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Diabetics show accelerated progression of knee cartilage and meniscal
lesions: data from the osteoarthritis initiative
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Abstract
Objective To investigate whether subjects with diabetes show accelerated knee joint structural degeneration over 4 years com-
pared to diabetes-free controls.
Materials and methods Two hundred forty-four participants with diabetes were selected from the Osteoarthritis Initiative cohort
and matched with 244 diabetes-free controls. 3.0-T MRI scans of the right knee were obtained at baseline and 4-year follow-up.
Evaluation of structural knee abnormalities was performed using the Whole-Organ Resonance Imaging Scoring system
(WORMS). Linear regression analysis was conducted to compare structural temporal changes in each compartment, as well as
the mean across all compartments by diabetes status.
Results Study groups were similar in age (63.0 vs. 63.3 years, p = 0.73), body mass index (31.5 vs. 31.0 kg/m2, p = 0.21), sex
(female 52.0 vs. 52.9%, p = 0.85) and radiographic Kellgren/Lawrence score distribution (p = 0.99). Structural degeneration was
significantly worse in the knees of diabetics with an increase in the overall WORMS sum score (delta WORMS [95% CI]: 4.87
[4.17, 5.57], vs. 3.23 [2.60, 3.85] p = 0.001). Moreover, diabetics showed a greater increase in cartilage lesions in the global knee
(p < 0.001), but also separately in the patella, lateral tibia, and both femoral compartments (lowest p value; p = 0.001).
Furthermore, diabetics showed also a greater increase in meniscus lesion score, in both the medial (p = 0.01) and lateral meniscus
(p = 0.01).
Conclusions Diabetics exhibited a significantly greater increase in cartilage andmeniscus lesions when compared to diabetes-free
controls over 4 years. Overall, our findings suggest that diabetics exhibit a stronger deterioration of knee structure and are
therefore potentially at higher risk for developing knee OA.
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Introduction

With a continuously rising incidence and prevalence, osteoar-
thritis (OA) has become one of the leading causes of muscu-
loskeletal disabilities in the elderly [1]. Early studies sug-
gested that OA was only a mechanical disease due to wear

and tear with joint overloading and local biomechanical in-
sults [2]. However, more recent work demonstrated that an
aberrant immunometabolism also plays a substantial key role
in the pathogenesis of OA [3]. Particularly, the influence of a
hyperglycemia-induced systemic inflammation has been re-
cently under investigation of being a potential risk factor with
impact on the progression of OA [4]. In hyaline cartilage, the
hyperglycemic environment was shown to initiate the accu-
mulation of advanced glycation products (AGEs) [5, 6], that
lead to an increased catabolic activity of chondrocytes [7] and
ultimately may accelerate cartilage degeneration in the joint of
diabetics. Moreover, the possible effects of this have been
shown in recent studies, furthering our understanding of a
potentially underlying relationship between diabetes mellitus
and OA: Exposed to the hyperglycemic environment, the ar-
ticular cartilage in diabetics was shown to be more soft and
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permeable [8], potentially indicating reduced biomechan-
ical properties, with a higher incidence for severe hip and
knee OA [9], and ultimately an increased risk of joint
arthroplasties [10]. Furthermore, a recent study using
MR-based quantitative compositional T2 relaxometry
measurements of the knee cartilage in diabetics showed
that having diabetes was associated with an accelerated
degeneration of the hyaline knee cartilage matrix compo-
sition [11]. While compositional MRI techniques are well
suited to visualize early changes in the usually slow turn-
over and synthesis of the cartilage matrix [12, 13], no
study has been done so far on assessing MRI structural
changes in the knee joints of diabetics using semi-
quantitative MRI scoring techniques. In particular
assessing the impact of diabetes on changes in knee struc-
tural beyond articular cartilage such as changes in the
subchondral bone, menisci, and ligamentous structures
would be of interest. We hypothesize that diabetics dem-
onstrate faster progression of knee structural abnormali-
ties compared with diabetes-free controls over a 4-year
follow-up period. Therefore, the purpose of our study
was to longitudinally investigate osteoarthritis-related
knee structural changes over 4 years in diabetics, using
semi-quantitative MRI scoring, and to determine if dia-
betics show accelerated tissue degeneration when com-
pared to diabetes-free controls.

Materials and methods

The osteoarthritis initiative database

All participants in this study were selected from the
Osteoarthritis Initiative (OAI) database, a multicenter co-
hort study of knee osteoarthritis, sponsored by the U.S.
National Institutes of Health (NIH) for investigating diag-
nosis, treatment, and prevention of OA. Starting in
February 2004 to May 2006 and completed as of
January 1, 2015, the longitudinal clinical and imaging
data of 4796 participants were collected over a 9-year
period at four clinical centers (University of Maryland,
Baltimore, Maryland; Memorial Hospital of Rhode
Island/Brown University, Pawtucket, Rhode Island; Ohio
State University, Columbus, Ohio; University of
Pittsburgh, Pittsburgh, Pennsylvania). The entire cohort
consists of an ethnically diverse group of women and
men aged 45–79 years who have knee OA, are at risk
for developing knee OA or have no known risk factors
for OA. Overall, the aim of the OAI was to establish a
public-domain research resource and to investigate the
scientific evaluation of biomarkers for OA as potential
surrogate endpoints for disease onset and its progression
( https://oai.epi-ucsf.org ).

