B) and insulins (A10A), and antihypertensive medication
included angiotensin-converting enzyme inhibitors (ATC code C09A),
angiotensin receptor blockers (C09C), beta blockers (CO7AB), calcium
blockers (CO8CA), and diuretics (C03). Statins (ATC code C10AA) and
ezetimibe (C10AX) comprised lipid lowering medication. Oral gluco-
corticoid medication was based on ATC codes (HO2AB and HO02B). The
latest national guideline of pain [32] guided the inclusion of the
following pain medicines: non-steroidal anti-inflammatory medicines
(NSAIDs; M01A), paracetamol (NO2BE01, NO2BE51), neuropathic pain
medicines (gabapentin NO3AX12, pregabalin NO3AX16, amitriptyline
NO6AA09, nortriptyline NO6AA10, venlafaxine NO6AX16, duloxetine
NO06AX21), and opioids (NO2A). Medication groups were analysed as
dichotomised variables, yes vs. no, and all but pain medications were
used as covariates in the analysis of a corresponding T2D treatment goal.
Health care utilisation covered all contacts, except emergency depart-
ment contacts, to the primary health centre during the three-year
interval.

In Rovaniemi, all patients with T2D who are treated at the health
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Table 2
Characteristics and musculoskeletal (MS) pain prevalence.

centre are regularly called for planned T2D consultations at maximum
intervals of one and a half years; therefore, the contacts were divided

into ‘planned T2D consultations’, ‘not planned primary care physician

All (n=  Patients Patients P value
visits’, and ‘other contacts’. ‘Not planned primary care physician visits’ 3478) with MS without MS  (patients with
consisted of all but planned T2D consultations and ‘other contacts’ of pain (n = pain (n = MS pain vs.
physician services other than visits, i.e., consultations with a nurse, or a 753) 2725) pa{;ent:)

withou
letter or telephone call to the patient. eGFR was reported as ml/min/
1.73 m?, and regarded as a continuous variable. Sex, male, % (n) 55 43 (326) 58(1573)  <0.001

(1899)

