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ABSTRACT
BACKGROUND Limited joint mobility (LJM) is the most common joint-related 
complications in patients with diabetes mellitus (DM) and indicates the presence of 
microvascular complications. This study aimed to assess the frequency of LJM among 
adolescents with type 1 DM (T1DM), its risk factors, and the other microangiopathies.

METHODS In this cross-sectional study, 75 patients (adolescents between 10 and 17 
years old) with T1DM were assessed for hand joint mobility using a prayer sign test. It 
was carried out from January 15 to June 1, 2022 in Baghdad city, Iraq. The patients’ height, 
body mass index, blood pressure, glycated hemoglobin, and low-density lipoprotein 
(LDL) were recorded. Only 44 subjects were screened for diabetic nephropathy and 
64 for diabetic retinopathy based on the eligibility criteria by the American Diabetes 
Association guidelines.

RESULTS Mean age was 13.60 (1.85) years, with a mean diabetes duration of 5.61 (2.87) 
years. LJM was found in 18 patients (24%). It was associated with a longer duration 
of diabetes (p<0.001), high LDL level (p = 0.012), diabetic nephropathy (p = 0.04), and 
diabetic retinopathy (p<0.001).

CONCLUSIONS The proportion of LJM was high among adolescents with T1DM, 
especially in those with a long duration of DM. It was associated with high LDL levels 
and diabetic microangiopathies (nephropathy and retinopathy).
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Limited joint mobility (LJM), also known as diabetic 
cheiroarthropathy, is characterized by hand stiffening 
caused by flexion contractures of the fingers as well 
as thickened, waxy, and tight skin.1 It is listed as the 
most common joint-related complications in diabetic 
patients.2 Type 1 diabetes mellitus (T1DM) children 
may develop LJM as early as a few months after the 
onset of the disease,2 and the prevalence reaches 
a peak at 65% after 30 years of onset.3 The distal and 
proximal interphalangeal joints are the first joints 
affected by LJM before the disease involves the 

metacarpophalangeal joints.1 It can be classified into 
mild, moderate, and severe based on the number and 
type of joints involved. The disease progresses from 
mild to moderate to severe in 3 months to 4 years, with 
an average of 2 years.4 Most patients are completely 
asymptomatic in the early stages.1

Skin fibrosis and a connective tissue elasticity 
loss that results in joint deformity are caused by 
nonenzymatic glycation of collagen, which renders 
it resistant to the actions of collagenase enzyme. 
These changes are linked to the duration of poor 
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glycemic control and microvascular complications,5 
and it might be a warning sign for the presence of 
other complications.2 In a large study that involved 
309 subjects aged 1–28 years, a positive association 
was found between the severity of joint limitation 
and diabetic microvascular complications.6 LJM was 
also linked to retinopathy and proteinuria in diabetic 
children.7

Despite its association with microvascular 
complications of T1DM, less attention is paid to LJM. 
According to our knowledge, this was the first study 
in Iraq that highlighted LJM in T1DM adolescents. This 
study aimed to assess the frequency of LJM among 
adolescents with T1DM, its risk factors, and the other 
microangiopathies.

METHODS

This cross-sectional study was carried out from 
January 15 to June 1, 2022 in 75 diabetic patients who 
attended the Pediatrics Clinic of the National Diabetic 
Center of Al-Mustansiriyah University and the Pediatric 
Endocrinology Clinic at the Central Child Teaching 
Hospital in Baghdad city for follow-up. Any patient 
who attended the clinics during the study period and 
met the inclusion and exclusion criteria was included 
in this study. This study was conducted following the 
Declaration of Helsinki and was approved by the Ethical 
Committee of Al-Mustansiriyah University (IRB 1/2022 
on January 2, 2022). Informed consent was obtained 
from every subject and their parents before being 
included in the study.