Selection of participants from the OAI

Participants were eligible for inclusion if they had no or early
stage knee OA (grade 0–2; Kellgren-Lawrence (K/L) classifi-
cation of osteoarthritis) in the right knee at baseline, whereas,
participants with moderate to end-stage (K/L 3–4 or knee
replacement) OA in the right knee were excluded. Reasons
for the exclusion of participants with moderate to end-stage
OAwere to maintain a study cohort with allegedly sufficient
knee structure abnormalities that longitudinally potentially
worsen when exposed to a osteoarthritic risk factor.
Furthermore, we did choose the right knee as this is typically
the dominant knee and potentially at higher risk for degener-
ation and, moreover, as previously shown, focal lesion of the
knee of OAI participants were highly correlated between the
right and left knee [14]. All patients had to have complete
baseline data on sex, BMI, and age, as well as complete right
knee MRI scans available at baseline and the 48-month visit.
Exclusion criteria included a medical history of rheumatoid
arthritis or another inflammatory arthropathy. In the next step,
for all participants that fulfilled the criteria above, the medical
history from all visits within the first 4 years (baseline, 12-
month, 24-month, 36-month, and 48-month visits) was then
reviewed to identify participants with diabetes based on a self-
administered questionnaire that asked participants if a doctor
told them they had diabetes or high blood sugar [15] and the
use of insulins and antidiabetic agents reported on the pre-
scription medication inventory. In total, 244 participants with
diabetes fulfilled the selection criteria. Secondly, a diabetes-
free control group of equal size (244 controls) was selected
and matched in small strata based on age, sex, BMI, and K/L
score with the diabetic group. The strata were defined as fol-
lows: sex (male or female), K/L score (0–1 or 2), age (45–49,
50–54, 55–59, 60–64, 65–69, 70–74, 75–79) and BMI (2.5-
kg/m2 intervals from 17.5 to > 45.0). Figure 1 shows a flow
chart illustrating patient selection for this study.

Participants’ characteristics and medical history

For all participants that fulfilled the selection criteria,
Physical Activity Scale for the Elderly (PASE) data as well
as history of knee injury (knee ever injured so badly diffi-
cult to walk for at least 1 week) and knee surgery (incl.
arthroscopy, ligament repair, meniscectomy) were
collected.

Severe diabetes and diabetes-related complications

Participants with self-reported diabetes were categorized as
having a severe diabetic course if either diabetes-related organ
complications (diabetic retinopathy or diabetic nephropathy)
and/or treatment with insulin injections were reported [15].
Diabetics with no reported complication and no insulin
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medication on medical record were categorized as diabetics
without severe disease. In total, 99 participants from the dia-
betes group reported complications, of which nine (9.1%) re-
ported diabetic nephropathy, 45 (45.5%) reported diabetic ret-
inopathy, and 14 (14.1%) reported both nephropathy and ret-
inopathy complications. Furthermore, 58% (58.6%) reported
treatment with insulin.

MRI protocol and image analysis

All scans were acquired using 3.0-T MRI systems
(Siemens Magnetom Trio; Siemens Healthcare, Erlangen,
Germany) with quadrature transmit-receive coils (USA
Instruments, Aurora, OH, USA) at the four different OAI
clinical sites. For the morphological MRI analysis of the
knee, using the Whole-Organ Resonance Imaging Score
(WORMS), the following sequences from the MR imaging
protocol were used: a 3D dual echo steady-state (DESS)
gradient-echo with water excitation (WE) sequence obtain-
ed in the sagittal plane (16.3/4.7/25°, TR/TE/flip angle), a
3D T1-weighted fast low-angle shot (FLASH) gradient-
echo with WE sequence in a coronal plane (20/7.57/12°,
TR/TE/flip angle) and two 2D proton density/intermediate-
weighted sequences in a coronal plane (3700 ms/29 ms,
TR/TE) and in a sagittal plane (3200 ms/30 ms, TR/TE,
with fat suppression (FS)).

All readings were performed using the modified
WORMS scoring [16] independently by two radiologists

(JN and JBG) with 7 years of experience in musculoskeletal
imaging, both radiologists were blinded to the clinical infor-
mation and the diabetes status. ThemodifiedWORMSgrad-
ing has been described in detail in earlier studies [17–19].
Briefly, all incorporated features in the image analysis (ar-
ticular cartilage, bone marrow patterns, subarticular cysts,
ligaments, effusion, loose bodies, and popliteal cysts) were
assessed on a numeric scoring system, grading the severity
of morphological findings in ascending order. Cartilage in-
tegrity was assessed based on the extent of the joint cartilage
surface, area, depth or volume involved (graded 0–6).
Similarly, using size and extent, bonemarrow edema pattern
and subarticular cysts were graded 0–3. Structural lesions of
the anterior and poster crucial ligament (ACL, PCL), medial
and lateral collateral ligament (MCL, LCL), the patellar ten-
don and the popliteal tendon were graded from 0 to 4.
Lesions of the lateral and medial meniscus were further
subdivided into anterior, posterior horn, or body, and scored
separately based from 0 to 4. Finally, joint effusion, loose
bodies, and popliteal cysts were all graded from 0 to 3.

