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INTRODUCTION

Type 1 diabetes mellitus (T1DM) is the most
common form of diabetes seen in children.1

Chronic diseases in childhood can cause
impaired growth and delayed puberty.2,3

Published data on the effect of T1DM on
growth have yielded conflicting results. In
children with T1DM, growth could be
influenced by metabolic control, pubertal stage,
and age of the child at diagnosis.4-8 In contrast,
other studies9-11 have concluded that there is no
impairment in final height, irrespective of
metabolic control.

Poor access to health care and poor financial
resources results in suboptimal management of
T1DM. Moreover, most patients in India,
including those seen in our hospital do not
perform daily home glucose monitoring and are
not adequately trained to alter their doses of
insulin based on pre-meal glucose values and
on calorie counting. Hence, the level of
metabolic control achieved is frequently
inadequate. There are sparse published data
from India on growth in T1DM. Hence there
was a need to design a study addressing the
aspect of growth in Indian children with T1DM.
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Objective: To study growth and skeletal maturation in children with type 1 diabetes mellitus (T1DM).

Methods: We prospectively studied the anthropometric data of 56 children with T1DM at our tertiary care teaching
hospital. Height was re-measured at one year to assess height velocity. A plain radiograph of the left hand was obtained
for assessment of skeletal maturation. Glycosylated haemoglobin and thyroid stimulating hormone were measured in
all the patients.

Results: Short stature [height standard deviation score (HtSDS) <–2] was seen in 15/56 (27%) patients. A negative
correlation was observed between HtSDS at recruitment and duration of T1DM (r = –0.347, p = 0.009). Ten of the 25
patients followed up over one year had impaired (< 3rd centile) height velocity (HV). A negative correlation was
observed between glycosylated haemoglobin (r = –0.664, p=<0.001) and HV. The proportion of patients with an
impaired HV was more in those with an age of onset more than 7.5 yrs (42% Vs 14%, p=0.005).  A delayed bone age
was observed in 10/37 (27%) patients assessed for skeletal maturation. It correlated negatively with the body mass
index standard deviation score (r = –0.484, p=0.002).
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MATERIAL AND METHODS

A longitudinal observational study was
conducted in our tertiary care teaching hospital
in South India, from March 2011 to August
2012. Patients younger than 20 years, diagnosed
with diabetes mellitus as per American Diabetes
Association (ADA) criteria12 and requiring
insulin for their management were defined as
T1DM. Patients with untreated hypothyroidism
and co-existing chronic illness other than
T1DM were excluded. The study was cleared
by the Institutional Ethics Committee.

Written informed consent was obtained from
all participants/parents/guardians. A detailed
history was taken and complete physical
examination was carried out. Weight was
measured (in kg) on a beam balance with
minimal clothing to the nearest of 0.1 kg.
Height  was recorded (in cm) using a
stadiometer with head held in Frankfurt plane
to the nearest of 0.1 cm. The height standard
deviation score (HtSDS) was calculated using
web based calculator (https://web.emmes.com/
study/ped/resources/htwtcalc.htm.) which is
based on the Centre for Disease Control growth
charts.13 Patients with HtSDS less than –2 were
defined as having short stature. Height was
measured again at 1 year to assess the height
velocity (HV) in girls aged 13 years or below
and boys aged 15 years or below at the end of
the 1 year period of follow-up. The HV was
plotted on Tanner’s HV chart.14 Patients with
HV standard deviation  less than third centile
on the above chart were considered to have
impaired height velocity. Body-mass index
(BMI;kg/m2) was calculated using the formula
weight (kg)/[height (metres)].2 BMI standard
deviation score (BMISDS) was calculated
using web based calculator (http://
stokes.chop.edu/web/zscore/). Patients with
BMISDS less than –2 were considered to have
malnutrition.

All the patients were tested for HbA1c twice
during the study period, i.e, at recruitment and
six months later using commercially available
high performance liquid chromatography
(HPLC) kit (Bio-Rad D-10, California, USA).
Thyroid stimulating hormone (TSH) was
measured by immunoradiometric assay
(IRMA) using IRMAK-9 kits [Board of
Radiation and Isotope Technology (BRIT),
Mumbai,  India] for all the patients at
recruitment. Patients were diagnosed to have
primary hypothyroidism if the TSH was greater
than 5 mU/L or patients were already on
replacement with levothyroxine at recruitment.

