
1226 DIABETES CARE, VOLUME 21, NUMBER 8, AUGUST 1998

In 1925, Joslin et al. (1) suggested that
c h i l d ren with diabetes were taller at onset
of the disease than nondiabetic peers,

and thus far, contrasting data have been
re p o rted on this issue. Two studies have
re p o rted diff e rent growth patterns during
p rediabetes. One study re p o rted a faster
g rowth velocity before than after onset of
diabetes (2), but the second one, based on
identical nondiabetic twins, re p o rted a
d e c reased growth before diabetes (3).

Diabetic children and adolescents at
onset of the disease have been re p o rted to
be taller (4,5), similar (6,7), or shorter (8,9)

than healthy control subjects. Reasons for
these conflicting findings have not been
clearly identified. After onset of IDDM,
g rowth could be influenced by variables
such as the degree of metabolic contro l
(10), child age (11), and child pubert a l
stage (12). The influence of weight gain on
acceleration of linear growth velocity has
also been documented (13), although few
studies have re p o rted data tracking weight
change after onset of IDDM (6,14).

The aim of the study was to evaluate
changes in height and weight in diabetic
c h i l d ren and adolescents during the first 3

years of diabetes. We examined these
changes as a function of age, pubertal stage,
and metabolic contro l .

RESEARCH DESIGN AND
M E T H O D S — The study sample con-
sisted of 152 Caucasian diabetic patients
(84 boys; 68 girls) followed from diabetes
onset in the Paediatric Diabetes Unit and
80 Caucasian normal subjects (49 boys; 31
girls) assessed in the Outpatient General
Paediatric Clinic of the same hospital for
routine examination and not affected by
p roblems that might influence growth. Dia-
betic patients and control subjects were
consecutively enrolled in the study
between 1989 and 1992; diabetic patients
with positive markers for celiac disease
(positive antiendomysial antibodies) and
t h y roid disease (positive antimicro s o m i a l
antibodies) or any other chronic disease
w e re not considered in the study. Mean
age of diabetic patients (8.9 ± 4.1 years)
and control subjects (8.5 ± 4.2 years) at
re c ruitment in the study was similar.

We re p o rt the auxological data related to
onset and1st, 2nd, and 3rd years of diabetes.
Height was measured by Harpenden sta-
diometer (Holtain, Crymych, Dyfed, U.K.)
and weight with a gauged scale; auxological
data at the follow-up visit were measured at
the anniversary of diagnosis ± 1 week.
Height was calculated in two ways using the
g rowth computer Kabi Pharmacia Gro w t h
Calculator (Pharmacia and Upjohn, Stock-
holm, Sweden): 1) the height standard devi-
ation score (HSDS) and 2) the gro w t h
velocity standard deviation score (SDS).
Weight was expressed as weight standard
deviation score (WSDS). Puberty was
assessed clinically according to Ta n n e r ’s
Table: pre p u b e rtal patients (Tanner stage
P1), early pubertal patients (Tanner stage
P2–P3), and late pubertal patients (Ta n n e r
stage P4–P5). At onset of diabetes, patients
mean HbA1 c was 11.3 ± 2.2%.

P u b e rtal stages and clinical data for
follow-up statistical analyses were obtained
at the end of the 1st, 2nd, and 3rd years of
f o l l o w - u p .

All patients or their parents were
i n s t ructed, at onset of diabetes, to self-
monitor blood and urine for glucose and to
change insulin doses to maintain blood
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G rowth Changes in Children and
Adolescents With Short - Te rm Diabetes
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O B J E C T I V E — Height and weight changes during the first 3 years of diabetes were pro s p e c-
tively followed in 152 diabetic children and adolescents.

RESEARCH DESIGN AND METHODS — The study sample consisted of 152 Cau-
casian diabetic patients (84 boys; 68 girls) followed from diabetes onset in the Paediatric Dia-
betes Unit and 80 Caucasian normal subjects (49 boys; 31 girls) assessed in the Outpatient
General Paediatric Clinic of the same hospital for routine examination and not affected by pro b-
lems that might influence growth. Diabetic patients and control subjects were consecutively
e n rolled in the study between 1989 and 1992; diabetic patients with positive markers for celiac
disease (positive antiendomysial antibodies) and thyroid disease (positive antimicrosomial anti-
bodies) or any other chronic disease were not considered in the study. Mean age of diabetic
patients (8.9 ± 4.1 years) and control subjects (8.5 ± 4.2 years) at re c ruitment in the study was
s i m i l a r.