Statistical analysis

Statistical analysis was performed using STATA software
(Version 14, College Station, TX, USA: StataCorp LP) with
p < 0.05 being considered as statistically significant.
Demographic data between the study cohorts were assessed
using either Pearson’s χ2-test or independent t test as

Fig. 1 Selection of study
participants. Flow chart
illustrating patient selection for
the present study from the overall
OAI cohort. (BMI = body mass
index, K/L = radiographic
Kellgren/Lawrence score)
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appropriate. Linear regression models were used to assess the
differences between diabetics and diabetes-free controls in the
change over time of the modified WORMS features. All anal-
yses were adjusted for the common risk factors of knee OA
(age, sex, BMI), and K/L score. The participant demographics
in our study groups revealed a significantly higher percentage
of African American in the diabetes group. Due to important
racial differences in joint tissue markers [20], we also adjusted
for race.

For the inter- and intrareader reliability, the intraclass cor-
relation (ICC) estimates and their 95% confidence intervals
were calculated based on amean rating (k = 2), absolute agree-
ment, two-way mixed-effects model, where ICC values less
than 0.5 indicated poor reliability, values between 0.5 and
0.75 indicated moderate reliability, values between 0.75 and
0.9 indicated good reliability, and values greater than 0.90
indicated excellent reliability [21].

Results

Participant demographics

As shown in Table 1, both the diabetes and diabetes-free con-
trol group were well matched, with no significant differences

for age, sex, BMI, and K/L score (p > 0.20). With respect to
the racial distribution, the diabetic group showed a significant-
ly higher percentage of African Americans when compared to
the diabetes-free controls (p < 0.001). With respect to the
physical activity scores (PASE), the diabetic group was found
to have minimally lower PASE activity levels relative to con-
trols that, however, did not translate into a statistical difference
(p = 0.26). The history of knee injury as well as the history of
knee surgery showed no significant difference between the
two groups.

Cross-sectional analysis of WORMS findings
in diabetics and diabetes-free controls at study
enrollment

At the time of enrollment, the two age-, sex-, BMI-, and K/L
score-matched groups did not show significant differences
with respect to morphological abnormalities as measured by
WORMS sum and subscores. The overall WORMS score was
higher in participants with diabetes, as were the global carti-
lage andmeniscusWORMS scores but none of the differences
showed statistical significance. Table 2 shows the morpholog-
ical differences between diabetics and diabetes-free controls at
the time point of enrollment.

Table 1 Participant
demographics All (n = 488) Diabetics (n = 244) Diabetes-free

controls (n = 244)
p values

Demographics at baseline

Age (years) 63.14 ± 9.09 63.00 ± 8.97 63.28 ± 9.22 0.73

Body mass index
(kg/m2)

31.28 ± 4.54 31.54 ± 4.61 31.02 ± 4.47 0.20

Females [n (%)] / Males
[n (%)]

256 (52.5%) / 232
(47.5%)

127 (52.0%) / 117
(48.0%)

129 (52.9%) / 115
(47.1%)

0.85

Right knee
Kellgren–Lawrence

0.99

Grade 0 [n (%)] 198 (40.6%) 99 (40.6%) 99 (40.6%)

Grade 1 [n (%)] 117 (24.0%) 59 (24.2%) 58 (23.8%)

Grade 2 [n (%)] 173 (35.4%) 86 (35.2%) 87 (35.7%)

PASE 148.77 ± 82.11 144.59 ± 80.41 152.95 ± 83.73 0.26

History of knee injury [n
(%)]

179 (33.7%) 91 (37.3%) 88 (36.1%) 0.75

History of knee surgery
[n (%)]

64 (13.1%) 35 (14.3%) 29 (11.9%) 0.46

Racial composition < 0.001

Caucasian [n (%)] 350 (71.7%) 146 (59.8%) 204 (83.6%)

African American [n
(%)]

122 (25.0%) 87 (35.7%) 35 (14.3%)

Asian [n (%)] 6 (1.2%) 5 (2.0%) 1 (0.4%)

Other non-white [n (%)] 10 (2.0%) 6 (2.5%) 4 (1.6%)

The table shows the participant demographics at baseline. Continues data are expressed as mean ± SD.
Categorical data are presented in numbers of participants with percentage in parentheses. P values listed in the
right column refer to the differences between diabetics and diabetes-free controls and were calculated using either
Pearson’s χ2-test or independent-samples t test as appropriate

922 Skeletal Radiol (2019) 48:919–930



Longitudinal, structural changes in diabetics
and diabetes-free controls over 48 months

Table 3 shows the longitudinal change in morphological knee
abnormalities by group. Participants in the diabetes group
showed a significantly higher increase in the overall
WORMS score when compared to diabetes-free controls (in-
crease in WORMS [95% CI]: 4.87 [4.17, 5.57] vs. 3.23 [2.60,
3.85], p = 0.001 for comparing changes).