Inclusion criteria were T1DM patients, aged 
≥10–17 years, and duration of DM ≥2 years. Patients 
with previous hand surgery or trauma, carpal tunnel 
syndromes, Dupuytren’s contractures, tenosynovitis, 
scleroderma, or other deformities, whether diabetes-
related complications or not, were excluded from this 
study. Data regarding age, sex, duration of diabetes, 
and daily insulin dose were achieved through a face-
to-face interview with the patients in the presence of 
their parents. The weight and height measurements 
were taken while the subjects had light clothes 
and no shoes. The height Z-score was calculated 
following Center of Disease Control and Prevention 
(CDC) charts by an anthropometric calculator and 
categorized as tall (>+2 standard deviation [SD]), 
short (<−2 SD), or normal (−2 SD–+2 SD).⁸,⁹ Body mass 
index (BMI) was plotted on CDC charts to achieve 

the percentile, categorized as underweight (<5th 
percentile), normal weight (≥5th–<85th percentile), and 
overweight or obese (≥85th percentile).10

During a relaxed seated position after 5 min of 
rest, a conventional mercury sphygmomanometer 
with appropriate cuff sizes was used to check the 
blood pressure (BP), with a second visit rechecking 
only if the initial measurement yielded abnormal 
high BP measurement. The average of these BP 
values was analyzed. BP tables were used to achieve 
the BP percentile. Patients were considered either 
normotensive (both systolic and diastolic BP <90th 
percentile), prehypertensive (BP between the 90th 
and 95th percentile), or hypertensive (systolic and/or 
diastolic BP ≥95th percentile).11

The same examiner used the Rosenbloom method 
on the prayer sign test to evaluate hand joint mobility 
for all patients without assessing its severity.12 The 
patients were instructed to put both hands in a praying 
position with the fingers fanned and press the palmar 
surface of the interphalangeal joints and the palm 
together while the wrists were in a flexed position. If 
they failed to entirely approximate the palmar surface 
(a positive prayer sign), the examiner intervened by 
passively extending the fingers. Patients who showed 
a positive prayer sign after the examiner intervened 
were considered to have LJM.13

The glycemic control was evaluated by the mean of 
3 to 4 values of glycated hemoglobin (HbA1c) using ion-
exchange high-performance liquid chromatography, 
which were done every 3 months within a year before 
the study, and the mean was added in the analysis. A 
12-hour overnight fasting serum sample was used to 
determine the low-density lipoprotein (LDL) levels by 
enzymatic colorimetric method. For children with DM, 
LDL cholesterol ≥100 mg/dl was considered high.14

From 75 patients, only 44 were screened for 
diabetic nephropathy and 64 for diabetic retinopathy 
since not all patients were eligible, as recommended 
by the American Diabetes Association guidelines. The 
diabetic nephropathy criterion was annual screening 
for albuminuria with a random spot urine sample 
for albumin-to-creatinine ratio (ACR) at puberty or 
aged >10 years, whichever was earlier, once the child 
had had diabetes for 5 years. Meanwhile, diabetic 
retinopathy included the first ophthalmologic 
examination that should be obtained once the child is 
≥10 years of age and had had diabetes for 3–5 years.15 
Nephropathy was documented if, within 3–6 months, 
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two out of three early morning spot urine ACRs were 
high (>30 mcg/mg),16 while the presence of diabetic 
retinopathy depended on fundoscopic examinations 
by ophthalmologists.

Statistical analysis was done using SPSS software 
version 27 (IBM Corp., USA). Comparisons between 
groups were performed using the student's t-test, 
while associations between categorical variables were 
determined using the Pearson chi-square and Fisher’s 
exact tests. Significant differences were considered if 
the p-value was ≤0.05.

RESULTS

Of the 75 patients screened, 48 (64%) were 
female. The mean age was 13.60 (1.85) years (range 

10–17 years), with a mean diabetes duration of 5.61 
(2.87) years (range 2–14 years). The mean HbA1C level 
was 9.90 (1.42), ranging from 6.73 to 13.38%. Other 
characteristics of the patients are shown in Table 1.

