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Impact of Diabetes Mellitus on Knee Osteoarthritis 
Pain and Physical and Mental Status: Data From the 
Osteoarthritis Initiative
Annett Eitner,1  Adam G. Culvenor,2 Wolfgang Wirth,3 Hans-Georg Schaible,1  and Felix Eckstein3

Objective. Diabetes mellitus (DM) appears to increase osteoarthritic knee pain, which may be related to greater 
adiposity and more advanced disease status often observed in individuals with osteoarthritis (OA) and DM. We aimed 
to assess whether OA knee pain and health status are worse in individuals with OA and DM, independent of these 
potential confounders.

Methods. We included 202 OA participants with DM and 2,279 without DM from the Osteoarthritis Initiative. 
Knee pain was evaluated using the Knee Injury and Osteoarthritis Outcome Score (KOOS) and a numeric rating 
scale (NRS). Physical and mental status were assessed by the Medical Outcomes Study Short Form 12 (SF-12) 
questionnaire, physical component summary (PCS) score and mental component summary (MCS) score, and by the 
Center for Epidemiologic Studies Depression Scale (CES-D). Linear regression models assessed the influence of DM, 
adjusted for age, sex, body mass index (BMI), and radiographic severity.

Results. OA participants with DM reported worse knee pain and greater physical and mental issues compared 
with participants without DM. Individuals with DM had worse KOOS pain (β = –4.72 [95% confidence interval (95% 
CI) –7.22, –2.23]) and worse NRS pain (β = 0.42 [95% CI 0.04, 0.80]) independent of BMI, OA severity, age, and sex. 
The negative influence of DM was also apparent for SF-12 PCS (β = –3.49 [95% CI –4.73, –2.25]), SF-12 MCS (β = 
–1.42 [95% CI –2.57, –0.26]), and CES-D (β = 1.08 [95% CI 0.08, 2.08]).

Conclusion. Individuals with knee OA experience on average higher pain intensity and a worse physical and 
mental health status if they have DM. Linear regression models show that DM is a risk factor for higher pain, in 
addition to and independent of greater BMI and radiographic OA severity.

INTRODUCTION

Individuals with diabetes mellitus (DM) have greater rates of 
incident and progressive osteoarthritis (OA) compared with con-
trols without DM (1–4). An increased risk for OA in patients with 
DM was found for knee and hand OA, moreso than for hip OA (3). 
DM has also been linked with higher rates of joint replacement, 

particularly at a younger age (5,6). Although the mechanisms driv-
ing the higher rates of incident and progressive OA in individu-
als with DM are unknown, epidemiologic and experimental data 
have strengthened the concept of a DM-induced OA phenotype 
(7,8), assuming that hyperglycemia toxicity is an important trigger 
of joint degradation. However, although there is much evidence 
for a role of metabolic factors in the development of OA (9), the 
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importance of such factors is still disputed, e.g., by the authors of 
the prospective longitudinal Framingham study (10). In the latter 
study on ~1,000 patients with OA, almost all associations became 
weak and nonsignificant after adjustment for body mass index 
(BMI) (10).

Pain intensity is also higher in OA joints of individuals with DM 
(6,11–13). This elevated pain intensity has been linked to enhanced 
synovitis and increased interleukin (IL)-6 in the synovial fluid pres-
ent in individuals with OA and DM (6,12). Indeed, DM is asso-
ciated with systemic low-grade inflammation, increased serum 
levels of C-reactive protein, IL-6, and tumor necrosis factor (TNF) 
(14). In several organs, DM can lead to microvascular alterations 
and dysfunction of endothelial mitochondria, as well as stimulation 
of the production of reactive oxygen species and advanced glyco-
sylated end products (15,16). These cellular alterations in synovial 
joints can potentially induce enhanced local inflammation of artic-
ular tissue and worsen OA pathogenesis and pain. In addition, DM 
can potentially influence peripheral and central pain mechanisms 
via induction of peripheral neuropathy and central sensitization or 
changes in brain activities (17). Psychological and socioeconomic 
factors also have an impact on OA pain (18,19).