An X-ray of left hand and wrist (posterio-
anterior view) was obtained at recruitment for
assessment of bone age as per Tanner and
Whitehouse score.15 The difference between the
individual patient’s chronological age and bone
age was calculated. A bone age below the third
centile for chronological age was considered
as delayed.
Statistical analysis
Data were recorded on a predesigned proforma
and managed using Microsoft Excel 2007
(Microsoft Corp, Redmond, USA). Continuous
variables were presented as mean ± standard
deviation if normally distributed. Otherwise
they where expressed as median (inter-quartile
range-IQR). Pearson’s coefficient was
calculated to assess correlation between two
different continuous variables. Statistical
analysis for the categorical variables was
performed by computing the frequencies
(percentages) in each category. The difference
in proportions between groups was tested for
significance by the Chi-square test. All tests
were two-tailed; a p-value less than 0.05 was
considered as significant.  Statistical software
SPSS version 15 (SPSS Inc., Chicago, IL) was
used for statistical analysis.

RESULTS

Fifty six patients who were 3-19 years old were
enrolled in the study. There were 32 (57%)
males; 71% of the patients with T1DM were
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older than 10 years of age. Their clinical and
laboratory data are summarized in Table 1.

In the present study, 14 (25%) patients (6 males)
had primary hypothyroidism, were on
replacement therapy with levothyroxine and
were euthyroid at recruitment. The mean TSH
of the study population was 2.4 ± 1.2 mU/L.
Sixteen pat ients (28.5%;10 males) had
malnutrition at recruitment.

Height and height velocity

Of the 56 patients, 15 (27%)  patients had short
stature (HtSDS< –2) while 6 of these 15 had
extreme short stature (Ht SDS < – 3). The
median (IQR) Ht SDS of the study population
was –1.15 (–2.0 to –0.03). HtSDS was found
to correlate negatively with the duration of
T1DM (r = –0.347, p=0.009). The age of onset,
glycosylated haemoglobin at enrolment and the
BMI SDS score did not correlate with Ht SDS.

The Ht SDS of patients did not differ between
the two genders (Table 2) or between the
patients with or without malnutrition [–0.73 (–
1.82 to 0.25) Vs –1.29 (–2.15 to –0.09), p =

0.369]. Further, the Ht SDS was similar in
pat ients with and without primary
hypothyroidism [–0.97 (–2.72 to –0.39) Vs –
1.2 (–2.0 to 0.12), p = 0.791].

The proportion of patients with short stature
(HtSDS < –2SD) did not differ in subgroups of
patients based on gender (male Vs female), age
of onset (<5 years Vs >5 years), duration of
T1DM (<5 years Vs >5 years), level of
glycaemic control (HbA1c <10% Vs >10%),
BMISDS (> – 2 Vs < – 2) or hypothyroidism
(not present Vs present).

Five patients (3 males) had attained final height
i.e., bone age of 18 years for boys and 16 years
for girls with no further growth being observed
during the one year of follow up. The median
final Ht SDS of these boys and girls was - 0.80
[inter quartile range (IQR) –2.36 to –0.29)] and
–1.04 (IQR –1.58 to –0.5) respectively. Of the
total study population, 8 patients (14%, 5
males) had newly detected T1DM with duration
of T1DM less than 3 months at the time of
recruitement. The median Ht SDS of these
patients was –0.62 (IQR –1.89 to –0.32).

Longitudinal assessment of height velocity
could be done in 25 patients. Their median
(IQR) HV was 5 (3-6) cm. Ten of these 25
patients (7 males) followed-up over one year
had impaired height velocity (HV < 3rd centile).
Of the various disease variables, a negative
correlation was seen between the HbA1c (r= –
0.664, p=<0.001) and HV. The age of onset,
duration of T1DM and the BMI SDS did not
show correlation with the HV.