. Age, mean (SD) 70.0 70.9 (11.5)  69.8(11.8)  0.032
2.5. Statistical analyses aLy
HbA1lc, mmol/mol, 48.5 47.7 (10.9) 48.7(12.8)  0.036
Means and standard deviations (SD) or proportions were calculated mean (SD)/N (12.4)/ /748 / 2660
. . o 3408
a1:1d presented for each v.arlable. The stgtlstlcal :ﬂgmﬁcance of the mea}n LDL, mmol/1, mean 550 251(1.02) 252(L01)  0.686
differences and proportions of categorical variables between MS pain (SD)/N a0/ /742 /2604
groups were estimated by a Mann-Whitney U test and a chi square test, 3346
respectively. A p value < 0.05 was regarded as statistically significant. SBP, mmHg, mean 136 137 (18.0) 136 (186)  0.337
Logistic regression analyses, unadjusted and adjusted for age, sex, BMI, (SDV/N 511?9';; /442 /1511
Hb, 'prescrlptlon of medications, multlrporbldlty, ..'mc'i healthcare uti- BMI, mean (SD)/N 20.9 31.2(5.94) 29.5(5.62)  <0.001
lisation, were used to explore cross-sectional associations between MS 574/ /518 /1687
pain and achievement of treatment goals of T2D. Odds ratios (ORs) and 2205
95% confidence intervals (CIs) characterise the statistical significances Underweight/normal 14 10(72) 15 (414) <0.001
i [}
and strengths of these potential associations. As attaining T2D treatment weight, % (n) (486)
. . Overweight, % (n) 24 26 (192) 24 (647) <0.001
targets relates to age, sex, and obesity [16,33], we also studied the po- (839)
tential modifying role of these factors in the association between MS Obese, % (1) 25 34 (254) 23 (626) <0.001
pain and achievement of T2D treatment goals by adding corresponding (880)
interaction terms (e.g. MS pain*sex) to the unadjusted logistic models. Unknown, % (n) ?17273) 31(235) 38 (1038) <0.001
For t.he moderatllng anaI.ySE, BMI was dichotomised as non—obe51t.y a.md Hb, mean (SD)/N 140 130(157) 140 17.1)  0.021
obesity, and patients without data on BMI were excluded. Statistical 16.8)/ /753 / 2687
analyses were performed using IBM SPSS Statistics for Macintosh, 3440
Version 24.0. Armonk, NY: IBM Corp. IBM Corp. Released, 2016. eGFR, mean (SD)/N 79.6 79.1(194)  79.7(19.3)  0.415
(19.3)/ /681 / 2406
1 3087
3. Results Proportion of achieving
target in
3.1. Sample demographics HbA1lc, mmol/mol, % 73 76 (568) 72 (1927) 0.063
() (2495)
0,
In the present primary care sample of 3478 patients with T2D, the LDL, mmol/1, % (n) >7 59 (440) 57 (1471) 0-186
.. (1911)
mean age was 70.0 years (SD: 11.7), 55% of the participants were men SBP, mmHg, % (n) 51 48 (214) 52 (778) 0.279
(Table 2), and 22% of the participants were diagnosed with MS pain. (992)
These participants were slightly older (mean 70.9 [SD: 11.5] vs. mean Prescription of
69.8 [SD: 11.8], p = 0.032, respectively) and their mean BMI was Antihyperglycemic 97 98 (737) 97 (2630) 0.078
ignificantly higher than those without MS pain (31.2 [5.94] vs. 29.5 medication, % () (3367)
significantly higher than those withou pain (31. .94] vs. 29. Lipid lowering 74 76 (572) 73 (1994) 0.135
[5.62], p < 0.001, respectively). Knee and low back pain were the most medication, % (n) (2566)
frequently diagnosed MS pains (9% for all patients and 44% and 39% Antihypertensive 86 89 (672) 86 (2331) 0.011
among patients with MS pain, respectively). Patients with MS pain were medication, % (n) (3003)
, . . . . Oral glucocorticoids, % 12 14 (107) 11 (303) 0.024
prescribed slightly more pravastatin, atorvastatin, and rosuvastatin than @ 410)
patients without MS pain (SllpplCHlCllt 1; p< 0.05) but did not differ NSAIDs, % (1) 28 50 (373) 22 (599) <0.001
from patients without MS pain in regard to the prevalence of T2D- (972)
related complications (E11.1-E11.8 ICD-10 codes; p > 0.05; data not Paracetamol, % (n) 50 74 (555) 44 (1194) <0.001
shown) (1749)
’ . . N thic, % 16 30 (227 12 (321 0.001
A total of 73% of the total study population had achieved the HbAlc europathic, % (n) (548) @227) @2 =
target, 57% the LDL target, and 51% the SBP target. Similar prevalence Opioids, % (n) 28 47 (352) 22 (603) <0.001
rates were recorded among patients with and without MS pain, and (955)
these groups did not differ from each other according to the achievement Health care utilisation
of the treatment goals (p > 0.05 for all) Planned T2D 4.25 4.60 (3.40) 4.16(3.24)  0.002
& p : : consultations, mean (3.28) / /753 / 2705
(SD)/N 3458
3.2. MS pain and meeting the guideline-recommended treatment targets Not planned primary 2.92 5.80 (4.42) 2.12(2.35)  <0.001
care physician visits, (3.30) / /753 / 2705
Table 3 presents the associations between MS pain and achievement mean (SD)/N 3458
. ) . Other contacts, mean 8.75 11.4 (8.80) 8.02 (8.29) <0.001
of guideline-recommended treatment targets of T2D. Low back pain was (SD)/N ®51)/ /753 /2705
significantly associated with higher rates of attainment of the LDL target 3458
(OR 1.29, CI 1.01-1.65), but in the fully adjusted model (age, sex, BMI, Concordant disease(s), 29 1(6) 37 (1017) <0.001
Hb, prescription of lipid lowering medication, multimorbidity, and D_% (nj . %023) 1 (15 o 13 0.001
healthcare utilisation), the association lost its significance (OR 1.22, CI 1:; (Z;)am isease(s), (338) az5 @13 <0
0.94-1.60). There were no significant associations between the presence 82 (620) 40 (1102) <0.001

of MS pain, neck, shoulder, or knee pain, or the number of MS pain sites
and goal achievement in unadjusted analyses; therefore, further
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Table 2 (continued)

All (n=  Patients Patients P value
3478) with MS without MS (patients with
pain (n = pain (n = MS pain vs.
753) 2725) patients
without)
Concordant and 50
discordant diseases (1722)

No multimorbidity 11 0(2) 14 (393) <0.001
(395)

Low back pain, % (n) 9 (297) 39 (297)

Neck pain, % (n) 1(51) 7 (51)

Shoulder pain, % (n) 5(185) 25 (185)

Knee pain, % (n) 9 (330) 44 (330)

Number of MS pains, %

(n)

0 78 0
(2725)

1 19 86 (650)
(650)

2 3 (96) 13 (96)

3 0(7) 1™

4 0(0) 0 (0)

SD = standard deviation;HbAlc=glycosylated haemoglobin Alc; LDL = low-
density-lipoprotein cholesterol; SBP = systolic blood pressure; BMI = body mass
index; Hb = haemoglobin; eGFR = estimated glomerular filtration rate; NSAID
= non-steroidal anti-inflammatory medicine; T2D = type 2 diabetes
Statistically significant p values are bolded.