Important aspects to be considered in the context of greater 
OA-related pain in patients with DM are the potentially greater 
BMI and radiographic progression in patients with OA and DM 
(4,6,12). Obesity represents an independent risk factor of incident 
OA (20) that is not only based on greater mechanical stress on 
weight-bearing joints, but also on the release of proinflamma-
tory cytokines by adipose tissue that may contribute to struc-
tural pathology (21). Beyond that fact, obesity and radiographic 
OA severity are often related to OA pain (22–24). Since OA pain 
intensity is not always aligned with radiographic severity (25), the 
source of pain is difficult to identify. Hence, it is currently unclear 
whether the greater pain sensation reported by individuals with 
OA and DM (6,11–13) is due to greater BMI and radiographic OA 
severity of patients with DM, or whether DM induces a particular 
phenotype of OA, in which other pain mechanisms are in play.

Given that previous studies of the relationship between DM 
and OA pain were of moderate sample size only and did not 

adjust for radiographic OA severity (6,11–13), the current study 
used a large observational cohort to test the hypothesis that OA 
pain sensation in individuals with DM is stronger than in controls 
without DM, independently of BMI and radiographic disease sta-
tus. Further, we explored the extent to which other measures of 
physical and mental health status differ between individuals with 
and without DM, independent of these confounders.

PATIENTS AND METHODS

Study design. The current study used data from the public 
Osteoarthritis Initiative (OAI) database. The OAI is a longitudinal 
cohort study of individuals with or at increased risk of symptom
atic radiographic knee OA. A description of the cohort study 
design, the inclusion and exclusion criteria of participants, and an 
overview of collected and measured data are available at https://
data-archi​ve.nimh.nih.gov/oai/. The OAI study was conducted in 
compliance with the ethical principles derived from the Declaration 
of Helsinki and was approved by the local ethics committees at 
the 4 clinical OAI centers in the US. Written informed consent was 
obtained in those centers.

A total of 4,796 participants ages 45–79 years were recruited 
at the 4 clinical OAI centers. The baseline data of the OAI were used 
for the current cross-sectional study. OAI participants with a pos-
sible history of rheumatoid arthritis, inflammatory arthritis, or poly-
myalgia rheumatic and with prior total knee replacement surgery 
were excluded from the current analysis. Based on a self-reported 
diagnosis of prior DM, participants were grouped into the status of 
having DM or not having DM. Individuals with missing information 
and those with a new diagnosis of DM during OAI follow-up were 
excluded. Similar approaches to selecting participants with DM 
from the OAI have been used in analyses of cartilage degenera-
tion (26). The knee with the greater baseline symptom status was 
selected for the current analysis, using the frequency of pain, ach-
ing, or stiffness reported in or around the knee for at least 1 month 
during the past 12 months and using the pain severity over the 
last month rated on a numeric rating scale (NRS). When 1 knee 
had more frequent pain and the contralateral knee more severe 
pain, the knee with the greater pain frequency was chosen. In 
participants with identical pain frequency in both knees, the right 
knee was selected for analysis. Participants with missing baseline 
symptom status and missing structural severity score were also 
excluded (Figure 1). Additionally, OAI participants with no radio-
graphic findings of OA in the selected knee (Kellgren/Lawrence 
grade 0) were excluded.

Study variables. Knee pain. The 5 domains of the reli-
able and valid Knee Injury and Osteoarthritis Outcome Score 
(KOOS) were completed by each participant (27). Knee pain 
was assessed with the KOOS pain subscale (0 = worst pain, 
100 = no pain), encompassing knee pain during various activities 
(e.g., walking, stair climbing, standing, lying) over the previous 

SIGNIFICANCE & INNOVATIONS
•	 For the first time, we demonstrate, in a large cohort 

of 2,481 participants with osteoarthritis, the strong 
impact of diabetes mellitus on osteoarthritis pain 
and physical and mental health status.

•	 The impact of diabetes mellitus was independent of 
osteoarthritis severity, body mass index, age, and 
sex. Thus, the results indicate that diabetes mellitus 
is an independent factor of greater osteoarthritis 
pain and worse health status.

•	 The results emphasize the need to consider comor-
bidities in the therapy of patients with osteoarthritis.

https://data-archive.nimh.nih.gov/oai/
https://data-archive.nimh.nih.gov/oai/
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7 days. Additionally, an 11-point NRS assessed a nonactivity-
specific pain severity score for the past 30 days (0 = no pain, 
10 = worst pain).

