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ABSTRACT

Introduction There are conflicting results on the
association between type 2 diabetes and chronic low
back pain (CLBP). Therefore, the goal was to investigate
the relationship between type 2 diabetes and CLBP in
individuals followed in general practices in Germany.
Research design and methods Adults diagnosed for the
first time with type 2 diabetes in 809 general practices

in Germany between 2005 and 2018 (index date) were
included. Adults without type 2 diabetes were matched
(1:1) to those with type 2 diabetes by sex, age, index year,
and the annual number of medical consultations (index
date: a randomly selected visit date). The association
between type 2 diabetes and the 10-year incidence of
CLBP was analyzed in conditional Cox regression models
adjusted for a wide range of comorbidities, including
hypertension, lipid metabolism disorders, and obesity.
Results There were 139002 individuals included in

this study (women: 58.0%; mean (SD) age 62.5 (13.4)
years). There was a positive association between type 2
diabetes and the incidence of CLBP in the overall sample
(HR=1.23, 95% Cl: 1.13 to 1.35). Sex-stratified analyses
showed a higher risk of CLBP in women (HR=1.68, 95% CI:
1.43 t0 1.90) and a lower risk in men with than in their
counterparts without type 2 diabetes (HR=0.83, 95% Cl:
0.71 10 0.97).

Conclusions Newly diagnosed type 2 diabetes was
associated with an increased risk of CLBP. There were
important sex differences in the type 2 diabetes-CLBP
relationship, and more research is warranted to investigate
the underlying factors explaining these differences.

INTRODUCTION

Chronic low back pain (CLBP) is defined as
chronic pain affecting the lower back (lumbar
spine) for more than 3months." The preva-
lence of CLBP is high in the general popu-
lation and chronic back pain affects almost
60% of older adults.> CLBP is a risk factor for
several unhealthy behaviors (eg, consump-
tion of illicit drugs’ and reduced physical
activity®), psychiatric conditions (eg, major
depression” and anxiety”), higher disability,’
and increased mortality.® In addition, CLBP-
related medical and non-medical direct costs
are substantial,9 and the condition is also a
leading cause of workplace absenteeism.'

Significance of this study

What is already known about this subject?

» Several studies have investigated the association
between type 2 diabetes and chronic low back pain
(CLBP), and these studies have yielded inconsistent
results.

What are the new findings?

» Type 2 diabetes was positively associated with the
incidence of CLBP in the overall sample.

» Similar findings were obtained in women, and the
odds of CLBP was significantly higher in women with
than in those without CLBP.

» On contrast, men with type 2 diabetes were less
likely to be diagnosed with CLBP than their counter-
parts without type 2 diabetes.

How might these results change the focus of

research or clinical practice?

» Based on these findings, interventions preventing
the occurrence of CLBP in people with type 2 diabe-
tes should be promoted.

Thus, public health interventions focusing on
the prevention of CLBP should be prioritized
in the coming years, and the implementa-
tion of these interventions relies on a better
understanding of protective factors against
and risk factors for CLBP.

CLBP is a complex disorder that is associ-
ated with a wide range of sociodemographic
and psychological factors such as low educa-
tional attainment,"’ workload,' and psycho-
logical comorbidities.”® In terms of chronic
physical conditions, an increasing body of
research has investigated the relationship
between diabetes and back pain, but there
are some discrepancies in the results of these
studies.'*™' For example, a Spanish case—con-
trol study including 4190 individuals with
and without diabetes revealed that CLBP and
chronic neck pain were more common in
people with diabetes.”” By contrast, another
cross-sectional study, using data pertaining
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to 1605 twins in the same country, found that a history
of diabetes was negatively associated with the odds of
seeking medical care for low back pain.*! Theoretically,
diabetes could lead to an increase in the risk of CLBP
due to lower muscle mass® ** and poor mental health
(eg, depression'® **), while diabetes and CLBP share
common risk factors such as obesity” ** and low-grade
systemic inflammation.”” ®* Although previous studies
have advanced the field, the majority of these studies
were surveys, and the use of self-reported measures may
have impacted the validity of their findings. In view of
this, further research based on clinical data is warranted
to clarify the relationship between diabetes and CLBP.