LJM was significantly associated with the long 
duration of diabetes (p<0.001), high LDL level (p = 
0.012), diabetic nephropathy (p = 0.04), and diabetic 
retinopathy (p<0.001) (Table 2).

DISCUSSION

LJM is more frequently seen in patients with DM 
than in the general population.3 The exact etiology of 
LJM is unknown, but tissue accumulation of advanced 
glycation end products (AGEs) may cause stiffness 
in the affected tissues. Connective tissue disorders, 
neuropathy, vasculopathy, or a combination of these 
problems may highlight the increased occurrence of 
musculoskeletal conditions in T1DM patients.17 AGEs 
make cross-links with collagen in the skin, ligaments, 
and tendons, rendering them resistant to the 
collagenase enzyme. This mechanism could cause the 
development of LJM.18–21

In this study, LJM was positive in 24% of DM 
patients (Table 1), higher than the results reported by 
Clarke et al22 (7%) and Traisman et al23 (8.4%). However, 
this percentage is lower than Arkkila et al24 (58%) or 
Duffin et al25 (a positive prayer sign occurred in 35% of 
diabetic adolescents). Different ages of the samples 
may explain the varying results (8–17 years in Clarke 
et al²² and 1–18 years in Traisman et al²³ and a mean 
age of 33.4 ± 10 years in Arkkila et al²⁴ and 11.5–20 
years in Duffin et al²⁵) and/or different methods used 
for evaluating LJM (table sign in Traisman et al,²³ 
goniometer in Arkkila et al,²⁴ and LJM in both hands and 
feet in Duffin et al²⁵). The prevalence of LJM is varied 
among diabetes patients, depending on the methods 
used.²² This emphasizes the need for the standardized 
criteria to define and diagnose LJM.

This study showed a significant association 
between LJM and the long duration of DM, as shown 
in Table 2. This finding is consistent with Amer et al17 
who concluded that joint limitation and stiffness in 
T1DM were strongly related to the duration of the 
disease and was the main generator for nonenzymatic 
glycosylation of collagens and tissues in small joints. 
This association is also documented by Clarke et al.22 
While a significant correlation between HbA1c and LJM 
was reported in a previous study,17 Clarke et al22 and 

Patients’ characteristics n (%)

Height Z-score, n = 75

   Tall (>+2) 0 (0)

   Normal (−2 to +2) 58 (77)

   Short (<−2) 17 (23)

BMI, n = 75

   Underweight (<5th percentile) 3 (4)

   Normal (5th to <85th percentile) 53 (71)

   Overweight & obese (≥85th percentile) 19 (25)

Systolic BP, n = 75

   Normal (<90th percentile) 57 (76)

   Pre- or HT (≥90th percentile) 18 (24)

Diastolic BP, n = 75

   Normal (<90th percentile) 52 (69)

   Pre- or HT (≥90th percentile) 23 (31)

LDL level (mg/dl), n = 75

   Normal (<100) 36 (48)

   High (≥100) 39 (52)

Diabetic retinopathy, n = 64

   Present 12 (19)

   Absent 52 (81)

Diabetic nephropathy, n = 44

   Present 31 (70)

   Absent 13 (30)

LJM, n = 75

   Positive 18 (24)

   Negative 57 (76)

Table 1. Characteristics of the subjects

BMI=body mass index; BP=blood pressure; HT=hypertensive; 
LDL=low-density lipoprotein; LJM=limited joint mobility
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this study (Table 2) failed to find a similar correlation. 
Moreover, the occurrence of LJM was not related to 
age, height, and BMI (Table 2).¹⁷,²²

In accordance with a prior study,¹⁷ no significant 
correlation was found between BP and LJM (Table 2). 
Although a significant correlation between LJM and 
greater systolic BP was found, the mechanism of this 
relationship was not described.²⁶

A study on the development of LJM within 15 years 
in T1DM patients found that the alterations in joint 

mobility were not related to dyslipidemia.²⁷ In contrast, 
this study showed a significant association between 
high LDL levels and LJM (Table 2). An 8-year study by Lo 
et al²⁸ found that DM and accompanying hyperlipidemia 
were independent risk factors for adhesive capsulitis as 
a joint complication manifestation in adults with DM.