Physical and mental status. The Physical Activity Scale for the 
Elderly (PASE) was used to estimate participants’ physical activity 
level. The PASE is an age-specific physical activity questionnaire 
that combines information on leisure, household, and occupational 
activity, especially for older people (28). The score ranges from 0 to 
793, with higher scores indicating greater physical activity.

To assess general health status, the self-administered Med-
ical Outcomes Study Short Form 12 (SF-12) questionnaire was 
used, one of the most extensively validated general health status 
instruments. The SF-12 consists of 12 questions covering physi-
cal and social functioning, emotional and mental health, and gen-
eral health perception (29). This instrument was used to calculate 
the physical (SF-12 physical component summary [PCS] score) 
and mental (SF-12 mental component summary [MCS] score) 
summary scale scores. Both scores range from 0 to 100, with 
higher scores indicating better health status.

Depressive symptoms were assessed using the validated 
Center for Epidemiologic Studies Depression Scale (CES-D), a 
20-item measure that rates symptoms associated with depres-
sion and scored from 0 to 60. Higher scores indicate more severe 
depressive symptoms (30). A CES-D score of ≥16 indicates the 
presence of clinically significant depression.

Covariates. BMI was calculated from the body weight and 
height, which were measured using a calibrated standard balance 
beam scale and a wall-mounted stadiometer. Participants were cat-
egorized into 1 of 4 BMI strata (in kg/m2): normal weight (BMI <25), 
overweight (25–29.9), obese (30–34.9), and severely obese (≥35). 
Because there were only 9 underweight participants (BMI <18.5), 
these were included in the normal weight category.

The presence or absence of various comorbidities was docu-
mented (including heart failure, bypass operation, stroke, asthma, 
lung diseases, stomach ulcers, DM, problems with kidneys, rheu-
matoid arthritis, polymyalgia arthritis, liver diseases, and cancer), 
and the comorbidity score was calculated. Pain-related medica-
tion (including analgesics, nonsteroidal antiinflammatory drugs, 
opioid analgesics) was also recorded. Additionally, participants 
were asked about pain, aching, or stiffness in other joints in the 
past 30 days, including right and left hip, shoulder, elbow, wrist, 
hand/finger, ankle, and foot. The number of painful joints was 
calculated.

The Kellgren/Lawrence (K/L) grade was determined by cen-
tral readers from the fixed-flexion knee radiographs (version 0.8) 
and used as a measure of radiographic OA severity. Details on 
the radiographic acquisition procedure are available at http://oai.
epi-ucsf.org/datar​eleas​e/opera​tions​Manua​ls/Radio​graph​icMan​
ual.pdf.

Statistical analysis. Participant characteristics are pre-
sented as median (interquartile range) due to not meeting 
assumptions of normality, or number (percentage) for categorical 
variables. The Mann-Whitney U tests and chi-square tests com-
pared participants with and without DM, as appropriate. Box plots 
displayed the variations of the non-DM and DM groups in each 
K/L and BMI stratum. Differences between the non-DM and DM 
groups in each stratum were analyzed using linear regression, 
with adjustment for age and sex.

Multivariate linear regression analysis was used to explore the 
association between the presence of DM on the above variables. 
For each dependent variable (KOOS pain, NRS pain, PASE, SF-
12 PCS, SF-12 MCS, and CES-D), 3 models were performed: 
one adjusting for age and sex alone, the second adjusting for age, 

Figure 1.  Selection of participants from the Osteoarthritis Initiative (OAI) database for the current study. TKR = total knee replacement;  
KLG = Kellgren/Lawrence grade.

http://oai.epi-ucsf.org/datarelease/operationsManuals/RadiographicManual.pdf
http://oai.epi-ucsf.org/datarelease/operationsManuals/RadiographicManual.pdf
http://oai.epi-ucsf.org/datarelease/operationsManuals/RadiographicManual.pdf
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sex, BMI, and K/L grade, and the third adjusting for age, sex, 
BMI, K/L grade, pain medication, comorbidities, and the number 
of painful joints. The results were expressed as unstandardized 
coefficient (beta value) with 95% confidence interval. Sensitivity 
analyses were also performed with men and women separately. 
SPSS statistics 21 software was used for all analyses, with signif-
icance set at 0.05.