Therefore, the goal of this retrospective cohort study
was to investigate the association between type 2 diabetes
and the incidence of CLBP in adults followed up for up
to 10 years in general practices in Germany. Given that
there are sex-related differences in the epidemiology of
diabetes,29 diabetes-related complications,30 and CLBP,?’1
it was hypothesized that the relationship between type 2
diabetes and the incidence of CLBP would differ between
men and women.

METHODS

Database

Data from the Disease Analyzer database (IQVIA) were
used for this study. The Disease Analyzer database
contains sociodemographic, clinical, and pharmaceu-
tical data obtained directly in an anonymous format
from general and specialized practices.” Clinical data
were coded using the German version of the Interna-
tional Classification of Diseases, 10th revision (ICD-10),
while pharmaceutical data were obtained using the Euro-
pean Pharmaceutical Marketing Research Association
(EphMRA) Anatomical Therapeutic Chemical (ATC)
system. The quality of the data is assessed regularly on
the basis of a wide range of criteria such as completeness
of documentation and linkage between clinical and phar-
maceutical data. Around 3% of all outpatient practices in
Germany are included in the database. Summary statis-
tics from the entire population of German outpatient
practices (ie, age of physician, specialty, community size
category, and German federal state) are used to select
the practices included in the Disease Analyzer database.
Finally, this database has been found to be a representa-
tive sample of all outpatient practices in Germany.*

Study population

The present study included adults aged =18 years first
diagnosed with type 2 diabetes (ICD-10: E11) in 1 of 809
general practices in Germany between January 2005 and
December 2018 (index date). In order to be included in
this study, people with type 2 diabetes had to receive a
glucose-lowering treatment within 12 months following
the index date, be observed for at least 12 months prior
to the index date, and have no diagnosis of lumbago
with sciatica (ICD-10: M54.4) or low back pain (ICD-10:

M54.5) prior to or on the index date. People without
type 2 diabetes were matched (1:1) to their counter-
parts with type 2 diabetes by sex, age, index year, and
the annual number of medical consultations (ie, the
number of medical consultations during the follow-up
period divided by the number of years of follow-up). In
individuals without type 2 diabetes, the index date corre-
sponded to a randomly selected visit date. The flow chart
of the study participants is displayed in figure 1.

Study outcome and variables

The outcome of this retrospective cohort study was the
10-year cumulative incidence of CLBP in individuals
with and without type 2 diabetes. CLBP was defined as
the presence of low back pain (ie, lumbago with sciatica
(ICD-10: Mb54.4) or low back pain (ICD-10: M54.5))
during at least two different medical consultations no less
than 3 months apart. Other study variables included type
2 diabetes (ICD-10: E11), sex, age, index year, the annual
number of medical consultations, comorbidities (ie,
hypertension (ICD-10:110), osteoarthritis (ICD-10: M15-
M19), lipid metabolism disorders (ICD-10: E78), obesity
(ICD-10: E66), spondylopathies (ICD-10: M45-M49),
chronic coronary heart disease (ICD-10: 125 excluding
125.2), osteoporosis (ICD-10: M80, M81), peripheral
vascular disease (ICD-10:170.3,173.9, and E11.5), history
of myocardial infarction (ICD-10: 121-123, and 125.2),
and history of stroke or transient ischemic attack (ICD-
10: 163, 164, and G45)), and glucose-lowering drugs (ie,
metformin (EphMRA ATC: A10], AION3, A10K2, and
A10P2), sulfonylurea (EphMRA ATC: A10H), dipeptidyl
peptidase (DPP)-4 inhibitors (EphMRA ATC: A10N),
sodium glucose cotransporter 2 (SGLI2) inhibitors
(EphMRA ATC: A10P), glucagon-like peptide 1 receptor
agonists (GLP-1RAs) (EphMRA ATC: A10S), other oral
drugs (EphMRA ATC: Al0K, AIOL, and A10M), and
insulin (EphMRA ATC: A10C)).

Statistical analyses

Baseline characteristics were compared for subjects with
and those without type 2 diabetes using McNemar tests
for categorical variables and Wilcoxon signed-rank tests
for continuous variables. In addition, differences in the
prescription of glucose-lowering drugs between women
and men with type 2 diabetes were assessed using x” tests.
Kaplan-Meier curves and log-rank p values were used to
analyze the 10-year cumulative incidence of CLBP in the
overall sample, women and men by type 2 diabetes status.
Finally, the associations between type 2 diabetes and the
incidence of CLBP in the overall sample, women and
men were investigated using conditional Cox regression
models. These Cox regression models were adjusted for
hypertension, osteoarthritis, lipid metabolism disorders,
obesity, spondylopathies, chronic coronary heart disease,
osteoporosis, peripheral vascular disease, history of
myocardial infarction, and history of stroke or transient
ischemic attack. As subjects without type 2 diabetes were
matched to those with type 2 diabetes by sex, age, index
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Adults aged =18 years with at least one visit to one of 809
general practices in Germany between January 2005 and
December 2018
N = 6,050,744

[

{

!