The results were consistent with the findings of the cartilage
lesion subscores. The mean increase in the WORMS cartilage
subscores was more pronounced in diabetics not only for the
global WORMS cartilage knee score but also for every single
compartment cartilage score (Figs. 2 and 3).Moreover, changes
were significantly greater for the global WORMS cartilage
score (p < 0.001), patella (p = 0.005), lateral tibia (p = 0.03),
and both femoral compartments (lowest p value; p = 0.001).

When looking at compartments separately, the differences
between the two groups were most prominent in the patella
(0.60 [0.48, 0.73] diabetics vs. 0.35 [0.24, 0.45] diabetes-free
controls, p = 0.005) and both femoral compartments (lateral:
0.43 [0.30,0.55] vs. 0.18 [0.11, 0.25], p = 0.001; medial: 0.45
[0.33, 0.57] vs. 0.24 [0.13, 0.34], p = 0.01).

A significantly greater increase was also found for the
diabetics with respect to the WORMS meniscus subscores
(Fig. 4). For changes in the meniscus subscores, a significantly
higher increase for WORMS meniscus subscores was ob-
served for diabetics in the global WORMS meniscus score
(p = 0.001) but also separately for the medial (p = 0.01) and
lateral (p = 0.01) meniscus.

Changes in the adjacent bone, including bone marrow ede-
ma pattern and subarticular cysts, as well as changes for liga-
mentous lesions, effusion and popliteal cysts were not signif-
icantly different between the two groups.

Longitudinal, structural changes in severe diabetics
and diabetes-free controls over 48 months

Similar to the findings in Table 3, the subanalysis of diabetics
with severe disease showed a significantly greater increase in
the overall WORMS score when compared to diabetes-free
controls. The differences were even greater than in the overall
diabetes cohort (increase in WORMS [95% CI]: 5.83 [4.52,
7.14] vs. 3.21 [2.60, 3.82], p < 0.001).

Diabetics with severe disease showed a significantly great-
er increase in the global WORMS cartilage score (p < 0.001)

Table 2 WORMS – Cross-
sectional differences of WORMS
findings in diabetics and diabetes-
free controls at baseline

Baseline WORMS
parameters

Diabetics Diabetes-free controls p values

Adjusted
means

[95% CI] Adjusted
means

[95% CI]

Overall

WORMS overall sum
score

11.60 [10.54, 12.66] 11.35 [10.29, 12.40] 0.73

Cartilage

Global sum score 5.53 [4.96, 6.11] 5.43 [4.88, 5.98] 0.79

Patella 2.20 [1.95, 2.45] 2.13 [1.90, 2.36] 0.68

Trochlea 1.62 [1.41, 1.83] 1.57 [1.35, 1.80] 0.77

Medial tibia 0.16 [0.08, 0.23] 0.15 [0.07,0.24] 0.97

Lateral tibia 0.52 [0.39, 0.65] 0.52 [0.38, 0.66] 0.98

Medial femur 0.63 [0.49, 0.76] 0.70 [0.55, 0.86] 0.45

Lateral femur 0.41 [0.29, 0.53] 0.36 [0.24, 0.48] 0.59

Meniscus

Meniscus sum score 1.95 [1.66, 2.23] 1.66 [1.38, 1.94] 0.17

Medial meniscus 1.08 [0.90, 1.26] 0.92 [0.77, 1.08] 0.19

Lateral meniscus 0.87 [0.66, 1.07] 0.74 [0.53, 0.95] 0.41

Other parameters

Global BME score 1.73 [1.49, 1.96] 1.93 [1.68, 2.19] 0.24

Global subarticular cyst
score

1.32 [1.13, 1.52] 1.22 [0.99, 1.45] 0.53

Global ligament score 0.36 [0.23, 0.50] 0.43 [0.28, 0.59] 0.53

Effusion 0.20 [0.14, 0.26] 0.15 [0.10, 0.20] 0.22

Popliteal cyst 0.50 [0.41, 0.59] 0.45 [0.35, 0.55] 0.42

Data are given as adjusted means, corrected for race, age, sex, baseline BMI, baseline K/L score, with [95%
confidence intervals] and computed as the numerical means for both groups at baseline
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when compared to diabetes-free controls. Furthermore, a
higher increase was again seen in all separate cartilage com-
partments with significantly higher values in the patella (p =

0.01), medial femur (p = 0.004), and lateral femur (p = 0.002).
Among the different compartments, the lateral femur in dia-
betics with severe disease showed the highest difference com-
pared with the diabetes-free control group (0.61 [0.35, 0.87]
vs. 0.18 [0.10, 0.25], p = 0.002).

Additionally, diabetics with severe disease showed a sig-
nificantly greater increase for the global WORMS meniscus
score (p = 0.004) as well as lateral meniscus (p = 0.01) relative
to diabetes-free controls. Changes in the medial meniscus
were higher as well but did not reach statistical significance
(p = 0.06). Changes for bone marrow edema pattern,
subarticular cysts, ligaments, effusion, and popliteal cysts
were not significantly different between the two groups.