RESULTS

From a total of 4,796 OAI participants, 2,481 were included 
in the current analysis (Figure 1). Most individuals were scored 
with K/L grade = 2 (42%) (Table 1). Of the 2,481 included partici-
pants, 202 (8.14%) reported a diagnosis of DM. Participants with 
DM were older (P = 0.032) and had a greater BMI (P < 0.001) 
and a higher comorbidity score (P < 0.001) than participants with-
out DM (Table 1). The K/L grade was not significantly different 
between both groups. The percentage of participants with DM 
in every K/L grade category was similar (P = 0.175 by chi-square 
test). KOOS pain, NRS pain, PASE, SF-12 PCS, and CES-D were 
all significantly worse for individuals with OA and DM compared to 
those without DM (Table 1). In all, 14.4% of participants with DM 
had significant depressive symptoms (CES-D ≥16), whereas only 
9.1% of participants without DM had a CES-D of ≥16.

Individuals with OA and DM had significantly more comor-
bidities, such as heart failure, stroke, stomach ulcers, poor kid-
ney function, or cancer (Table 2) compared to individuals without 

DM. The percentage of other diagnosed comorbidities, such as 
asthma, lung diseases, and serious liver damage was similar in 
both groups.

KOOS pain and NRS pain were worse in individuals with 
OA with a higher K/L grade or BMI (Figure 2). Importantly, across 
the different K/L grade categories, individuals with DM had even 
worse KOOS pain and greater NRS pain scores than individuals 
without DM (Figure 2A and 2B). Especially in subjects with severe 
OA (K/L grade = 4), differences of 11.1 points in the KOOS pain 
score and of 2.5 points in the NRS pain were recorded between 
subjects with DM and without DM (KOOS pain: P = 0.014; NRS 
pain: P = 0.013) (Figure 2). In the physical health scores of sub-
jects with severe OA (see Supplementary Figure 1, available on 
the Arthritis Care & Research website at http://onlin​elibr​ary.wiley.
com/doi/10.1002/acr.24173/​abstract), the difference between 
subjects with and without DM was 49 points for PASE (P = 0.030) 
and 7.1 points for SF-12 PCS (P = 0.030). The mental health 
status of subjects with severe OA (see Supplementary Figure 2, 
available at http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.24173/​
abstract) did not differ significantly between both groups (SF-12 
MCS: P = 0.353; CES-D: P = 0.130). Concerning BMI, individuals 
with OA and DM experienced significantly higher pain intensities in 
the overweight and obese category (Figure 2C and 2D).

The multivariate linear regression analysis revealed a strong 
and statistically significant association between the presence of 
DM and OA knee pain, as well as physical and mental param-
eters, after adjusting for age and sex. The strength of these 

Table 1.  Participant characteristics, including demographics, radiographic severity, pain scores, and 
physical and mental scores*

Characteristic

Participants 
without diabetes

Participants 
with diabetes

PNo. Value No. Value
Age, years 2,279 62 (16) 202 65 (14.25) 0.032†
Sex: female/male, % 2,279 59.4/40.6 202 61.4/38.6 0.575‡
Body mass index, kg/m2 2,277 28.6 (6.3) 201 31.6 (5.95) <0.001†
Comorbidity score 2,270 0 (0) 201 1 (1) <0.001†
Pain medication past 12 months, % 2,278 58.5 202 57.8 0.175‡
Kellgren/Lawrence, % 0.175‡

Grade 1 616 27.0 46 22.8 –
Grade 2 962 42.2 82 40.6 –
Grade 3 526 23.1 60 29.7 –
Grade 4 175 7.7 14 6.9 –

KOOS pain 2,277 83.3 (25) 202 75.0 (36.11) <0.001†
NRS pain 2,273 3 (4) 202 4 (7) 0.006†
PASE 2,265 151 (110) 201 139 (105) 0.002†
SF-12 PCS 2,270 51.3 (12.3) 202 46.2 (14.8) <0.001†
SF-12 MCS 2,270 56.0 (8.0) 202 55.8 (11.3) 0.255
CES-D 2,275 4 (8) 196 5 (8) 0.048†