At least one diagnosis of diabetes
N = 347,318

No diagnosis of diabetes
N = 5,703,426

Initial diagnosis of type 2 diabetes (ICD-10: E11) between
January 2005 and December 2018 (index date), and initiation of
a glucose-lowering treatment within 12 months following the
index date
N = 149,668

Randomly selected visit date between January 2005 and
December 2018 (index date)
N = 5,703,426

Observation time of at least 12 months prior to the index date
N = 81,036

Observation time of at least 12 months prior to the index date
N = 1,835,100

No diagnosis of lumbago with sciatica (ICD-10: M54.4) or low
back pain (ICD-10: M54.5) prior to or on the index date
N = 70,838

No diagnosis of lumbago with sciatica (ICD-10: M54.4) or low
back pain (ICD-10: M54.5) prior to or on the index date
N = 1,514,390

l

J

{

Individual matching (1:1) by sex, age, index year, and the annual
number of medical consultations

{

!

Patients with type 2 diabetes
N = 69,501

Figure 1 Selection of study patient.

year, and the annual number of medical consultations,
these variables were not included in the Cox regression
models. The results of the Cox regression analyses are
presented as HRs with 95% Cls. P values lower than 0.05
were considered statistically significant. All analyses were
performed using SAS V.9 4.

RESULTS

Overall, 69501 people with type 2 diabetes and 69501
people without type 2 diabetes were included in this
study. The baseline characteristics of the study sample
are displayed in table 1. In total, 58.0% of the subjects
included were women, and the mean (SD) age was 62.5
(13.4) years. The mean follow-up period was 4.4 (3.5)
years in participants with type 2 diabetes and 5.0 (3.5)
years in those without type 2 diabetes. The mean (SD)
HbAlc was 7.3% (1.6%) in the type 2 diabetes group.
All glucose-lowering drugs except GLP-IRAs were
prescribed less frequently in women than in men with

Patients without type 2 diabetes
N = 69,501

type 2 diabetes, and the three most commonly prescribed
families of molecules were metformin (63.6% in women
vs 66.2% in men), insulin (46.9% vs 47.1%), and DPP-4
inhibitors (26.9% vs 29.9%; table 2). Within 10 years of
the index date, 3.4% of subjects with and 3.0% of those
without type 2 diabetes had received a diagnosis of CLBP
(log-rank p value <0.001; figure 2, upper panel). Similar
findings were obtained in women (4.0% vs 2.7%), log-rank
p value <0.001; figure 2, middle panel). However, the
10-year cumulative incidence of CLBP was significantly
lower in men with type 2 diabetes than in their counter-
parts without type 2 diabetes (2.5% vs 3.5%, log-rank p
value <0.001; figure 2, lower panel). Finally, the results
of the Cox regression analyses are displayed in table 3.
Type 2 diabetes was associated with an increased risk of
CLBP in the overall population (HR=1.23, 95% CI: 1.13
to 1.35). We also found that women with type 2 diabetes
had a higher risk of CLBP than their counterparts without
type 2 diabetes (HR=1.68, 95% CI: 1.43 to 1.90), whereas
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Table 1 Baseline characteristics of the study sample after 1:1 matching by sex, age, index year, and the annual number of

medical consultations

Type 2 diabetes No type 2 diabetes
Variable (N=69501) (N=69501) P value
Sex
Female 58.0 58.0 1.000
Male 42.0 42.0
Age (in years)
Mean age (SD) 62.5(13.4) 62.5(13.4) 1.000
Age 18-50 18.5 18.5 1.000
Age 51-60 241 241
Age 61-70 27.0 27.0
Age 71-80 22.4 22.4
Age >80 8.0 8.0
Mean annual number of medical consultations (SD) 3.6 (4.4) 3.6 (4.4) 1.000
Comorbidities diagnosed prior to or on the index date
Hypertension 55.0 49.0 <0.001
Osteoarthritis 30.4 29.5 0.009
Lipid metabolism disorders 29.4 31.3 <0.001
Obesity 28.5 6.5 <0.001
Spondylopathies 16.3 15.9 0.125
Chronic coronary heart disease 12.2 12.6 0.061
Osteoporosis 6.8 10.3 <0.001
Peripheral vascular disease 5.6 8.8 <0.001
History of myocardial infarction 41 3.4 <0.001
History of stroke or transient ischemic attack 3.6 4.4 <0.001

Data are percentages unless otherwise specified.

