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Limited joint mobility in diabetic children: 
a risk factor of diabetic complications?

L  M a d á c s y , M  P e j a , K  K o k o m p a y , В  B ir ó

Second  D e p a rtm e n t o f  P a e d ia tr ic s  a n d  D e p a r tm e n t o f O p h th a lm o lo g y , 
P o s tg ra d u a te  M edical School, a n d  H o sp ita l fo r P u lm onology , M iskolc, H u n g a ry

L im ited  jo in t  m o b ility  (L JM ) w as de tec ted  in  24 o f  55 c h ild re n  w ith 
ty p e  I d iabetes. A m ong  ch ild ren  w ith  longer d u ra tio n  o f  d ia b e te s  (5 years) 
15 o f  26 h ad  L JM . T en  o f  these  15 also  h a d  preclinical d ia b e tic  re tin o p a th y . 
L JM , im paired  re s p ira to ry  fu n c tio n  a n d  ea rly  re tin o p a th y  to g e th e r  were 
d e tec ted  in  8 p a tie n ts . T h ree  ch ild ren  h a d  ea rly  re tin o p a th y  w ith o u t L JM  
b u t tw o  o f  th em  also  h ad  im p a ired  re sp ira to ry  function . T he  f in d in g s  were 
n o t re la ted  to  th e  degree  o f  m etab o lic  con tro l. These re su lts  c o n firm  the 
g re a t im p o rtan ce  o f  co n n ec tiv e  tissue  changes in childhood  d ia b e te s  w ith  
re sp ec t to  th e  e a rly  d ev e lo p m en t o f  d ia b e tic  m icrovascu la r d isease .

It has been shown that diabetes 
mellitus is accompanied by wide­
spread biochemical, morphologic and 
functional abnormalities of collagen 
and elastin [3, 11, 15]. Previously we 
reported impaired respiratory func­
tion in diabetic children, probably due 
to an abnormal elastic behaviour of 
the lung [12], and diminished vital 
capacity has been observed in a dia­
betic boy suffering from joint con­
tractures [1]. Recently it has been 
suggested [14] that limited joint mo­
bility affecting mainly the proximal 
interphalangeal joints of the hands 
indicates an increased risk for early 
development of microvascular com­
plications in childhood diabetics. Ear­
lier, we found a significantly higher 
prevalence of early retinopathy in 
diabetic children with limited joint 
mobility than in patients without 
joint limitation [9]. Simultaneously, 
an increased prevalence (36.5%) of 
joint limitation was observed in pa­

tients with type I diabetes who had 
a significantly higher incidence of 
retinopathy than patients with nor­
mal joint mobility [7].

The aim of the present study was 
to investigate the association of lim­
ited joint mobility, impaired respi­
ratory function and preclinical dia­
betic retinopathy in childhood type I 
diabetes mellitus.

P a t i e n t s  a n d  M e t h o d s

F if ty  five in su lin -d ep en d en t ch ild ren  
an d  ado lescen ts w ere e v a lu a te d  w hose 
d iab e tes  h a d  becom e c lin ica lly  a p p a re n t 
before  th e  age of 14 y e a rs . T h e ir  age 
ranged  f ro m 5 to  18 years (m ean  13.3 +  5.1), 
th e  d u ra t io n  of d iabetes ra n g e d  fro m  l to  
10 y ea rs  (m ean 4.5 ±  2.6). T h e y  h a d  no 
h is to ry  o f p rev ious lung d isease  o r  a to p y  
an d  none  of th em  sm oked c ig a re tte s . All 
p a tie n ts  w ere free from  m a n ife s t p ro ­
te in u ria .

To d em o n s tra te  lim ited  jo in t  m o b ility , 
th e  p a t ie n t  a tte m p ts  to  a p p ro x im a te  
tig h tly  th e  p a lm ar surface  o f  th e  in te r-
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F ig . 1. L im ite d  jo in t  m obility  in  a  d ia b e t ic  ch ild  stage I I

p h a la n g e a l jo in ts  of b o th  h a n d s  (Fig 1). 
J o in t  co n tra c tu re s  w ere c lassif ied  in  th ree 
s ta g e s  acco rd ing  to  G rgic e t  a l [6 ] as fol­
low s. S ta g e  I :  unab le  to  m a k e  c o n ta c t  w ith  
som e p o r t io n  of one fin g er o f  e ach  hand : 
S ta g e  I I :  un ab le  to  m uke c o n ta c t  w ith  two 
o r m o re  fingers of each h a n d ; S tag e  I I I :  
jo in t  lim ita tio n  of all fingers o f  each  hand, 
p lu s  in  som e larger jo in ts  (w ris t o r  elbow).