In this study, LJM was strongly associated with 
microvascular complications, namely nephropathy and 
retinopathy (p = 0.04 and p<0.001, respectively) (Table 
2), similar to several previous studies.²,¹⁷,²⁹ However, 

Variables
LJM

p OR (95% CI)
Positive, n (%) (N = 18) Negative, n (%) (N = 57)

Age (years), mean (SD), range 13.72 (1.84), 10.0–16.0 13.14 (1.82), 10–16 0.246*

Duration of disease (years), mean (SD), range 7.81 (2.33), 4.0–12.0 4.92 (2.68), 2.0–14.0 <0.001* 4.09 
(1.480–4.289)

Insulin dose (IU/kg/day), mean (SD), range 1.17 (0.26), 0.6–1.6 1.05 (0.30), 0.4–1.5 0.13*

HbA1c, mean (SD), range 10.23 (1.36), 7.4–12.13 9.80 (1.44), 6.73–13.38 0.264*

Male sex 5 (28) 22 (39) 0.404†

Height Z-score 0.332†

   Normal (−2 to +2) 12 (67) 46 (81)

   Short (<−2) 6 (33) 11 (19)

BMI 0.525†

   Underweight (<5th percentile) 1 (5) 2 (4)

   Normal (5th to <85th percentile) 14 (78) 39 (68)

   Overweight & obese (≥85th percentile) 3 (17) 16 (28)

Systolic BP 1.000†

   Normal (<90th percentile) 14 (78) 43 (75)

   Pre- or HT (≥90th percentile) 4 (22) 14 (25)

Diastolic BP 0.146†

   Normal (<90th percentile) 10 (56) 42 (74)

   Pre- or HT (≥90th percentile) 8 (44) 15 (26)

LDL (mg/dl) 0.012† 4.48  
(1.312–15.299)

   High (≥100) 14 (78) 25 (44)

   Normal (<100) 4 (22) 32 (56)

Nephropathy, n = 44 0.04† 5.156  
(0.977–27.204)

   Present 15 (88) 16 (59)

   Absent 2 (12) 11 (41)

Retinopathy, n = 64 <0.001† 14.33  
(3.227–63.671)

   Present 9 (50) 3 (7)

   Absent 9 (50) 43 (94)

BMI=body mass index; BP=blood pressure; CI=confidence interval; HbA1c=glycated hemoglobin; HT=hypertensive; LDL=low-density lipoprotein; 
LJM=limited joint mobility; OR=odds ratio; SD=standard deviation
*Student t-test, p≤0.05 was significant; †Pearson chi-square and Fisher’s exact tests, p≤0.05 was significant

Table 2. Association between LJM and continuous and categorical variables
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Clarke et al22 found no relation between the presence 
of nephropathy or retinopathy with LJM. Differences 
in the study population and the study design (cross-
sectional versus long-term prospective study) might 
have contributed to the discrepancy in the results. 
The association between LJM and microvascular 
complications may be attributed to their common 
pathological process that involves AGEs. High levels 
of oxidative stress and the development of AGEs are 
caused by intracellular hyperglycemia, with eventually 
increased generation of reactive oxygen species and 
subsequent activation of the inflammatory cascade 
leading to the production of numerous cytokines 
and growth factors causing hyperglycemia-induced 
vascular endothelium damage (microangiopathies).30,31

The main limitations of this study were relying 
on one observer and only using the prayer sign test, 
without examining other than hand joints, to determine 
LJM. Furthermore, fundoscopic examinations were 
done by different ophthalmologists. In conclusion, the 
incidence of LJM was high among T1DM adolescents, 
especially those with a long disease duration. It 
was significantly associated with high LDL levels 
and diabetic microangiopathies (nephropathy and 
retinopathy).