No difference was observed between the HV
of boys and girls (Table 2). The HV also did
not differ in subgroups of patients with BMI
SDS  greater than –2 and those with BMI SDS
less than –2 (5.07±1.95 cms vs. 3.91±0.91 cm,
p=0.062) or in patients with and without
primary hypothyroidism (4.73±1.93 cm Vs
5.12±1.18 cm, respectively, p=0.612).

Table 1: Clinical and laboratory data in 56
children

Parameter Observations
Age (years)* 12.5 ± 4.1
Age of onset (years)† 9.25 (5.87 to 12.58)
Duration of T1DM (years)† 2.1 (0.6 to 5)
HtSDS† –1.15 (–2.0 to –0.03)
BMI SDS† –1.30 (–2.40 to –0.50)
HV (cm/year)‡ 5 (3 to 6)
Mean HbA1c (%)* 11.6 ± 2.3
Bone age (years)§ 10.6± 3.5
CA-BA (years)§ 0.7 (–0.3 to 2.25)
* data are expressed as mean ± standard deviation
† data are expressed as median (interquartile range)
‡ tested in in 25 patients (18 males)
§ tested in 37 patients (21 males)
T1DM = type 1 diabetes mellitus; HtSDS = height
standard deviation score; BMI SDS = body mass index
standard deviation score; HV = height velocity; CA-BA
= Chronological age - bone age; HbA1c = glycosyated
haemoglobin. Mean HbA1c = average of the two HbA1c
values of each patient obtained during the study period
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The proportion of patients with impaired height
velocity (HV <3rd centile) was more in patients
with an age of onset > 7.5 years (42% Vs 14%,
p=0.005) and HbA1c more than 12 (83% Vs
26%, p=0.023). The proportion of patients with
impaired height velocity, however, did not
differ in other subgroups categorized by gender,
presence and absence of malnutrition and with
or without primary hypothyroidism.

Bone age

Bone age was assessed in 42 patients with
T1DM. Five patients with a chronological age
of 16 years or more in girls and 18 years or
more in boys had attained adult skeletal age
and thus were not included in the final analysis.
Hence, only 37 patients were analyzed for bone
age characteristics. A bone age less than 3rd

centile or more than 97 th cent ile for
chronological age was considered significant.
Delayed bone age delay was seen in 10 (27%)
pat ients (6 males),  while significant
advancement was seen in 2 (5.4%) patients
(both females). In comparison to the
chronological age the bone age was delayed by
a median (IQR) of 0.7 (–0.3 to 2.35) years. Age
of onset, duration of T1DM and glycemic
control did not correlate with the bone age

delay. A negative correlation was seen between
the extent of bone age delay and the   BMI SDS
(r= –0.484, p=0.002).

The proportion of patients with delayed bone
age did not differ in subgroups of patients
categorized by sex (male vs. females), age of
onset (<7.5 years Vs >7.5 years), duration of
disease (<5 years Vs >5 years), HbA1c (<10
Vs >10), BMI SDS (< –2 Vs > –2),
hypothyroidism [present (adequately treated)
Vs not present].

DISCUSSION

Childhood is a phase of life characterized by
the unique processes of growth. Thus, in the
management of T1DM in children, the issue of
growth  needs to be addressed along with micro
vascular and macro vascular complications.
The question of whether linear growth is
impaired in diabetic children is still debated.
Several studies have shown that T1DM can
cause impaired growth.5,7,8 In contrast, other
studies9-11 have shown no effect of T1DM on
growth.

The median (IQR) of Ht SDS of our cohort was
–1.15 (–2.0 to –0.03). Thus our patients were
on an average shorter than what is expected