When comparing diabetics with severe disease to diabetics
with non-severe disease (Table 4), the latter showed on aver-
age a slower mean rate of change but the differences were
overall not significant.

Longitudinal, structural changes in non-severe
diabetics and diabetes-free controls over 48 months

Comparing participants with non-severe diabetes and
diabetes-free controls, the longitudinal increase of overall

Table 3 WORMS – Longitudinal
changes of WORMS findings in
diabetics and diabetes-free
controls over 48 months

Changes in WORMS
parameters

Diabetics Diabetes-free controls p values

Adjusted
means

[95% CI] Adjusted
means

[95% CI]

Overall

WORMS overall sum score 4.87 [4.17, 5.57] 3.23 [2.60, 3.85] 0.001

Cartilage

Global sum score 2.57 [2.22, 2.93] 1.52 [1.23, 1.82] < 0.001

Patella 0.60 [0.48, 0.73] 0.35 [0.24, 0.45] 0.005

Trochlea 0.53 [0.38, 0.68] 0.38 [0.27, 0.50] 0.14

Medial tibia 0.24 [0.14, 0.34] 0.19 [0.09, 0.29] 0.42

Lateral tibia 0.32 [0.22, 0.43] 0.18 [0.11, 0.26] 0.03

Medial femur 0.45 [0.33, 0.57] 0.24 [0.13, 0.34] 0.01

Lateral femur 0.43 [0.30, 0.55] 0.18 [0.11, 0.25] 0.001

Meniscus

Meniscus sum score 1.26 [0.97, 1.54] 0.62 [0.37, 0.87] 0.001

Medial meniscus 0.71 [0.52, 0.91] 0.37 [0.20, 0.55] 0.01

Lateral meniscus 0.54 [0.36, 0.72] 0.25 [0.10, 0.40] 0.01

Other parameters

Global BME score 0.49 [0.28, 0.69] 0.53 [0.35, 0.71] 0.75

Global subarticular cyst
score

0.27 [0.11, 0.43] 0.36 [0.20, 0.52] 0.45

Global ligament score 0.11 [0.00, 0.21] 0.02 [− 0.06, 0.11] 0.28

Effusion 0.13 [0.05, 0.21] 0.08 [0.01, 0.15] 0.40

Popliteal cyst 0.02 [0.04,0.09] 0.03 [− 0.06, 0.12] 0.88

Data are given as adjusted means, corrected for race, age, sex, baseline BMI, baseline K/L score, with [95%
confidence intervals] and computed as the absolute change between baseline and 48 months. P values showing
statistical significance (< 0.05) are in bold

Fig. 2 Right knee of a 67-year-old woman with diabetes. An
intermediate-weighted (IW) sequence in the sagittal plane with fat
suppression of the posterior aspect of the lateral femur at baseline (a)
and at 48-month follow-up are shown (b). The posterior aspect of the
lateral femoral condyle at baseline shows no visible cartilage defect,
whereas the follow-up MRI shows a newly developed large full-
thickness defect (white arrowheads). Additionally, small cystic lesions
and bone marrow lesions are visible in the subchondral bone right under-
neath the cartilage defect. There is also increased joint fluid. Also
note pre-existing meniscal degenerative changes and thinning of the tibial
cartilage
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WORMS score was significantly higher for the non-severe
diabetes (4.39 [3.53, 5.25] vs. 3.24 [2.63, 3.86], p = 0.03).
Similar to that, the increase was also greater for all separate
cartilage compartments with significantly higher values for
the patella (p = 0.03), lateral femur (p = 0.002) as well as for
the global WORMS cartilage score (p = 0.002). A significant-
ly greater increase for the global WORMS meniscus score
(p = 0.02) was also observed for non-severe diabetics when
compared to diabetes-free controls. The separate analysis of
the medial and lateral meniscus compartment did also show a
higher increase but did not translate into statistical signifi-
cance (p = 0.05 and p = 0.13, respectively). In accordance
with the other group comparisons, changes for bone marrow
edema pattern and subarticular cysts were not significantly
different between non-severe diabetics and diabetes-free

controls. Table 5 shows the longitudinal changes of
WORMS findings in non-severe-diabetics and diabetes-free
controls over 48 months.

Inter-/Intrareader reproducibility for WORMS
gradings

The ICCs for interobserver agreement were 0.97 (95% CI:
0.95, 0.98) for WORMS cartilage, 0.97 (95% CI: 0.95, 0.98)
for WORMSmenisci, 0.95 (95% CI: 0.92, 0.97) for WORMS
ligaments, 0.82 (95% CI: 0.71, 0.88) for WORMS bone mar-
row edema pattern, 0.96 (95% CI: 0.94, 0.97) for WORMS
subarticular cyst, and 0.75 (95% CI: 0.52, 0.86) for WORMS
effusion, loose bodies, and popliteal cysts.