Table 3
Associations of MS pains with the achievement of treatment goals, odds ratios
and their 95% confidence intervals.

Unadjusted Adjusted”
HbAlc LDL SBP LDL
MS pain
Yes 1.20 1.12 0.88
(1.00-1.45) (0.95-1.32) (0.72-1.09)
No 1 1 1
Low back pain
Yes 1.02 1.29 1.03 1.22
(0.78-1.34) (1.01-1.65) (0.75-1.40) (0.94-1.60)
No 1 1 1 1
Neck pain
Yes 1.32 0.78 0.97
(0.70-2.73) (0.44-1.36) (0.48-1.97)
No 1 1 1
Shoulder pain
Yes 1.29 1.21 0.85
(0.91-1.86) (0.89-1.64) (0.57-1.27)
No 1 1 1
Knee pain
Yes 1.23 0.87 0.88
(0.94-1.62) (0.69-1.10) (0.65-1.19)
No 1 1 1
Number of pains
One 1.20 1.16 0.85
(0.99-1.47) (0.98-1.39) (0.68-1.07)
Two 1.12 0.97 1.15
(0.71-1.83) (0.64-1.47) (0.65-2.03)
Three 2.04 0.32 0.94
(0.34-5.29) (0.04-1.57) (0.10-9.07)
No MS pain 1 1 1

MS = musculoskeletal; HbAlc = glycosylated haemoglobin Alc; LDL = low-
density-lipoprotein cholesterol; SBP = systolic blood pressure
Statistically significant values are shown in bold.
Having not achieved the treatment target was used as a reference.

# Adjustors: age, sex, body mass index, haemoglobin, prescription of lipid
lowering medication, multimorbidity, and healthcare utilisation

adjustments were not performed. To further investigate the role of MS
pain in goal achievement, we conducted a subanalysis of patients with
MS pain who had been prescribed opioids or neuropathic pain
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medications and compared them to subjects without pain and pre-
scriptions of these medications. The associations with meeting the T2D
treatment targets were nonsignificant (data not shown).

The interaction terms including sex and age were nonsignificant
(data not shown). Considering obesity, the interaction term MS pai-
n*obesity was statistically significant only in the model using achieve-
ment of the LDL target as the outcome. However, after stratification by
obesity status (obesity vs. no obesity) and after adjustments, the ORs
attenuated to nonsignificant level (data not shown).

4. Discussion
4.1. Main findings

In the present study, we examined the association of MS pain with
meeting the treatment goals of HbAlc, LDL, and SBP among 3478 pri-
mary care patients with T2D using registered data. A total of 22% of the
participants (with a mean age of 70 years) with T2D were diagnosed
with MS pain. Both patient groups—with and without MS pain—equally
met the estimated treatment targets. Only achievement of the LDL goal
was related to low back pain in the unadjusted but not in the adjusted
model.

4.2. Prevalence of MS pain among patients with T2D

In a Spanish study [34], chronic neck pain and low back pain diag-
nosed by a medical doctor were found to occur among 32% and 38% of
participants over 70 years of age with diabetes, respectively. A Canadian
study evaluated knee osteoarthritis among diabetic patients with a
median age of 68 years and reported that one-fifth of the subjects had
osteoarthritis [35]. These reports are relatively in line with our obser-
vation that one-fifth of T2D patients had MS pain, although we found
markedly lower rates of specific pain sites, e.g., low back pain, in the
present study sample of primary care patients. Different settings and
populations complicate straightforward prevalence comparisons, but
our findings support the current knowledge suggesting that a significant
part of T2D patients are affected by MS pain.

MS pain is known to be of a subsequent high level in the elderly
general population, which may partly account for this finding. On the
other hand, several studies comparing groups with and without diabetes
have established that MS pains are more frequent among diabetic pa-
tients (e.g., [19,34]). One potential explanation for the co-existence may
also be that congruent factors predispose for both diseases. For instance,
being overweight is a well-known risk factor for T2D [36], and inflam-
matory processes occurring in diabetes may also contribute to MS pain
[37]. Engagement in leisure-time physical activity, in turn, has been
suggested to protect against lower back pain [38] and T2D [39]. Our
results suggest that patients with T2D who also had MS pain were
slightly more likely to receive a prescription for pravastatin, atorvasta-
tin, and rosuvastatin. These drugs have been associated with MS pain
adverse events and might partially explain our results. In this dataset, no
differences were observed in the T2D-complication prevalence (data not
shown), thus, T2D-related neuropathy is not likely to explain the pres-
ence of MS pain.