* Values are the median (interquartile range) unless indicated otherwise. Mann-Whitney U test and chi-
square test for categorical variables were used to compare groups. CES-D = Center for Epidemiologic 
Studies Depression Scale; KOOS = Knee Injury and Osteoarthritis Outcome Score; MCS = mental component 
summary score; NRS = numeric rating scale; PASE = Physical Activity Score for the Elderly; PCS = physical 
component summary score; SF-12 = Medical Outcomes Study Short Form 12. 
† Statistically significant. 
‡ P values by chi-square test. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24173/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24173/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24173/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24173/abstract
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associations was somewhat attenuated when additionally 
adjusted for BMI and K/L grade, but they remained statistically 
significant except PASE (Table 3). In model 3, after additional 

adjustment for pain medication, the presence or absence of sev-
eral comorbidities, and the number of painful joints, the statistical 
analysis still revealed a statistically significant association between 

Figure 2.  Distribution of Knee Injury and Osteoarthritis Outcome Score (KOOS) pain (A and C) and NRS pain (B and D) of participants without 
and with diabetes mellitus in each Kellgren/Lawrence grade (KLG) stratum and body mass index (BMI) category, respectively. Box plots display 
the median, the 25th percentile, and the 75th percentile, including whiskers that represent the 5th percentile and the 95th percentile. Differences 
between participants with and without diabetes mellitus were analyzed using linear regression analysis and adjusted for age and sex. * = P < 0.05;  
** = P < 0.01; *** = P < 0.005; NRS = numeric rating scale.

Table 2.  Comorbidities and number of painful joints of Osteoarthritis Initiative participants with and without 
diabetes mellitus*

Participants 
without diabetes

Participants 
with diabetes

P†No. % No. %
Comorbidities

Ever treated for heart failure 2,264 1.81 200 5.5 0.001‡
Operation to unclog or bypass arteries in legs 2,273 0.84 202 1.98 0.104
Stroke, cerebrovascular accident, blood clot or 

bleeding in brain, or transient ischemic attack
2,253 2.89 200 6.5 0.005‡

Asthma 2,238 8.13 199 10.05 0.347
Emphysema, chronic bronchitis, or chronic 

obstructive lung disease
2,248 1.82 192 3.65 0.081

Stomach ulcers or peptic ulcer disease 2,230 2.15 199 5.03 0.011‡
Diabetes mellitus 2,279 0 202 100 <0.001‡
Problems with kidneys, poor kidney function 2,243 0.94 196 3.06 0.006‡
Rheumatoid arthritis or inflammatory arthritis – 0 – 0 –
Polymyalgia rheumatica – 0 – 0 –
Cirrhosis or serious liver damage 2,264 0.27 198 0.51 0.543
Cancer, leukemia, or lymphoma 2,250 3.91 199 7.54 0.015‡

Number of painful joints, median ± IQR 2,279 2 ± 3.00 202 2 ± 2.25 0.016‡
* IQR = interquartile range. 
† P values by chi-square test. 
‡ Statistically significant. 
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the presence of DM and KOOS pain (P = 0.005), SF-12 PCS, and 
SF-12 MCS (Table 3).

In sex-specific sensitivity analyses, the identified asso-
ciations between the presence of DM and pain and physical 
and mental health status remained in woman (see Supplemen-
tary Table 1, available on the Arthritis Care & Research website at 
http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.24173/​abstract). 
Some of these associations were not significant in men, likely 
reflecting the higher proportion of female participants (and asso-
ciated statistical power). However, a significant impact of DM on 
the activity-related KOOS pain score and the physical parameter 
SF-12 PCS was detected in both females and males (see Sup-
plementary Table 1, at http://onlin​elibr​ary.wiley.com/doi/10.1002/
acr.24173/​abstract).

DISCUSSION

This study explored, for the first time, whether knee pain sen-
sation and health status are worse in individuals with knee OA 
and DM, independently of age, sex, BMI, and radiographic status 
(K/L grade). The analysis revealed that individuals with OA and 
DM did in fact experience greater knee pain independent of BMI 
and K/L grade. Additionally, individuals with OA and DM had a 
worse physical and mental status compared to those without DM, 
independently of the above factors. The inclusion of additional 
possible confounders, such as other diagnosed comorbidities, 
painful joints, and pain medication, into the analysis confirms the 
association of DM and worse KOOS pain scores of knee joints in 
OA-affected individuals.