Fig. 3 Baseline and follow-up
knee MRI showing a sagittal IW
(a, c) and DESS sequence (b, d)
with fat suppression, of a 73-year-
old male diabetic. At baseline, a
partial-thickness defect in the
weight-bearing area of the lateral
tibia is shown, accompanied by a
large bone marrow lesion in the
lateral tibia (a, white arrowhead;
b hollow white arrowhead). In the
follow-up images at 48 months,
the defect has progressed into a
full-thickness defect (c and d,
white arrowheads). Also note the
development of a large, well-
defined subchondral cystic lesion
underneath the full-thickness
defect (c, d, white arrow)

Fig. 4 MRI of the right knee of a 62-year-old man with diabetes with
coronal PD-weighted sequences without fat suppression at baseline (a)
and 48-month follow-up (b). The baseline study (a) shows a normal
medial meniscus without any intrasubstance abnormalities. In the 48-

month follow-up study (b), meniscal extrusion with a newly developed
multidirectional medial meniscus tear are shown (b, white arrowhead).
Furthermore, cartilage thinning in the center of the medial tibia is dem-
onstrated in the 48-month follow-up scan (hollow white arrowhead)
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The ICCs for intraobserver agreement were 0.99 (95% CI:
0.98, 0.99) and 0.99 (95% CI: 0.99, JBG 0.99) for WORMS
cartilage, 0.96 (95% CI: 0.94, 0.97) and 0.96 (95% CI: 0.94,
0.97) for WORMS menisci, 0.95 (95% CI: 0.92, 0.97) and
0.96 (95% CI: 0.94, 0.97) for WORMS ligaments, 0.98
(95% CI: 0.97, 0.98) and 0.98 (95% CI: 0.97, 0.98) for
WORMS bone marrow edema pattern, 0.98 (95% CI: 0.97,
0.99) and 0.85 (95% CI: 0.72, 0.91) for WORMS subarticular
cyst, and 0.90 (95% CI: 0.81, 0.94) and 0.74 (95% CI: 0.52,
0.86) for WORMS effusion, loose bodies, and popliteal cysts.

Discussion

Our study investigated cross-sectional and longitudinal changes
in knee structural abnormalities in diabetics using semi-
quantitative knee MRI scoring and compared them to diabetes-
free controls. We found that within 4 years of follow-up, dia-
betics exhibited a significantly greater increase in cartilage and
meniscus lesions. In analyses stratified by diabetes severity, we
found an even greater deterioration of knee structures in

diabeticswithmore severe diabetes as documented by treatment
with insulin andpresence of diabetic renal andophthalmological
complications. The results of our study show that diabetics ex-
hibit a stronger deterioration of knee structure and are therefore
potentially at higher risk for developing knee OA.

OA and diabetes are both common and costly chronic dis-
eases, presenting a challenge for today’s health care system
and interfere with the quality of life of patients suffering from
these diseases [22]. Recent studies have suggested a potential
underlying relationship of these diseases [6, 7, 9, 23, 24] and
indicated that diabetes may be a risk factor for the develop-
ment of OA. Based on epidemiological and experimental data,
Berenbaum proposed that diabetes might be an independent
risk factor for osteoarthritis and, moreover, that the identifica-
tion of diabetes as a risk factor would have substantial impact
on prevention of OA initiation and progression [4]. This state-
ment is strengthened by the fact that there is still no known
cure and no proven pharmacologic intervention available to
the general population to treat OA [25, 26] and therefore the
identification of potential risk factors would be the closest step
to slow down or even prevent the onset of OA.

Table 4 WORMS – Longitudinal changes of WORMS findings in severe diabetics, non-severe diabetics, and diabetes-free controls over 48 months

Changes in WORMS parameters Severe diabetics Diabetes-free controls p values* Non-severe diabetics

Adjusted means [95% CI] Adjusted means [95% CI] Adjusted means
[95% CI]

p values**

Overall

WORMS overall sum score 5.83 [4.52, 7.14] 3.21 [2.60, 3.82] <0.001 4.21 [3.33, 5.09] 0.06

Cartilage

Global sum score 3.01 [2.34, 3.69] 1.50 [1.21, 1.78] <0.001 2.34 [1.93, 2.75] 0.12

Patella 0.70 [0.46, 0.94] 0.34 [0.24, 0.45] 0.011 0.57 [0.41, 0.72] 0.55

Trochlea 0.49 [0.27, 0.70] 0.40 [0.28, 0.51] 0.450 0.54 [0.35, 0.73] 0.81

Medial tibia 0.32 [0.14, 0.50] 0.18 [0.08, 0.28] 0.180 0.20 [0.08, 0.32] 0.26

Lateral tibia 0.35 [0.17, 0.52] 0.18 [0.11, 0.25] 0.077 0.33 [0.17, 0.50] 0.94

Medial femur 0.55 [0.35, 0.75] 0.22 [0.12, 0.33] 0.004 0.38 [0.24, 0.52] 0.13

Lateral femur 0.61 [0.35, 0.87] 0.18 [0.10, 0.25] 0.002 0.31[0.17, 0.45] 0.09

Meniscus

Meniscus sum score 1.50 [0.99, 2.01] 0.63 [0.39, 0.87] 0.004 1.02 [0.70, 1.34] 0.11