4.3. Achievement of T2D treatment targets

In the current study, 73% of patients with T2D achieved the HbAc1l
target, 57% achieved the LDL target, and 51% achieved the SBP target. A
meta-analysis by Khunti et al. [15] evaluated 24 studies from 20 coun-
tries around the world and reported lower figures in each of the clinical
and biochemical values (43%, 49%, and 29%, respectively). In turn,
corresponding figures among primary care T2D patients were recorded
in a large Scandinavian study, with approximately 34-53% achieving
the HbAlc (< 53 mol/mmol) target, 46-70% the LDL target (< 2.5
mmol/L) and 29-40% the BP goal defined under 130/80 mmHg [40]. In
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Rovaniemi, all patients with T2D who are treated in primary health
centres are followed up regularly by healthcare professionals, and
therefore patients are likely to be exposed to regular assistance for
self-care that may have favourable effects on T2D treatment balance
[41], explaining at least a part of the outperforming.

MS pain in any of the studied forms was not relevant in meeting the
T2D treatment targets of interest in a real-world setting after adjust-
ments. Patients with low back pain were more likely to meet the LDL
target before adjustments, but the relationship attenuated nonsignifi-
cant when a number of covariates were included in the model. This
indicates that having achieved the LDL target is more influenced by
other factors than low back pain itself. In their studies, Hoff et al., [19]
and Molsted et al. [42] observed no relationship between MS pain and
HbAlc levels, even when pain-related bothersomeness was evaluated
[42]. Similarly, Real et al. [43] yielded corresponding results among
Americans, yet in a subanalysis of normal-weight diabetic patients, the
prevalence of low back pain was found to increase along with HbAlc
levels. Although not exactly exploring meeting HbAlc targets as an
outcome, being limited to estimates of HbAlc and not using primary
care patients as a study population, the literature supports our findings.
To our knowledge, there are no previous studies on low back pain and
achievement of the LDL target.

In the present study, the levels of prescribed antihyperglycaemia,
antihypertensive, and lipid lowering medication were similar among
both patient groups, which may explain at least some of the results.
Furthermore, a part of the nonsignificant associations may be related to
the fact that patients with MS pain participated in T2D consultations
more often than others (potentially due to higher level of other long-
term diseases), and therefore might be given more assistance for self-
care e.g. related to exercise and dietary behaviour and smoking. On
the other hand, we found no statistically significant moderating effect of
obesity on the adjusted association between MS pain and the achieve-
ment of T2D treatment targets. Clearly, further studies on the field are
warranted.

4.4. Strength and limitations

A real-world setting with registry-based data on a large primary care
study population of patients with T2D constitutes the main strength of
the current study. Furthermore, to the best of our knowledge, the pre-
sent study is the first to examine the associations between MS pain and a
variety of clinical and biochemical markers describing the adequate T2D
treatment balance among primary care patients. However, there are also
some limitations to be noted. First, all patients’ diagnoses may not be
properly recorded in patient registers, which may have caused some
underdiagnosis of MS pain. On the other hand, our results on MS pain
prevalence are not overestimated. Second, since MS pain data relied on
diagnoses collected across a three-year span, the duration of pain and
the level of pain disability were not known. Moreover, we were not able
to distinguish the exact aetiology of MS pain, which can be seen as a
limitation. However, MS pain leading to healthcare centre visits is
usually unpleasant and severe (e.g., [44]). Third, we had lifestyle data
only on BMI and diagnosed alcohol disorders due to the registered data,
and there were some missing data related to the real-world study setting.
Fourth, the working age population may be underrepresented, as they
may be treated at occupational healthcare services, for which we do not
have information available. Fifth, we had no data on the duration of
T2D. Finally, due to the cross-sectional design, some patients may have
been recorded the outcome measure before the exposure (MS pain
diagnosis) and cause-and-effect conclusions cannot be drawn.

5. Conclusions
MS pain is a typical co-existing symptom among patients with T2D,

with most patients suffering from knee pain or lower back pain. Despite
the major disability burden commonly related to MS pain, it appears that
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MS pain has no relevant role in elderly primary care patients with T2D
achieving their treatment targets. Consequently, focus should be tar-
geted towards factors other than MS pain to maintain sufficient treat-
ment levels among elderly T2D populations. Whether corresponding
negative findings also exist among working-aged populations is an
important issue to be addressed in the future.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Declaration of Competing Interest

The authors have no conflict of interest to declare.
Acknowledgements

None.
Appendix A. Supporting information

Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.pcd.2022.04.006.