Our present analysis of a large cohort study extends previous 
data from small patient groups reporting the fact that DM increases 
joint pain in patients with hand and knee OA (6,11,12). But the pre-
vious reports on the impact of DM on pain sensation in OA (6,12) 
did not adjust for differences in K/L grade and BMI. Given that many 
individuals with DM are obese, with obesity as a risk factor of knee 
OA (4,20,31,32), and with radiographic knee OA being associated 

with knee pain (22,23), these studies were unable to resolve whether 
DM is an independent risk factor of knee OA pain.

The current study results of the unadjusted analysis showed 
a difference in the KOOS pain score between individuals with OA 
with and without DM that approached the previously reported 
clinically important difference of 8–10 points in the KOOS score 
(27). The beta values in the adjusted models suggest that this 
between-group difference is attenuated when adjusting for poten-
tial confounders. This finding is important to acknowledge when 
interpreting the findings of the current study. The current analy-
sis included 2,481 participants from the OAI, including subjects 
with K/L grade ≥1. Of these, 8.14% reported having DM, which 
approximately matches the prevalence of DM in the US at the time 
of participant recruitment (33).

One of the limitations of this cross-sectional analysis is that 
the OAI was not designed specifically to evaluate the relationship 
between DM and OA outcomes. Therefore, more detailed infor-
mation regarding DM disease history and blood serum analyses 
was not available. However, the self-reported presence of DM has 
a good concordance with medical record or physician diagnosis 
(34,35). While we attempted to control for potential confounders, 
there may be other variables not included in the OAI that affect the 
relationship between DM and pain. For example, we included the 
number of painful joints (such as finger, shoulder, and ankle) as a 
confounding factor, but the OAI holds no information about the 
presence of OA in these joints.

Individuals with OA and DM had a higher BMI and K/L grade 
score compared to controls without DM. Although BMI and K/L 
grade are both associated with knee pain, our results show that 
DM is an independent factor; there must be additional mecha-
nisms that render individuals with DM at risk of experiencing great 
knee pain. Potentially, DM adversely affects local factors around 
the knee or peripheral or central pain processing factors, such 
as central sensitization (17). Further, individuals with OA and DM 
have been shown to exhibit greater inflammation of synovial tis-
sue and higher concentrations of cytokines in the synovial fluid 

Table 3.  Association between the presence of diabetes mellitus and pain and physical and mental status using multivariate 
linear regression analysis*

Model 1 Model 2 Model 3

Beta (95% CI) P Beta (95% CI) P Beta (95% CI) P
KOOS pain –6.72 (–9.31, –4.13) <0.001† –4.72 (–7.22, –2.23) <0.001† –3.32 (–5.62, –1.02) 0.005†
NRS pain 0.66 (0.27, 1.05) 0.001† 0.42 (0.04, 0.80) 0.031† 0.24 (–0.11, 0.59) 0.179
PASE –14.52 (–25.34, –3.70) 0.009† –10.55 (–21.51, 0.41) 0.059 –9.70 (20.92, 1.52) 0.090
SF-12 PCS –4.88 (–6.15, –3.61) <0.001† –3.49 (–4.73, –2.25) <0.001† –2.63 (–3.81, –1.45) <0.001†
SF-12 MCS –1.58 (–2.71, –0.45) 0.006† –1.42 (–2.57, –0.26) 0.016† –1.19 (–2.36, –0.03) 0.045†
CES-D 1.49 (0.50, 2.48) 0.003† 1.08 (0.08, 2.08) 0.035† 0.73 (–0.28, 1.73) 0.156