Medial meniscus 0.75 [0.43, 1.08] 0.39 [0.22, 0.56] 0.062 0.61 [0.39, 0.83] 0.36

Lateral meniscus 0.74 [0.41, 1.08] 0.24 [0.10, 0.39] 0.011 0.41 [0.17, 0.64] 0.15

Other parameters

Global BME score 0.67 [0.34, 1.00] 0.53 [0.36, 0.71] 0.443 0.37 [0.11, 0.63] 0.21

Global subarticular cyst score 0.29 [0.07, 0.51] 0.36 [0.20, 0.52] 0.624 0.26 [0.04, 0.48] 0.79

Global ligament score 0.11 [− 0.01, 0.23] 0.03 [− 0.05, 0.11] 0.314 0.10 [− 0.02, 0.22] 0.99

Effusion 0.20 [0.09, 0.31] 0.08 [0.01, 0.15] 0.106 0.08 [− 0.03, 0.19] 0.12

Popliteal cyst 0.02 [− 0.06, 0.09] 0.03 [− 0.06, 0.11] 0.874 0.03 [− 0.07, 0.13] 0.45

Data are given as adjusted means, corrected for race, age, sex, baseline BMI, baseline K/L score, with [95% confidence intervals] and computed as the
absolute change between the 48 months and the baseline. P values showing statistical significance (<0.05) are shown in bold characters

* = p values indicate differences between severe diabetics and diabetes-free controls; The column on the far right shows the adjusted means for diabetics
without severe disease and **p values indicate the differences when compared to diabetics with severe disease
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Targeting obesity as a long-time known contributor to the
risk profile of OA patients, it has been recently demonstrated
how the identification and optimization of risk factors can be a
tipping point for the treatment and prevention of OA. It has
been clearly demonstrated that obesity is associated with a
higher prevalence and severity of knee OA but also with pro-
gression of cartilage lesions [27]. In this context, by focusing
onweight loss in obese and overweight subjects, Gersing et al.
were able to show that weight loss significantly decreased
progression of cartilage structural and compositional degener-
ation [17, 28]. These studies show well how the usually irre-
versible progress of joint destruction could be potentially
prevented by identifying patients that are at risk, addressing
the risk factors and ultimately improving the quality of life of
individuals who are affected by this disease. Therefore, a fur-
ther understanding of how other risk factors, such as diabetes,
potentially may be involved in the degenerative process of OA
will be of substantial help to understand OA and, moreover,
contribute to developing effective treatment and preventive
strategies.

To date, several studies have already advanced our under-
standing of the relationship between OA and diabetes [6, 7, 9,

23, 24] but none of these studies investigated the longitudinal
change of structural abnormalities using MRI. While some
studies were able to show that diabetes is associated with a
higher likelihood of receiving joint arthroplasties [9] and also
is a predictor of joint space reduction [23], other studies point-
ed out an altered cartilage composition, leading to possibly
decreased biomechanical stability [7, 24, 29]. In the latter
studies, the focus was set on the overproduction and accumu-
lation of AGEs [30]. Triggered by an hyperglycemic environ-
ment, AGE-associated altered tensile properties of the hyaline
cartilage may result in an increased cartilage stiffness and
fragility [29]; thus ultimately the cartilage may become in-
creasingly prone to damage and degeneration. The results in
our current study support this observation. When compared to
diabetes-free controls, we found diabetics to exhibit a higher
rate of degradation. Using MRI-based semi-quantitative scor-
ing of structural knee abnormalities our results showed that
diabetics have a significantly higher increase in cartilage le-
sions over 4 years when compared to diabetes-free controls.
These differences were also demonstrated in our subanalysis of
severe and non-severe diabetics. Both diabetes groups separate-
ly showed worse WORMS scores when compared to the

Table 5 WORMS – Longitudinal
changes of WORMS findings in
non-severe-diabetics and
diabetes-free controls over
48 months

Changes in WORMS
parameters

Non-severe diabetics Diabetes-free controls p values*

Adjusted
means

[95% CI] Adjusted
means

[95% CI]