R e sp ira to ry  fu nc tion  d a ta  o f a ll b u t five 
su b je c ts  w ere m easured  w ith  th e  p a tie n t 
se a te d  in  a  c o n stan t v o lu m e  w ho le  body 
p le th y sm o g ra p h  (F en y v es-G u t, B asle). All 
lung  v o lu m es w ere q u o ted  a t  B T P S  (Body 
T e m p e ra tu re  P ressu re  S a tu ra te d )  condi­
tio n s . P re d ic te d  values w ere  ta k e n  from  
P o lg á r  [ I 3].

F lu o resce in  an g iog raphy  w as perform ed 
in  p a t ie n ts  hav ing  h ad  d ia b e te s  fo r m ore 
th a n  5 y ea rs . Signs o f p rec lin ica l re tin a l 
m ic ro an g io p a th y  w ere e v a lu a te d  according 
to  B ro o se r [2].

T h e  degree of m e tab o lic  co n tro l was 
e s t im a te d  b y  rep ea ted  m e a su re m e n ts  by  
th e  B o eh rin g e r te s t o f h aem o g lo b in  A ,c in 
each  in d iv id u a l.

S tu d e n t’s t te s t w as u sed  fo r  s ta tis tica l 
an a ly s is .

R e s u l t s

Limited joint mobility was detected 
in 24 patients; 15 were classified as 
stage I, 9 as stage II. Clinical data of 
patients with normal joint and with 
limited joint mobility are shown in 
Table I. Duration of diabetes and the 
mean insulin dose differed signifi­
cantly between the two groups (p <  
<  0.01 and p <  0.05, respectively). 
The latter finding would be expected 
in view of the longer duration of dia­
betes. No statistical differences were 
apparent between the two groups in 
age at diagnosis, in sex distribution 
and in the level of metabolic control.

The increased frequency of joint 
limitation with longer duration of dia­
betes is also shown in Fig 2. The 
shortest duration of the disease in 
any patient with joint limitation was 
just over one year. Most of the chil-
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T able  I

C linical d a ta  o f  d iab e tic  p a tien ts

Patients with 
normal joints 

(n -  31)

Patients with 
limited joint mobility 

(u =  24)
Significance

Age a t onset of diabetes, years S.9 ±  1.8 9.3 ±  2.0 N.S.
Duration of diabetes, years 2.9 ±  1.7 0.5 ± 1.9 p <  0.01
H b A,, per cent 10.8 ±  1.4 11.3 ± 2 .1 N.S.
Daily insulin dose, units/kg/day 0.87 ±  0.1 1.12 ±  0.2 p <  0.05

Results are m ean ±  SD

t ' \ \ \ ’4l Number of diabetic patients 
liiiuiiiinil Joint limitation

F ig . 2. F req u en cy  o f  jo in t  lim ita tio n  acco rd ing  to  d u ra tio n  o f  d iab e te s . N u m b er of 
p a tie n ts  is in d ica ted  ab o v e  th e  colum ns

dren were unaware of any abnormality 
of their hands and so it was not pos­
sible to evaluate exactly when the 
joint limitation had started. The 30 
patients with a duration of less than 
5 years included 9 patients with joint 
limitation; the 25 patients with a 
duration of more than 5 years in­
cluded 15 with joint limitation.

The frequency of preclinical retinal 
microangiopathy in patients who had 
diabetes for more than 5 years is 
shown in Fig 3. Among the 10 children 
without joint limitation, 3 had micro- 
vascular abnormalities, while among

15 children with limited joint mobil­
ity, 8 had preclinical retinal changes.

Pulmonary function data in dia­
betic children with and in those 
without joint limitation are shown in 
Table II. All values except for the 
data of airway resistance are ex­
pressed as per cent predicted, as de­
termined by the subject’s height and 
age. There were significant differences 
between the two groups in total lung 
capacity (TLC), in airway resistance 
(Raw), and in peak expiratory flow 
measured at 50% of forced vital ca­
pacity (PEF50%). TLC and PEF50%
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5 0 il

lïïïïl Joint limitation 
Г~1 Early retinopathy 
■  Impaired resp ira to ry  function

F io .  3. F req u en cy  of early  r e t in o p a th y  and  im paired  re s p ira to ry  function , accord ing  to  
p re se n c e  o f  jo in t lim ita tio n  in  p a t ie n ts  w ith  d iab e tes  fo r  m ore  th a n  5 years . N u m b er 

o f  p a t ie n ts  is  ind ica ted  above th e  co lu m n s

T able I I

C o m p a riso n  o f pu lm onary  fu n c t io n  d a ta  in  d iabe tic  p a t ie n ts  w ith  jo in t lim ita tio n  and  
th o se  w i th o u t  i t  (values a re  m e a n  +  SD )

Patients Age,
years

Duration 
of diabetes, 

years

VC
per cent 

pred.