References

[1] C.R. Finley, D.S. Chan, S. Garrison, et al., What are the most common conditions in
primary care? Systematic review, Can. Fam. Physician 64 (11) (2018) 832-840.
GBD 2019 Diseases and Injuries Collaborators, Global burden of 369 diseases and
injuries in 204 countries and territories, 1990-2019: A systematic analysis for the
Global Burden of Disease Study 2019, Lancet. 396 (10258) (2020) 1204-1222,
https://doi.org/10.1016/50140-6736(20)30925-9.

P.-J. Lin, D.M. Kent, A.N. Winn, et al., Multiple chronic conditions in type 2
diabetes mellitus: prevalence and consequences, Am. J. Manag. Care 21 (1) (2015)
e23-e34.

E.M. Magnan, M. Palta, H.M. Johnson, et al., The impact of a patient’s concordant
and discordant chronic conditions on diabetes care quality measures, J. Diabetes
Complicat. 29 (2) (2015) 288-294, https://doi.org/10.1016/j.
jdiacomp.2014.10.003.

L.D. Woodard, T. Urech, C.R. Landrum, et al., Impact of comorbidity type on
measures of quality for diabetes care, Med. Care 49 (6) (2011) 605-610, https://
doi.org/10.1097/MLR.0b013e31820f0ed0.

E. Heikkala, I. Mikkola, J. Jokelainen, et al., Multimorbidity and achievement of
treatment goals among patients with type 2 diabetes: a primary care, real-world
study, BMC Health Serv. Res. 21 (2021) 964, https://doi.org/10.1186/s12913-
021-06989-x.

P. Saeedi, 1. Petersohn, P. Salpea, 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. 157 (2019), 107843, https://doi.org/10.1016/].diabres.2019.107843.

M.C. Venables, A.E. Jeukendrup, Physical inactivity and obesity: links with insulin
resistance and type 2 diabetes mellitus, Diabetes Metab. Res. Rev. 25 (Suppl 1)
(2009) S18-S23, https://doi.org/10.1002/dmrr.983.

Y. Zheng, S.H. Ley, F.B. Hu, Global aetiology and epidemiology of type 2 diabetes
mellitus and its complications, Nat. Rev. Endocrinol. 14 (2) (2018) 88-98, https://
doi.org/10.1038/nrendo.2017.151.

American Diabetes Association, Standards of Medical Care in Diabetes-2019
abridged for primary care providers, Clin. Diabetes 37 (1) (2019) 11-34, https://
doi.org/10.2337/cd18-0105.

J. Wang, Y. Chen, W. Xu, et al., Effects of intensive blood pressure lowering on
mortality and cardiovascular and renal outcomes in type 2 diabetic patients: a
meta-analysis, PLoS One 14 (4) (2019), e0215362, https://doi.org/10.1371/
journal.pone.0215362.

A.H. Heald, M. Stedman, M. Davies, et al., Estimating life years lost to diabetes:
outcomes from analysis of National Diabetes Audit and Office of National Statistics
data, Cardiovasc. Endocrinol. Metab. 9 (4) (2020) 183-185, https://doi.org/
10.1097/XCE.0000000000000210.

M.J. Keng, A. Tsiachristas, J. Leal, et al., Impact of achieving primary care targets
in type 2 diabetes on health outcomes and healthcare costs, Diabetes Obes. Metab.
21 (11) (2019) 2405-2412, https://doi.org/10.1111/dom.13821.

A. Rawshani, A. Rawshani, S. Franzén, et al., Risk factors, mortality, and
cardiovascular outcomes in patients with type 2 diabetes, N. Engl. J. Med. 379 (7)
(2018) 633-644, https://doi.org/10.1056/NEJMoal800256.

K. Khunti, A. Ceriello, X. Cos, C. De Block, Achievement of guideline targets for
blood pressure, lipid, and glycaemic control in type 2 diabetes: a meta-analysis,
Diabetes Res. Clin. Pract. 137 (2018) 137-148, https://doi.org/10.1016/j.
diabres.2017.12.004.