Table2: Comparison of clinical and laboratory data between male and female genders
Parameter Male (n= 32) Female (n=24) p-value
Age (years)* 12.34 ± 4.05 12.63 ± 4.23 0.792
Age of onset (years)† 8.13 (5.2 to 12.5) 9.6 (7.33 to 13.01) 0.513
Duration of T1DM (years)† 2 (0 to 5.7) 2.21 (0.81 to 4.46) 0.751
HtSDS† –1.18(–2.0 to 0.03) –1.07 (–2.04 to 0.05) 1.0
BMI SDS† –1.67 (–2.4 to –0.58) –1.06 (–2.3 to 0.19) 0.217
HV (cm/year)‡ 5 (3 to 6) 6 (3 to 6) 0.836
Mean HbA1c (%)* 11.9 ± 2.4 11.3 ± 2.2 0.354
Bone age (years)§ 9.8 ± 3.5 11.6 ± 3.3 0.128
CA-BA (years)§ 1.2 (0.21 to 2.4) 0.25(–0.65 to 1.93) 0.156
* data are expressed as mean ± standard deviation
† data are expressed as median (interquartile range)
‡ tested in in 25 patients (18 males)
§ tested in 37 patients (21 males)
T1DM = type 1 diabetes mellitus; HtSDS = height standard deviation score; BMI SDS = body mass index standard
deviation score; HV = height velocity; CA-BA = difference in chronological age - bone age; HbA1c = glycosyated
haemoglobin. Mean HbA1c = average of the two HbA1c values of each patient obtained during the study period
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for normal children in the population
suggesting that diabetes does impair growth.
Indeed one fourth of our study population had
short stature (< –2SD) and among them 40%
had severe short stature (< –3SD). In the present
study, a negative correlation was observed
between the duration of T1DM and the Ht SDS.
Also, for other chronic complications of
diabetes (e.g. , retinopathy, neuropathy,
nephropathy), the duration of diabetes exposure
has a major impact.16 Even though the HbA1c
at recruitment did not correlate with the Ht SDS
in the present study, this does not rule out a
role for past level of control which could have
influenced growth. HbA1c only reflects
metabolic control over the preceding 2-3
months, whereas, growth is a continuous
process which occurs over a long period of
time. The role of poor metabolic control in
retardation of growth was affirmed by the HV
observed during follow-up showing a negative
correlation to the mean individual HbA1c
during this period (r = –0.664, p=<0.001).
Similar observations were reported in another
study.7 A negative linear relationship was seen
between HbA1c and the HV (r = –0.117,
p=0.001). The reason why the present study
showed that T1DM could impair growth, while
three other studies9-11 did not report so, could
be related to the higher mean HbA1c in our
patients (11.60 ± 2.31%). This reflects the fact
that most of our patients belong to the lower
socioeconomic level, who were attending a
“free diabetes camp” and were availing free
insulin supply and none of them could afford
to do daily self monitoring of blood glucose.
Unfortunately, these circumstances are typically
like those found in most diabetes care settings
in India and other developing countries. Hence,
the results from developed countries showing
no effect of T1DM on growth cannot be applied
to developing countries like India.

The cause of short stature in T1DM could be
multifactorial. At molecular level, the state of
insulinopenia deprives an individual of the

direct and indirect somatotropic effects of
insulin mediated by acting through insulin
receptors and the cross talk with type I insulin
like growth factor(IGF) receptors.17,18 The state
of insulinopenia produces a state of growth
hormone (GH) resistance characterized by
elevated GH, decreased hepatic production of
insuling like growth factor-1 (IGF-1) and
insulin like growth factor binding protein
(IGFBP-3).19 Baxter et al reported that insulin
regulates the number of growth hormone (GH)
receptors in the rat liver. They proposed that
the low IGF levels and growth retardation
observed in T1DM may be attributable to a
deficiency in this action of insulin.20 Thus,
growth being a cumulative phenomenon,
increasing duration of T1DM deprives an
individual of the direct somatotropic action of
insulin for a longer time, causes GH resistance
with low circulating levels of IGF-1, IGFBP-3
and results in patients with short stature as seen
in the present study.