Overall

WORMS overall sum
score

4.39 [3.53, 5.25] 3.24 [2.63, 3.86] 0.036

Cartilage

Global sum score 2.33 [1.94, 2.73] 1.52 [1.23, 1.81] 0.002

Patella 0.56 [0.40, 0.71] 0.35 [0.24, 0.45] 0.035

Trochlea 0.54 [0.34, 0.74] 0.38 [0.27, 0.50] 0.208

Medial tibia 0.20 [0.08, 0.33] 0.18 [0.08, 0.28] 0.795

Lateral tibia 0.30 [0.16, 0.45] 0.18 [0.11, 0.25] 0.145

Medial femur 0.39 [0.25, 0.53] 0.24 [0.14, 0.34] 0.107

Lateral femur 0.61 [0.35, 0.87] 0.18 [0.10, 0.25] 0.002

Meniscus

Meniscus sum score 1.13 [0.79, 1.47] 0.64 [0.39, 0.88] 0.022

Medial meniscus 0.69 [0.45, 0.93] 0.39 [0.22, 0.56] 0.053

Lateral meniscus 0.44 [0.22, 0.66] 0.25 [0.10, 0.40] 0.134

Other parameters

Global BME score 0.39 [0.13, 0.66] 0.52 [0.34, 0.70] 0.463

Global subarticular cyst
score

0.26 [0.04, 0.49] 0.36 [0.21, 0.52] 0.496

Global ligament score 0.11 [− 0.02, 0.24] 0.03 [−.005, 0.11] 0.345

Effusion 0.10 [0.01, 0.21] 0.09 [0.016, 0.16] 0.901

Popliteal cyst 0.04 [− 0.06, 0.14] 0.03 [− 0.05, 0.12] 0.891

Data are given as adjusted means, corrected for race, age, sex, baseline BMI, baseline K/L score, with [95%
confidence intervals] and computed as the absolute change between 48 months and baseline. P values showing
statistical significance (< 0.05) are shown in bold characters
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diabetes-free control group, whereas, the differences were
overall more pronounced in the diabetics with severe dis-
ease compared to the diabetes-free controls, indicating that
the severity of the diabetic disease correlates with an ac-
celerated deterioration of the cartilage. Additionally,
severe-diabetics showed also a higher increase in
WORMS lesions when compared to diabetics without se-
vere disease. However, these results did not show statisti-
cally difference, indicating that the main difference of our
results is not driven by severe diabetes alone.

In addition to the greater increase in cartilage lesions in
diabetic participants, our results also revealed a greater
increase in meniscus lesions, which were again most prom-
inent in severe diabetics. To the best of our knowledge,
these results have not been shown in previous studies. A
previous study investigating the potential effect of insulin-
like growth factor I (IGF-I) in promoting regeneration of
meniscal tissue, Tumia et al. were able to show that
fibrochondrocytes in meniscal tissue have the ability to
regenerate when exposed to IGF-I [31], however, in pa-
tients with diabetes the physiological growth hormone
(GH) and insulin-like growth factor (IGF) axis are
disrupted, resulting in decreased IGF-1 levels [32] in pa-
tients younger than 65 years. Therefore, the decreased bio-
availability of IGF-1 in diabetics may lead to an impaired
regeneration of the meniscal tissue and ultimately making
diabetics more susceptible to developing meniscal lesions.
Although this potentially explains our findings of in-
creased temporal alterations in menisci of diabetics, the
deterioration of the cartilage and menisci could also result
from a direct impact of these two joint structures onto each
other: meniscal damage could occur along with the carti-
lage breakdown due to mechanical tearing or vice versa.
Both abnormalities have been shown to substantially con-
tribute to narrowing of joint space [33]. However, to which
extent both abnormalities affect each other still remains to
be determined.

Interestingly, changes in the adjacent bone, such as bone
marrow edema pattern and subarticular cysts, were not sig-
nificantly different between diabetics and diabetes-free
controls in our study. For bone marrow lesions, a positive
correlation with the severe and accelerated cartilage degen-
eration is generally expected [34, 35] and the presence of
bone marrow lesions also strongly predict the incidence of
subarticular cysts [36]. Since studies suggest that bone
marrow lesions are most probably reflecting increased tis-
sue vascularity accompanying increased remodeling activ-
ity [37] our results may be explained by the fact, that dia-
betics present with a vascular rarefaction which ultimately
also affects the bone marrow remodeling through a short-
age of vascular regenerative cells [38] and therefore possi-
bly antagonizes the expected changes in the adjacent bone
when cartilage damage occurs.

We acknowledge that this study has several limitations.
Firstly, the definition of severity in our study is based on
self-reported diabetes related complications and the medica-
tion history. No information on diabetes duration and on lab-
oratory markers that measure long-term blood glucose levels
(HbA1c) is available in the OAI. This information would have
been helpful to assess the quality of each participant’s diabetes
management. Secondly, the diabetics in our study cohort were
on average obese with a BMI of greater than 30 kg/m2. When
studying the effects of diabetes in an overweight cohort, it is
important to look at the effects of diabetes independently from
BMI. In order to do this, we not only matched our groups for
BMI but also adjusted our analysis for BMI. Thirdly, no in-
formation on the age at diagnosis of diabetes was available in
the OAI database. However, we ensured that all of our partic-
ipants with diabetes maintained their diabetes for the complete
study as well as that the diabetes-free controls were free of
self-reported diabetes over the entire follow-up period.
Finally, no information on the subtype of diabetes (type 1 or
2) is available in the OAI. However, due to the average age of
all our participants of being older than 63 years, it is expected
that the majority of patients had type 2 diabetes since this
diabetes subtype accounts for about 90% of all diagnosed
cases of diabetes mellitus in this age range [39].

In conclusion, we were able to show that when compared
to diabetes-free controls, diabetics showed a significantly
higher increase of structural abnormalities with respect to car-
tilage and meniscus lesions over a time period of 4 years. Both
effects were even more prominent in diabetics with severe
diabetes disease. Our results suggest, that diabetics are at
higher risk of developing OA through accelerated cartilagi-
nous and meniscal breakdown.
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