[2]

[3]

[4]

[5]

[6]

[71

(8]

[9

—

[10]

[11]

[12]

[13]

[14]

[15]


https://doi.org/10.1016/j.pcd.2022.04.006
http://refhub.elsevier.com/S1751-9918(22)00084-5/sbref1
http://refhub.elsevier.com/S1751-9918(22)00084-5/sbref1
https://doi.org/10.1016/S0140-6736(20)30925-9
http://refhub.elsevier.com/S1751-9918(22)00084-5/sbref3
http://refhub.elsevier.com/S1751-9918(22)00084-5/sbref3
http://refhub.elsevier.com/S1751-9918(22)00084-5/sbref3
https://doi.org/10.1016/j.jdiacomp.2014.10.003
https://doi.org/10.1016/j.jdiacomp.2014.10.003
https://doi.org/10.1097/MLR.0b013e31820f0ed0
https://doi.org/10.1097/MLR.0b013e31820f0ed0
https://doi.org/10.1186/s12913-021-06989-x
https://doi.org/10.1186/s12913-021-06989-x
https://doi.org/10.1016/j.diabres.2019.107843
https://doi.org/10.1002/dmrr.983
https://doi.org/10.1038/nrendo.2017.151
https://doi.org/10.1038/nrendo.2017.151
https://doi.org/10.2337/cd18-0105
https://doi.org/10.2337/cd18-0105
https://doi.org/10.1371/journal.pone.0215362
https://doi.org/10.1371/journal.pone.0215362
http://refhub.elsevier.com/S1751-9918(22)00084-5/sbref12
http://refhub.elsevier.com/S1751-9918(22)00084-5/sbref12
http://refhub.elsevier.com/S1751-9918(22)00084-5/sbref12
http://refhub.elsevier.com/S1751-9918(22)00084-5/sbref12
https://doi.org/10.1111/dom.13821
https://doi.org/10.1056/NEJMoa1800256
https://doi.org/10.1016/j.diabres.2017.12.004
https://doi.org/10.1016/j.diabres.2017.12.004

E. Heikkala et al.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

N.A. Nazu, J. Lindstrom, P. Rautiainen, et al., Maintenance of good glycaemic
control is challenging—A cohort study of type 2 diabetes patient in North Karelia,
Finland, Int. J. Clin. Pract. 73 (4) (2019), e13313, https://doi.org/10.1111/
ijcp.13313.

K.M. Pantalone, A.D. Misra-Hebert, T.M. Hobbs, et al., The probability of A1C goal
attainment in patients with uncontrolled type 2 diabetes in a large integrated
delivery system: a prediction model, Diabetes Care 43 (8) (2020) 1910-1919,
https://doi.org/10.2337/dc19-0968.

A.P. Carvalho-E-Silva, M.L. Ferreira, P.H. Ferreira, A.R. Harmer, Does type 2
diabetes increase the risk of musculoskeletal pain? Cross-sectional and longitudinal
analyses of UK biobank data, Semin. Arthritis Rheum. 50 (4) (2020) 728-734,
https://doi.org/10.1016/j.semarthrit.2020.05.007.

O.M. Hoff, K. Midthjell, J.A. Zwart, K. Hagen, The association between diabetes
mellitus, glucose, and chronic musculoskeletal complaints. Results from the Nord-
Tre¢ndelag health study, BMC Musculoskelet Disord 9 (2008) 160, https://doi.org/
10.1186/1471-2474-9-160.

K. Louati, C. Vidal, F. Berenbaum, J. Sellam, Association between diabetes mellitus
and osteoarthritis: Systematic literature review and meta-analysis, RMD Open 1 (1)
(2015), e000077, https://doi.org/10.1136/rmdopen-2015-000077.

D. Pozzobon, P.H. Ferreira, A.B. Dario, et al., Is there an association between
diabetes and neck and back pain? A systematic review with meta-analyses, PLoS
One 14 (2) (2019), €0212030, https://doi.org/10.1371/journal.pone.0212030.

J. Ervasti, M. Virtanen, T. Lallukka, et al., Contribution of comorbid conditions to
the association between diabetes and disability pensions: A population-based
nationwide cohort study, Scand. J. Work Environ. Health 42 (3) (2016) 209-216,
https://doi.org/10.5271/sjweh.3556.

M. Slater, A.V. Perruccio, E.M. Badley, Musculoskeletal comorbidities in
cardiovascular disease, diabetes and respiratory disease: the impact on activity
limitations; a representative population-based study, BMC Public Health 11 (2011)
77, https://doi.org/10.1186/1471-2458-11-77.

F. Aga, S.B. Dunbar, T. Kebede, R.A. Gary, The role of concordant and discordant
comorbidities on performance of self-care behaviors in adults with type 2 diabetes:
a systematic review, Diabetes Metab. Syndr. Obes. 12 (2019) 333-356, https://doi.
org/10.2147/DMS0.S5186758.