In the present study, only five patients had
attained final height. The median final Ht SDS
of boys was –0.80 (IQR –2.36 to –0.29)
whereas that of girls was –1.04 (IQR –1.58 to
–0.5). This finding is similar to another study5

where 72 patients were studied and the mean
final Ht SDS of the boys and girls was
–1.63±0.44 and –1.72±0.79 respectively.5

In the present study, the proportion of patients
with impaired height velocity was more in the
subgroup of patients with age of onset over 7.5
years. (42% Vs 14%, p=0.005). Children who
are prepubertal or in the early stages of puberty
are the most vulnerable to growth suppression.7
The impaired HV seen in patients with onset
of T1DM during peripubertal years could be
possibly due to the low levels of IGF-1 seen in
older diabetic children when compared to
younger diabetic children or age matched
healthy controls.21

Among other factors affecting growth in
children, the presence of hypothyroidism or of
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poor nutrition per se must also be considered.
In the present study, 25% of the patients had
co-existing hypothyroidism. The American
Diabetes Association (ADA) has recommended
screening for hypothyroidism, both at diagnosis
of T1DM and annually thereafter. Hence, all
patients were diagnosed on screening and put
on adequate replacement therapy. They were
euthyroid both at recruitment and on follow-
up. No patient presented with classical
symptoms of hypothyroidism. As a possible
consequence, the Ht SDS score and the
proportion of patients with short stature were
similar in both treated hypothyroid and non-
hypothyroid T1DM patients. Thus, the presence
of hypothyroidism was unlikely to confound
the observed correlation between poor
metabolic control and older age of onset with
impaired growth.

The HtSDS showed no correlation with the
BMI SDS. Further, mean HtSDS and
proportion of patients with short stature were
also similar between malnourished and well
nourished groups- thus arguing against nutrition
playing a role in determining stature in our
cohort. Alternatively, this may also be due to
lack of power of this study to analyze the role
of nutritional status on height due to the small
sample size.

Contrary observations from some studies22,23 in
which newly detected T1DM patients were
found to be taller than controls, the present
study did not find the same.22,23 In a study23 the
mean HtSDS of the newly detected T1DM boys
and girls was 0.46 and 0.49 respectively.23 In
the present study, there were 8 cases of newly
detected T1DM and the median HtSDS was –
0.62 (IQR – 1.89 to – 0.32).   A Study24 of  pairs
of identical twins, with one twin being affected
by T1DM showed that when the affected twin
had onset of T1DM less than 19 years of age,
that individual was likely to be shorter than his
twin sibling.24 On the other hand, when the

onset of T1DM was over the age of 25 years,
the affected twin was likely to be taller than
his unaffected sibling. This observation may
explain why the patients in the present study
were on average shorter when compared to their
healthy population peers (on the CDC growth
chart), as all the patients were less than 20 years
of age and had a median (IQR) age of onset of
T1DM at 9.25 (5.87 to 12.58) years.

Skeletal maturation assessment showed that
27% (n=10) of our patients had delayed bone
age (<3rd centile). Bone age lagged behind
chronological age by 0.7 (–0.3 to 2.25) years.
This observation was similar to that reported
in another study25 where it was observed that
T1DM causes delayed skeletal maturation.25 Of
the total study population only 2  showed
significant advancement of skeletal maturation
(>97th centile). This observation is probably not
exceptional in that given the normal distribution
of bone age, 3% of the general population
would in any case be expected to have that
degree of advancement of bone age.

The proportion of patients with delayed bone
age did not differ in subgroup of patients with
or without hypothyroidism. Similarly, the mean
chronological age-bone age difference did not
differ among patients with or without
hypothyroidism. This could be attributed to the
detection of hypothyroidism by screening,
followed by prompt treatment rendering all the
pat ients euthyroid before they became
symptomatic.

Insulin has anabolic action on bone
development as shown by in vivo and in vitro
studies.26,27 Similarly, the anabolic action of
IGF-1 on bone has been observed.28 While
anabolic effects of insulin and IGF-1 on bone
are evident, there is no information on the
molecular mechanisms for delayed skeletal
maturation observed in the clinical studies on
T1DM. It may be noted that skeletal maturation
only reflects the overall maturation of the body
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as a whole, rather than being any specific
property of the skeleton. X-rays of ossification
centres only provide a window to view the
otherwise intangible concept of physiological
maturation of the whole body. It may be that
the catabolic environment fostered by the lack
of insulin and GH resistance may have an im-
pact on the tempo of maturation of all systems.