Conflict of Interest
The authors affirm no conflict of interest in this study.

Acknowledgment
The authors would like to thank the National Diabetic Center at 

Al-Mustansiriyah University and the Pediatric Endocrinology Clinic at 
the Central Child Teaching Hospital in Baghdad city for their support 
to make this study possible.

Funding Sources
None.

REFERENCES
1. Somai P, Vogelgesang S. Limited joint mobility in diabetes 

mellitus: the clinical implications: the onset is insidious and may 
predate the recognition of overt disease. J Musculoskelet Med. 
2011;28(4):118.

2. Al-Qahtani MH, AlQahtani FA. Limited joint mobility in a child 
with type 1 diabetes mellitus. Case Rep Med. 2021;2021:6397338.

3. Francia P, Anichini R, Seghieri G, De Bellis A, Gulisano M. History, 
prevalence and assessment of limited joint mobility, from stiff 
hand syndrome to diabetic foot ulcer prevention: a narrative 
review of the literature. Curr Diabetes Rev. 2018;14(5):411–26.

4. Rosenbloom AL. Limited joint mobility in childhood diabetes: 
discovery, description, and decline. J Clin Endocrinol Metab. 
2013;98(2):466–73.

5. Abate M, Schiavone C, Salini V, Andia I. Management of limited 
joint mobility in diabetic patients. Diabetes Metab Syndr Obes. 
2013;6:197–207.

6. Cherqaoui R, McKenzie S, Nunlee-Bland G. Diabetic 
cheiroarthropathy: a case report and review of the literature. 

Case Rep Endocrinol. 2013;2013:257028.
7. Garg SK, Chase HP, Marshall G, Jackson WE, Holmes D, 

Hoops S, et al. Limited joint mobility in subjects with insulin 
dependent diabetes mellitus: relationship with eye and kidney 
complications. Arch Dis Child. 1992;67(1):96–9.

8. Wang Y, Chen HJ. Use of percentiles and z-scores in 
anthropometry. In: Preedy VR, editor. Handbook of 
anthropometry: physical measures of human form in health and 
disease. London: Springer; 2012. p. 29–46.

9. Barstow C, Rerucha C. Evaluation of short and tall stature in 
children. Am Fam Physician. 2015;92(1):43–50.

10. Centers for Disease Control and Prevention. About BMI for 
children and teens [Internet]. Centers for Disease Control and 
Prevention; 2022 [cited 2022 Jun 17]. Available from: https://
www.cdc.gov/healthyweight/assessing/bmi/childrens_bmi/
about_childrens_bmi.html.

11. National High Blood Pressure Education Program Working 
Group on High Blood Pressure in Children and Adolescents. 
The fourth report on the diagnosis, evaluation, and treatment 
of high blood pressure in children and adolescents. Pediatrics. 
2004;114(2 Suppl 4th Report):555–76.

12. Rosenbloom AL, Silverstein JH, Lezotte DC, Richardson K, 
McCallum M. Limited joint mobility in childhood diabetes 
mellitus indicates increased risk for microvascular disease. N 
Engl J Med. 1981;305(4):191–4.

13. Chaudhuri KR, Davidson AR, Morris IM. Limited joint mobility 
and carpal tunnel syndrome in insulin-dependent diabetes. Br J 
Rheumatol. 1989;28(3):191–4.

14. Expert Panel on Integrated Guidelines for Cardiovascular Health 
and Risk Reduction in Children and Adolescents; National Heart, 
Lung, and Blood Institute. Expert panel on integrated guidelines 
for cardiovascular health and risk reduction in children and 
adolescents: summary report. Pediatrics. 2011;128 Suppl 5(Suppl 
5):S213–56.