S.L. Krein, M. Heisler, J.D. Piette, et al., The effect of chronic pain on diabetes
patients’ self-management, Diabetes Care 28 (1) (2005) 65-70, https://doi.org/
10.2337/diacare.28.1.65.

M.J. Bair, J. Wu, T.M. Damush, et al., Association of depression and anxiety alone
and in combination with chronic musculoskeletal pain in primary care patients,
Psychosom. Med. 70 (8) (2008) 890-897, https://doiorg.pc124152.oulu.fi:9443/
10.1097/PSY.0b013e318185c510.

M. Beran, R. Muzambi, A. Geraets, et al., The bidirectional longitudinal association
between depressive symptoms and HbAlc: a systematic review and meta-analysis,
Diabet Med. 39 (2) (2022), 14671, https://doi.org/10.1111/dme.14671.

Type 2 diabetes. 2020.Current Care Guidelines. Working groups set up by the
Finnish Medical Society Duodecim, the Finnish Society of Internal Medicine, the
Medical Advisory Board of the Finnish Diabetes Society. Helsinki: The Finnish
Medical Society Duodecim, 2020 (referred April, 6, 2021). Available online at:
www.kaypahoito.fi).

G. Parati, G.S. Stergiou, R. Asmar, et al., European society of hypertension
guidelines for blood pressure monitoring at home: a summary report of the Second
International Consensus Conference on Home Blood Pressure Monitoring,

J. Hypertens. 26 (8) (2008) 1505-1526, https://doi.org/10.1097/
HJH.0b013e328308da66.

536

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Primary Care Diabetes 16 (2022) 531-536

Hypertension. 2020. Current care guidelines. Working groups set up by the Finnish
Medical Society Duodecim, the Finnish Hypertension Society. Helsinki: The Finnish
Medical Society Duodecim, 2020 (referred April, 6, 2021). Available online at:
(www.kaypahoito.fi).

D.M. Tisnado, J.L. Adams, H. Liu, et al., What is the concordance between the
medical record and patient self-report as data sources for ambulatory care? Med.
Care 44 (2) (2006) 132-140, https://doi.org/10.1097/01.mlr.0000196952.15921.
bf.

Pain. 2017. Current care guidelines. Working groups set up by the Finnish Medical
Society Duodecim, the Finnish Society of Anaesthesiologists, and the Finnish
Association for General Practice. Helsinki: The Finnish Medical Society Duodecim,
2017 (referred April, 23, 2021). Available online at: (www.kaypahoito.fi).

I. Lingvay, P. Sumithran, R.V. Cohen, C.W. le Roux, Obesity management as a
primary treatment goal for type 2 diabetes: time to reframe the conversation,
Lancet 399 (10322) (2022) 394-405, https://doi.org/10.1016/50140-6736(21)
01919-X [published correction appears in Lancet. 2022 Jan 22;399(10322):358].
L. Lima Florencio, A. Lopez-de-Andres, V. Hernandez-Barrera, et al., Is there an
association between diabetes and neck and back pain? Results of a case-control
study, J. Clin. Med. 9 (9) (2020) 2867, https://doi.org/10.3390/jcm9092867.

T. Kendzerska, L.K. King, L. Lipscombe, et al., The impact of hip and knee
osteoarthritis on the subsequent risk of incident diabetes: a population-based
cohort study, Diabetologia 61 (11) (2018) 2290-2299, https://doi.org/10.1007/
s00125-018-4703-2.

N. Freemantle, J. Holmes, A. Hockey, S. Kumar, How strong is the association
between abdominal obesity and the incidence of type 2 diabetes? Int. J. Clin. Pract.
62 (9) (2008) 1391-1396, https://doi.org/10.1111/j.1742-1241.2008.01805.x.
F. Cannata, G. Vadala, L. Ambrosio, et al., Intervertebral disc degeneration: a focus
on obesity and type 2 diabetes, Diabetes Metab. Res. Rev. 36 (1) (2020), e3224,
https://doi.org/10.1002/dmrr.3224.

R. Shiri, D. Coggon, K. Falah-Hassani, Exercise for the prevention of low back pain:
systematic review and meta-analysis of controlled trials, Am. J. Epidemiol. 187 (5)
(2018) 1093-1101, https://doi.org/10.1093/aje/kwx337.

D. Aune, T. Norat, M. Leitzmann, et al., Physical activity and the risk of type 2
diabetes: a systematic review and dose-response meta-analysis, Eur. J. Epidemiol.
30 (7) (2015) 529-542, https://doi.org/10.1007/s10654-015-0056-z.