In our cohort, a strong negative correlation was
observed between BMISDS and the difference
between chronological age and bone age,
implying thereby that the lower the BMI, more
is the difference between chronological age and
bone age and vice versa. This reveals the well
known negative impact of nutritional status on
the skeletal maturation.29 Nutrition of children
with uncontrolled T1DM is invariably poor,
partly due to the calorie wastage resulting from
glycosuria and partly due to the prevalent
catabolism. The mean BMI SDS score in the
present study was –1.30 (–2.40 to –0.50) and
28.5 % of the patients had malnutrition. Apart
from the nutritional aspect, it remains to be seen
whether there is any other specific role for
insulin deficiency in the delayed skeletal
maturation evident in children with T1DM.

The limitations in the present study include, a
small sample size, a relatively short duration
of follow up, heterogeneity of the study cohort
in terms of duration of T1DM i.e., some patients
were newly detected while others had variable
duration, some had already attained final height
while others had already attained complete
sexual maturation, limited strength of the
analysis with regards to the influence of disease
variables on growth and puberty. Patients were
not followed up to the attainment of final
height. A uniform cohort of new onset T1DM
with follow up till final height and complete
sexual maturation would have shown the
influence of disease variables on growth and
development.

Chronic poor glycemic control causes impaired
growth in patients with T1DM. Ht SDS

correlates inversely with the duration of T1DM
while growth velocity correlates inversely to
the mean glycated haemoglobin. Hence, good
metabolic control may be essential for normal
growth in patients with T1DM. Children with
onset of T1DM during peripubertal period had
impaired height velocity. Further, T1DM causes
delayed skeletal maturation in about quarter of
the patients. This delay was associated with
poor nutrition.

REFERENCES
1. SEARCH for Diabetes in Youth Study Group. The

burden of diabetes mellitus among US youth:
prevalence estimates from the SEARCH for
Diabetes in Youth Study. Pediatr ics
2006;118:1510-8.

2. Groll A, Preece MA, Candy DCA, Tanner JM,
Harries JT.  Short stature as the primary
manifestation of coeliac disease. Lancet
1980;316:1097-9.

3. Bhakhri BK, Prasad MS, Choudhary IP, Biswas K.
Delayed puberty: experience of a tertiary care centre
in India. Ann Trop Paediatr 2010;30:205-12.

4. Jackson RL, Holland E, Chatman ID, Guthrie D,
Hewett JE. Growth and maturation of children with
insulin-dependent diabetes mellitus. Diabetes Care
1978;1:96-107.

5. Elamin A, Hussein O, Tuvemo T. Growth, puberty,
and final height in children with Type 1 diabetes.
J Diabetes Complications 2006;20:252-6. 

6. Tattersall RB, Pyke DA. Growth in diabetic
children: studies in identical twins. Lancet
1973;11:1105-9.

7. Wise JE, Kolb EL, Sauder SE. Effect of glycemic
control on growth velocity in children with IDDM.
Diabetes Care 1992;15:826-30.

8. Brown M, Ahmed ML, Clayton KL, Dunger DB.
Growth during childhood and final height in type
1 diabetes. Diabet Med 1994;11:182-7.

9. Salerno M, Argenziano A, Di Maio S, Gasparini
N, Formicola S, De Filippo G, et al. Pubertal
growth, sexual maturation, and final height in
children with IDDM: effects of age at onset and
metabolic control. Diabetes Care 1997;20:721-4.

10. Lebl J, Schober E, Zidek T, Baldis S, Rami B,
Pruhova S, et al. Growth data in large series of
587 children and adolescents with type 1 diabetes
mellitus. Endocr Regul 2003;37:153-61.

Skeletal maturation in type 1 diabetes Sunil et al



27

11. Du Caju MV, Rooman RP, Op De Beeck L.
Longitudinal data on growth and final height in
diabetic children. Pediatr Res 1995;38:607-11.

12. American Diabetes Association. Standards of
medical care in diabetes—2010. Diabetes Care
2010;33:11-61.

13. Ogden CL, Kuczmarski RJ, Flegal KM, Mei Z,
Guo S, Wei R. Centers for Disease Control and
Prevention 2000 growth charts for the United
States: improvements to the 1977 National Center
for  Health Statistics version. Pediatr ics
2002;109:141-2.