Index year is not shown in the table.

a lower risk was observed in men generally (HR=0.83,

95% CI: 0.71 to 0.97).

DISCUSSION
Main findings

This retrospective cohort study including more than
139000 patients from general practices in Germany

Table 2 Prescription of glucose-lowering drugs in women

and men with type 2 diabetes

Women Men
Drug (N=40339) (N=29162) P value
Metformin 63.6 66.2 <0.001
Sulfonylurea 13.1 13.3 <0.001
DPP-4 inhibitors 26.9 29.9 <0.001
SGLT2 inhibitors 11.1 15.6 <0.001
GLP-1RAs 9.7 9.7 0.998
Other oral drugs 5.9 6.5 0.004
Insulin 46.9 471 <0.001

Data are percentages unless otherwise specified.
DPP-4, dipeptidyl peptidase-4; GLP-1RA, glucagon-like peptide 1

receptor agonist; SGLT2, sodium glucose cotransporter 2.

found that overall, the 10-year cumulative incidence
of CLBP was higher in individuals with than in those
without type 2 diabetes. These findings were corrobo-
rated in the Cox regression analyses adjusted for a large
number of chronic conditions, as type 2 diabetes was
associated with a 1.23-fold increase in the incidence of
CLBP. Interestingly, stratified analyses also revealed that
the relationship between type 2 diabetes and CLBP was
positive in women but negative in men. To the best of
our knowledge, this is one of the largest studies to date to
have investigated the association between type 2 diabetes
and CLBP, and it is also one of the few studies based on
clinical and not self-reported data.

Interpretation of findings

In recentyears, a significant body of literature has focused
on the relationship between diabetes and CLBP, and
these studies have reported conflicting results."**! For
example, a Spanish study including 2096 twins revealed
that type 2 diabetes was cross-sectionally associated with
a wide range of back conditions such as severe CLBP and
severe chronic spinal pain.'* A systematic review and meta-
analysis of eight studies also showed a positive association
between diabetes and both low back and neck pain.'® By
contrast, a longitudinal study using data pertaining to
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Figure 2 10-year cumulative incidence of chronic low
back pain by type 2 diabetes status in the overall population
(upper panel), women (middle panel) and men (lower panel;
Kaplan-Meier curves).

Table 3 Association between type 2 diabetes and the 10-
year cumulative incidence of chronic low back pain in the
overall sample, women and men (Cox regression models)

Population HR 95% CI P value
Overall population 1.28 1.13t0 1.35 <0.001
Women 1.68 1.43 10 1.90 <0.001
Men 0.83 0.71t0 0.97 0.019

Conditional Cox regression models were adjusted for hypertension,
osteoarthritis, lipid metabolism disorders, obesity, spondylopathies, chronic
coronary heart disease, osteoporosis, peripheral vascular disease, history of
myocardial infarction, and history of stroke or transient ischemic attack.

Cl

, confidence interval

; HR, hazard ratio

3045 men living in the USA found no significant associa-
tion between diabetes and incident chronic back pain.'®
The discrepancies in these findings may be due to the
fact that back pain was usually self-reported and that the
definition of back pain varied between studies. Taking
these limitations into consideration, the present retro-
spective study conducted in Germany adds to the liter-
ature by showing that a diagnosis of type 2 diabetes is
positively associated with a diagnosis of CLBP later in life.