S.T. Knudsen, J. Bodegard, K.I. Birkeland, et al., Risk factor management of type 2
diabetic patients in primary care in the Scandinavian countries between 2003 and
2015, Prim. Care Diabetes 15 (2) (2021) 262-268, https://doi.org/10.1016/j.
pcd.2020.09.006.

1. Mikkola, S. Morgan, K. Winell, et al., Association of personalised care plans with
monitoring and control of clinical outcomes, prescription of medication and
utilisation of primary care services in patients with type 2 diabetes: an
observational real-world study, Scand. J. Prim.. Health Care (2022) 1-9, https://
doi.org/10.1080/02813432.2022.2036458 [published online ahead of print, 2022
Feb 11].

S. Molsted, J. Tribler, O. Snorgaard, Musculoskeletal pain in patients with type 2
diabetes, Diabetes Res. Clin. Pract. 96 (2) (2012) 135-140, https://doi.org/
10.1016/j.diabres.2011.12.022.

A. Real, C. Ukogu, D. Krishnamoorthy, et al., Elevated glycohemoglobin HbA1lc is
associated with low back pain in nonoverweight diabetics, Spine J. 19 (2) (2019)
225-231, https://doi.org/10.1016/j.spinee.2018.05.035.

J. Bedson, S. Mottram, E. Thomas, G. Peat, Knee pain and osteoarthritis in the
general population: what influences patients to consult? Fam. Pract. 24 (5) (2007)
443-453, https://doi.org/10.1093/fampra/cmm036.


https://doi.org/10.1111/ijcp.13313
https://doi.org/10.1111/ijcp.13313
https://doi.org/10.2337/dc19-0968
https://doi.org/10.1016/j.semarthrit.2020.05.007
https://doi.org/10.1186/1471-2474-9-160
https://doi.org/10.1186/1471-2474-9-160
https://doi.org/10.1136/rmdopen-2015-000077
https://doi.org/10.1371/journal.pone.0212030
https://doi.org/10.5271/sjweh.3556
https://doi.org/10.1186/1471-2458-11-77
https://doi.org/10.2147/DMSO.S186758
https://doi.org/10.2147/DMSO.S186758
https://doi.org/10.2337/diacare.28.1.65
https://doi.org/10.2337/diacare.28.1.65
http://refhub.elsevier.com/S1751-9918(22)00084-5/sbref26
http://refhub.elsevier.com/S1751-9918(22)00084-5/sbref26
http://refhub.elsevier.com/S1751-9918(22)00084-5/sbref26
http://refhub.elsevier.com/S1751-9918(22)00084-5/sbref26
https://doi.org/10.1111/dme.14671
http://www.kaypahoito.fi
https://doi.org/10.1097/HJH.0b013e328308da66
https://doi.org/10.1097/HJH.0b013e328308da66
http://www.kaypahoito.fi
https://doi.org/10.1097/01.mlr.0000196952.15921.bf
https://doi.org/10.1097/01.mlr.0000196952.15921.bf
http://www.kaypahoito.fi
https://doi.org/10.1016/S0140-6736(21)01919-X
https://doi.org/10.1016/S0140-6736(21)01919-X
https://doi.org/10.3390/jcm9092867
https://doi.org/10.1007/s00125-018-4703-2
https://doi.org/10.1007/s00125-018-4703-2
https://doi.org/10.1111/j.1742-1241.2008.01805.x
https://doi.org/10.1002/dmrr.3224
https://doi.org/10.1093/aje/kwx337
https://doi.org/10.1007/s10654-015-0056-z
https://doi.org/10.1016/j.pcd.2020.09.006
https://doi.org/10.1016/j.pcd.2020.09.006
https://doi.org/10.1080/02813432.2022.2036458
https://doi.org/10.1080/02813432.2022.2036458
https://doi.org/10.1016/j.diabres.2011.12.022
https://doi.org/10.1016/j.diabres.2011.12.022
https://doi.org/10.1016/j.spinee.2018.05.035
https://doi.org/10.1093/fampra/cmm036

	Association of musculoskeletal pain with the achievement of treatment targets for type 2 diabetes among primary care patients
	1 Introduction
	2 Methods
	2.1 Study population and design
	2.2 Musculoskeletal pain
	2.3 Clinical and biochemical outcomes
	2.4 Confounding and demographic factors
	2.5 Statistical analyses

	3 Results
	3.1 Sample demographics
	3.2 MS pain and meeting the guideline-recommended treatment targets

	4 Discussion
	4.1 Main findings
	4.2 Prevalence of MS pain among patients with T2D
	4.3 Achievement of T2D treatment targets
	4.4 Strength and limitations

	5 Conclusions
	Funding
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supporting information
	References