14. Tanner JM, Whitehouse RH, Takaishi M.
Standards from Birth to Maturity for Height,
Weight, Height Velocity, and Weight Velocity:
British Children, 1965. Part II. Arch Dis Child
1966;41:613-35.

15. Tanner JM, Whitehouse RH, Cameron N, Marshall
WA, Healy MJR, Goldstein H. The assessment of
skeletal maturity and the prediction of adult height
(TW2 method), 1983; 2nd ed. Academic Press,
London, U.K.

16. Orchard TJ, Dorman JS, Maser RE, Becker DJ,
Drash AL, Ellis D, et al. Prevalence of compli-
cations in IDDM by sex and duration. Pittsburgh
Epidemiology of Diabetes Complications Study
II. Diabetes 1990;39:1116-24.

17. Massagué J, Blinderman LA, Czech MP. The high
affinity insulin receptor mediates growth
stimulation in rat hepatoma cells. J Biol Chem
1982;257:13958-63.

18. King GL, Kahn CR, Rechler MM, Nissley SP.
Direct demonstration of separate receptors for
growth and metabolic activities of insulin and
multiplication-stimulating activity (an insulinlike
growth factor) using antibodies to the insulin
receptor. J Clin Invest 1980;66:130-40.

19. Shishko PI, Dreval AV, Abugova IA, Zajarny IU,
Goncharov VC. Insulin-like growth factors and
binding proteins in patients with recent-onset type
1 (insulin-dependent) diabetes mellitus: influence

of diabetes control and intraportal insulin infusion.
Diabetes Res Clin Pract 1994;25:1-12.

20. Baxter RC, Bryson JM, Turtle JR. Somatogenic
receptors of rat liver: regulation by insulin.
Endocrinology 1980;107:1176-81.

21. Cianfarani S, Bonfanti R, Bitti MLS, Germani D,
Boemi S, Chiumello G, et al.  Growth and
insulin”like growth factors (IGFs) in children with
insulin”dependent diabetes mellitus at the onset
of disease: evidence for normal growth, age
dependency of the IGF system alterations, and
presence of a small (approximately 18"kilodalton)
IGF”binding protein”3 fragment in serum. J Clin
Endocrinol Metab 2000;85:4162-7.

22. Price DE, Burden AC. Growth of children before
onset of diabetes. Diabetes Care 1992;15:1393-5.

23. Salardi S, Tonioli S, Tassoni P, Tellarini M,
Mazzanti L, Cacciari E. Growth and growth factors
in diabetes mellitus. Arch Dis Child 1987;62:57-62.

24. Hoskins PJ, Leslie RD, Pyke DA. Height at
diagnosis of diabetes in children: a study in
identical twins. Br Med J 1985;290:278-80.

25. Holl R, Heinze E, Seifert M, Grabert M, Teller W.
Longitudinal analysis of somatic development in
paediatric patients with IDDM: genetic influences
on height and weight. Diabetologia 1994;37:925-9.

26. Zhang W, Shen X, Wan C, Zhao Q, Zhang L, Zhou
Q, et al. Effects of insulin and insulin-like growth
factor  1 on osteoblast proliferation and
differentiation: differential signalling via Akt and
ERK. Cell Biochem Funct 2012;30:297-302.

27. Hill DJ, De Sousa D. Insulin is a mitogen for
isolated epiphyseal growth plate chondrocytes
from the fetal lamb. Endocrinology
1990;126:2661-70.

28. Yakar S, Rosen CJ, Beamer WG, Ackert-Bicknell
CL, Wu Y, Liu JL, et al. Circulating levels of IGF-
1 directly regulate bone growth and density. J Clin
Invest 2002; 110:771-81.

29. Lewis CP, Lavy CB, Harrison WJ. Delay in skeletal
maturity in Malawian children. J Bone Joint Surg
Br 2002;84:732-4.

Skeletal maturation in type 1 diabetes Sunil et al