* Model 1 was adjusted for age and sex; model 2 was adjusted for age, sex, body mass index (BMI), and Kellgren/Lawrence 
(K/L) grade for radiographic OA severity; model 3 was adjusted for age, sex, BMI, K/L grade, pain medication, comorbidities 
(including heart failure, bypass operation, stroke, asthma, lung diseases, stomach ulcers, problems with kidneys, liver 
diseases, and cancer), and the number of painful joints. 95% CI = 95% confidence interval; CES-D = Center for Epidemiologic 
Studies Depression Scale; KOOS = Knee Injury and Osteoarthritis Outcome Score; MCS = mental component summary 
score; NRS = numeric rating scale; PASE = Physical Activity Score for the Elderly; PCS = physical component summary score;  
SF-12 = Medical Outcomes Study Short Form 12. 
† Statistically significant. 
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compared to those without DM (6,12). Hyperglycemia may thus 
cause complications in peripheral tissues, including microvascu-
lar impairment, mitochondrial dysfunction, osmotic stress, release 
of proinflammatory cytokines, production of reactive oxygen spe-
cies, hypoxia, and others (15). These mechanisms may damage 
nerve fibers in peripheral tissues and lead to painful neuropathy. 
The mechanism of diabetic neuropathic pain is not fully under-
stood (36), but DM is known to cause alterations in nerve endings, 
including changes in voltage-gated sodium channel expression 
and phosphorylation (37), which may cause an abnormal activity of 
nociceptive fibers. Additionally, an increased level of methylglyoxal 
was reported in patients with DM with neuropathic pain, compared 
to either healthy controls or DM-affected individuals without 
pain (38). Methylglyoxal can depolarize nociceptive neurons, 
induce modifications of voltage-gated sodium channels (38), and 
activate neurons through transient receptor potential A1 ion chan-
nels (39).

Besides peripheral alterations, changes in the central ner
vous system have been described in patients with diabetic neu-
ropathic pain and in diabetic animal models (36). These changes  
include activation of microglia in the spinal cord as well as cen-
tral sensitization and structural changes in several areas of the 
brain (36,40). Further, obesity and DM may induce low-grade 
systemic inflammation characterized by increased C-reactive 
protein, circulating levels of IL-6 and TNF (14), endothelial dys-
function, and vascular inflammation (15,41). Adipose tissue is 
known to produce several proinflammatory mediators, including 
IL-1β, TNF, prostaglandin E2, and IL-6 (42), which are known 
to sensitize neurons (43). Additionally, intraarticular mediators 
released by the infrapatellar fat pad may adversely impact the 
cartilage and synovium, or activate intraarticular macrophages 
and leukocytes (21).

Beside BMI and OA severity, various parameters seem 
to have an influence on OA and OA pain. Some studies have 
reported that female subjects have an increased risk for OA in 
the general population (31) and particularly among DM patients 
(1). Concerning OA pain and function, studies have reported sex 
differences, with females having higher pain sensitivities and more 
impaired function compared to males (44). Our results showed an 
impact of DM in both females and males on the activity-related 
KOOS pain score and the physical parameter SF-12 PCS.

Several comorbidities, such as kidney problems, heart failure, 
and stroke are associated with DM (45–47), but whether these 
comorbidities have an impact on OA pain is unclear. In the cur-
rent study, the activity-related knee pain score was still significantly  
associated with DM, after inclusion of other diagnosed comorbidi
ties as confounding factors. Furthermore, there is evidence that 
depression and psychosocial factors have an influence on the 
pain experience of patients with OA (19), which was not consid-
ered in the presented study.

In summary, greater inflammation, alterations in nocicep-
tive neurons, diabetic neuropathy, and psychosocial factors may 

cause the presence of DM to result in more knee pain, indepen
dent of elevated BMI and radiographic OA status. In addition to  
OA knee pain, our current study shows that physical activities 
and mental health are negatively affected by DM, independent of 
greater BMI and K/L grade. Health-related quality of life is influ-
enced by multiple patient and disease factors (48). DM-related 
complications also frequently cause negative effects on physical 
and mental status (49).

The current study shows that the higher BMI and advanced 
OA status of the participants with DM do not explain the detected 
differences. The inclusion of pain medication and other diag-
nosed comorbidities as confounders has an effect on the asso-
ciation of DM with PASE and CES-D, but the SF-12 PCS and 
SF-12 MCS are still significantly associated with the presence 
of DM. Gore et al (2005) showed that the negative impact of a 
painful diabetic neuropathy on physical and mental health was 
higher in patients with greater pain severity (50). The greater pain 
sensation in patients with OA and DM could potentially cause 
the impaired physical and mental functioning, but mental and 
social factors could also affect the pain sensation. This cross-
connection between pain, physical and mental health status, 
and comorbidities should be further investigated. In conclusion, 
greater joint pain perceived by patients with OA and DM is inde-
pendent of greater BMI and radiographic severity. Given greater 
pain and worse physical and mental health status compared with 
patients with OA without DM at the same radiographic disease 
stage, patients with knee OA and DM require particular attention 
in preventing and managing knee OA.
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