TLC 
per cent 

pred.

Raw, 
cm H 20 
lit/sec

PEP 
per cent 

pred.

PEF 50 
per cen t 

pred.

W ith  jo in t limitation 16.1 6.4 92 88 3.1 95 90
(n =  24) ± 1 .2 ± 0 .8 ± 4 ± 4 ± 0 .2 ± 5 ± 3

N.S. P <  0.05 P  <  0.01 N.S. P <  0.05
W ith o u t jo in t limita-

tio n  (n =  26) 11.4 3.1 99 100.5 2.0 102 112
± 0 .9 ± 0 .6 ± 5 ± 3 ± 0 .1 ± 8 ± 7

VC =  v ita l cap ac ity  
TLC =  to ta l lung  capacity  
Raw =  airw ay resistance 
P E F  =  peak ex p ira to ry  flow

PE F 50o/0 =  peak exp ira to ry  flow measured a t 60%  of forced vital capacity 
per cent pred. =  per cen t predicted  value

were significantly lower (p <  0.05), 
Raw was significantly higher (p <  
<  0.01) in patients with limited joint 
mobility.

The frequency of retinal micro­
angiopathy and altered respiratory 
function according to the presence of 
joint limitation in subjects with dia­
betes of more than 5 years duration 
is shown in Fig 3. Limited joint

mobility was detected in 60% of these 
patients. Preclinical retinal micro­
angiopathy, disturbances in respi­
ratory function, and joint limitation 
together have been shown in 32% of 
patients. Three children had retinal 
microangiopathy without joint limita­
tion but two of them also had im­
paired pulmonary function.
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D i s c u s s i o n

Limited joint mobility, mainly in­
volving the small joints of the hand, 
is a common manifestation of child­
hood onset type I diabetes [6]. Its 
}>revalence varied from 8.4 to 36% 
in different diabetic population [6, 7, 
14]. We found an even higher pre­
valence (43%) in our study [9].

Although the exact aetiology of 
limited joint mobility in diabetes is 
unknown, increased cross-link forma­
tion with accumulation of inflexible 
collagen has been demonstrated in 
induced diabetes in animals [4]. It is 
always difficult to extrapolate from 
animal studies to human disease but 
it does appear that collagen structure 
and biosynthesis are abnormal, par­
ticularly in the skin of human dia­
betics [5].

Recently, Lyons and Kennedy [8] 
investigated the glycosylation of skin 
collagen from diabetic patients with 
and without limited joint mobility. 
Although their results do not support 
the hypothesis that non-enzymatic 
glycosylation of collagen would play 
an important part in the develop­
ment of joint limitation in diabetes, 
the possibility that subsequent de­
gradation of the ketoamine link may 
play a role remains to be investi­
gated [8].

Abnormalities in lung elastic behav­
iour due to the widespread elastin 
and collagen abnormalities in dia­
betes have been shown in 11 young 
men suffering from type 1 diabetes 
[16], and earlier we observed im­
paired pulmonary function in diabetic

children [12]. In our present study 
significant differences were found in 
three parameters of pulmonary func­
tion between patients with joint limi­
tation and those without it, i.e. total 
lung capacity, airway resistance and 
peak expiratory flow measured at 
50% of forced vital capacity. Although 
such abnormalities in lung elastic 
behaviour are, in some respects, sim­
ilar to those that occur during normal 
aging [17], their presence in child­
hood without lung disease is extremely 
rare, and it seems that the observed 
changes are due to alterations in tissue 
elasticity. The relation between limit­
ed joint mobility and the early de­
velopment of micro vascular complica­
tions in type I diabetes has been 
postulated by Rosenbloom et al [14] 
and has been confirmed by other 
reports [7, 9]. These findings suggest 
that the alterations of periarticular 
connective tissue are related to changes 
occurring in the micro vasculature [14]. 
Retinopathy is a sequel of diabetes 
mellitus that causes significant mor­
bidity in the form of visual loss, 
however, describing the association 
of retinopathy with the degree of 
metabolic control, the age of onset 
and duration, and genetic factors, 
have been contradictory [10].

Therefore, detection of limited joint 
mobility in diabetic children would 
appear to identify patients who are 
exceptionally at risk for the develop­
ment of diabetic retinopathy.

In conclusion, our data support the 
concept that limited joint mobility is 
another chronic complication of dia­
betes developing prior to retinopathy,
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nephropathy and neuropathy [8]. On 
the other hand, abnormalities in lung 
elastic behaviour could also be an 
evidence of connective tissue changes 
in diabetes.
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