15. American Diabetes Association. 13. Children and adolescents: 
standards of medical care in diabetes-2019. Diabetes Care. 
2019;42(Suppl 1):S148–64.

16. Singh A, Satchell SC. Microalbuminuria: causes and implications. 
Pediatr Nephrol. 2011;26(11):1957–65.

17. Amer AE, Mahmoud MS, Abdelwahab TM, Abdulhamid HS, 
Elsayed A. Significant association between diabetic limited joint 
mobility and microvascular complication on type 1 diabetes. Al-
Azhar Assiut Med J. 2013(Suppl 2);11(3):209–21.

18. Dyer BP, Rathod-Mistry T, Burton C, van der Windt D, 
Bucknall M. Diabetes as a risk factor for the onset of frozen 
shoulder: a systematic review and meta-analysis. BMJ Open. 
2023;13(1):e062377.

19. Choi JH, Kim HR, Song KH. Musculoskeletal complications 
in patients with diabetes mellitus. Korean J Intern Med. 
2022;37(6):1099–110.

20. Gautieri A, Passini FS, Silván U, Guizar-Sicairos M, Carimati G, 
Volpi P, et al. Advanced glycation end-products: Mechanics of 
aged collagen from molecule to tissue. Matrix Biol. 2017;59:95–
108.

21. Gerrits EG, Landman GW, Nijenhuis-Rosien L, Bilo HJ. Limited 
joint mobility syndrome in diabetes mellitus: a minireview. 
World J Diabetes. 2015;6(9):1108–12.

22. Clarke CF, Piesowicz AT, Spathis GS. Limited joint mobility in 
children and adolescents with insulin dependent diabetes 
mellitus. Ann Rheum Dis. 1990;49(4):236–7.

23. Traisman HS, Traisman ES, Marr TJ, Wise J. Joint contractures in 
patients with juvenile diabetes and their siblings. Diabetes Care. 
1978;1(6):360–1.

24. Arkkila PE, Kantola IM, Viikari JS. Limited joint mobility in type 1 
diabetic patients: correlation to other diabetic complications. J 
Intern Med. 1994;236(2):215–23.

25. Duffin AC, Donaghue KC, Potter M, McInnes A, Chan AK, King J, 
et al. Limited joint mobility in the hands and feet of adolescents 
with type 1 diabetes mellitus. Diabet Med. 1999;16(2):125–30.



244 Med J Indones 2022;31(4)

mji.ui.ac.id

26. El Dayem SMA, El Bohy AEM, Battah AA. Sclerodactyly and 
diabetic complications among Egyptian adolescent type 1 diabetic 
patient. Open Access Maced J Med Sci. 2019;7(23):4004–9.

27. Labad J, Rozadilla A, Garcia-Sancho P, Nolla JM, Montanya E. 
Limited joint mobility progression in type 1 diabetes: a 15-year 
follow-up study. Int J Endocrinol. 2018;2018:1897058.

28. Lo SF, Chu SW, Muo CH, Meng NH, Chou LW, Huang WC, et 
al. Diabetes mellitus and accompanying hyperlipidemia are 
independent risk factors for adhesive capsulitis: a nationwide 
population-based cohort study (version 2). Rheumatol Int. 

2014;34(1):67–74.
29. Pandey A, Usman K, Reddy H, Gutch M, Jain N, Qidwai S. 

Prevalence of hand disorders in type 2 diabetes mellitus and its 
correlation with microvascular complications. Ann Med Health 
Sci Res. 2013;3(3):349–54.

30. Kowluru RA. Cross talks between oxidative stress, inflammation 
and epigenetics in diabetic retinopathy. Cells. 2023;12(2):300.

31. Akpoveso OP, Ubah EE, Obasanmi G. Antioxidant phytochemicals 
as potential therapy for diabetic complications. Antioxidants 
(Basel). 2023;12(1):123.