At least two factors likely play a mediating role with
respect to the association between type 2 diabetes and
CLBP. First, people with type 2 diabetes are at a particular
risk of accelerated decline in muscle mass compared with
their counterparts without type 2 diabetes.”” As a matter
of fact, insulin resistance favors the inhibition of the
mammalian target of rapamycin (mtoR) pathway, which
leads to a decrease in protein synthesis and an increase
in protein degradation.” Meanwhile, there is some litera-
ture indicating that trunk muscle weakness may favor the
occurrence of low back pain.” Second, type 2 diabetes
has deleterious effects on mental health, and previous
data have suggested that there is a bidirectional relation-
ship between type 2 diabetes and depression.** Interest-
ingly, depression and other psychiatric disorders such as
anxiety are also key factors in the transition from acute
low back pain to CLBP."” Furthermore, type 2 diabetes
and CLBP share common risk factors such as obesity and
low-grade systemic inflammation, and regression anal-
yses conducted in this study were therefore adjusted for
obesity. In terms of low-grade systemic inflammation,
there is a strong body of literature showing that this factor
likely plays an important role in the etiology of both type
2 diabetes” ** and CLBP.*** Low-grade systemic inflam-
mation may favor the occurrence of type 2 diabetes via
molecular pathways enhancing insulin resistance (eg,
activation of Jun kinase and downregulation of peroxi-
some proliferator-activated receptor (PPAR)-y expres-
sion),?” while proinflammatory molecules may contribute
to back pain through the sensitization of peripheral noci-
ceptors and the promotion of hyperalgesia.*®

Another interesting finding of this study is the sex-
related difference in the association between type 2
diabetes and CLBP. Indeed, the relationship between
type 2 diabetes and CLBP was positive in women and
negative in men. Before going further, it is important to
bear in mind that the negative association observed in
male participants may be due to residual confounding
factors not included in the regression analyses (eg, phys-
ical activity and inflammatory markers). That being said,
these differing results may also be the result of differ-
ences between men and women in terms of the burden
and complications of type 2 diabetes. As a matter of fact,
glycemic control is poorer in women than in men with
diabetes,”*” and low-grade systemic inflammation related
to type 2 diabetes may therefore be more pronounced
in women than in their male counterparts, potentially
increasing their risk of developing CLBP. In line with
this hypothesis, glucose-lowering drugs were prescribed
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less frequently in women than in men in this study and
as some of these molecules (eg, insulin) have anabolic
effects,” this could at least partially explain these sex-
related differences in the relationship between type 2
diabetes and CLBP. Furthermore, given that women
with diabetes exhibit more difficulties in activities of
daily living and instrumental activities of daily living than
men with diabetes,” they may be more likely to suffer
from muscle mass decline and indirectly develop CLBP.
Finally, depressive symptoms related to type 2 diabetes
are more significant in female than in male adults,* *!
which could also be a contributing factor with regard to
the sex-related differences in the results of this study.

Clinical implications and directions for future research

Based on these findings, women with type 2 diabetes
may be at a higher risk of developing CLBP than those
without type 2 diabetes. Therefore, interventions aiming
at the prevention of CLBP in people with type 2 diabetes
are urgently needed. Personalized treatment and
management are necessary to reduce the burden and
the complications of type 2 diabetes. Furthermore, exer-
cise therapy should be favored in people with diabetes to
lower their risk of muscle mass loss. Finally, the potential
deleterious effects of type 2 diabetes on mental health
should be assessed on a regular basis, and patients should
be referred to mental health specialists when psychiatric
disorders are present. In terms of future research, more
clinical data of a longitudinal nature are needed to
obtain a better picture of the association between type 2
diabetes and CLBP. In addition, further research should
confirm or refute the sex-related differences in the rela-
tionship between type 2 diabetes and CLBP observed in
the present study.

Strengths and limitations

Major strengths of this study include the large sample
size, the duration of follow-up for patients, and the use
of clinical data. However, there are also several limita-
tions that should be acknowledged at this point. First, no
data was available on the severity of diabetes, although
this severity may have impacted the relationship between
type 2 diabetes and CLBP. Second, no information was
available on physical activity and given that lack of phys-
ical activity is associated with both type 2 diabetes* and
CLBP,* this may have biased the study results. Third,
CLBP may have been diagnosed by health professionals
other than general practitioners (eg, rheumatologists)
and as this study included general practices only, it is
therefore possible that the incidence of CLBP has been
underestimated.

CONCLUSION

Overall, there was a positive and significant association
between type 2 diabetes and the 10-year incidence of
CLBP. Interestingly, there were significant sex-related
differences in the association between type 2 diabetes
and CLBP, with this relationship being positive in women

and negative in men. Further studies of a longitudinal
nature are needed to identify mediators involved in this
association and to confirm these sex-related differences.
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