R E S U LT S — At onset of diabetes, the mean height expressed as the height standard deviation
s c o re (HSDS) was significantly greater than the expected values (P 0.0001) and was inde-
pendent of sex and pubertal stage. During the first 3 years of diabetes, HSDS decreased signifi-
cantly (F = 6.9; P 0.001). Meanwhile, growth velocity as standard deviation score (SDS)
d e c reased significantly between the 1st and 2nd year ( 0.12 ± 2.1; 0.76 ± 2.6, re s p e c t i v e l y ;
P 0.05), but it was similar between the 2nd and 3rd year of diabetes. Weight expressed as SDS
i n c reased significantly during the first 2 years of diabetes but not there a f t e r. Height changes dur-
ing the study period were independent from pubertal stage and sex. Metabolic control and
insulin re q u i rement, in our series, were not clearly related to height and weight changes.

C O N C L U S I O N S — Diabetic patients at onset of diabetes are taller than age- and sex-
matched nondiabetic subjects. During the first years of the disease, linear growth decre a s e s
independently of metabolic control and weight changes.
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glucose levels before meals between 80 and
120 mg/dl and blood glucose levels after
meals between 100 and 160 mg/dl. The
patients were released from the hospital
with 3–4 insulin injections/day of long-
and short-acting insulin and a balanced
diet according to age. Patients were fol-
lowed every 2–3 months at the Outpatient
Paediatric Diabetes Clinic of our Institu-
tion. HbA1 c was assayed by high-perf o r-
mance liquid chromatography (HPLC;
Diamat Biorad, Milan, Italy); re f e re n c e
value in normal subjects for our laboratory
is 6%. The mean HbA1 c during the 1st,
2nd, and 3rd year of diabetes was 7.9 ±
0.3%; 8.1 ± 1.9%; 8.1 ± 1.5%, re s p e c t i v e l y.

Statistical analysis has been perf o rm e d
by analysis of variance (ANOVA), one-sam-
ple/two-sample Student’ s t test, and linear
c o rrelation for continuous data using a
c o m m e rcially available statistical software
( S t a t v i e w, Brainpower, Calabasas CA,).
HSDS has been analyzed by one-sample t
test entering as re f e rence value zero ,
because normal HSDS is equal to zero .
Data were expressed as means ± SD.

R E S U LT S

Height and weight at onset of
diabetes
HSDS was significantly greater than zero
(the normal population mean) in diabetic
patients (0.59 ± 1.04; P 0.0001) but not
s i g n i ficantly greater in healthy control sub-

jects (0.11 ± 1.3; NS). In diabetic patients,
HSDS was similar between boys and girls
(0.49 ± 1.0 vs. 0.72 ± 1.1, respectively) and
between pre p u b e rtal, early pubertal, and
late pubertal patients (0.63 ± 1.0 vs. 0.54 ±
1.1 vs. 0.51 ± 1.0, respectively). WSDS was
s i g n i ficantly lower in diabetic than healthy
c o n t rol subjects ( 0.04 ± 0.94 vs. 0.42 ±
1.41, respectively; P 0.01). In diabetic
patients, weight was similar between boys
and girls (0.01 ± 0.90 vs. 0.09 ± 0.99,
respectively), and between pre p u b e rt a l ,
early pubertal, and late pubertal patients
( 0.06 ± 0.99 vs. 0.15 ± 0.77 vs. 0.14 ±
0.90, respectively). HSDS was inversely
related to HbA1 c (r = 0.174; P 0.05) and
independent from age. WSDS was dire c t l y
related to HSDS (r = 0.515; P 0 . 0 0 0 1 ) ,
inversely related to HbA1 c (r = 0.180; P
0.05), and independent from age.

Height and weight at follow-up
HSDS decreased significantly between
onset of IDDM and the first 3 years of dia-
betes (F = 6.9; P 0.001). However, at
each time point, HSDS signific a n t l y
exceeded the population mean: 1st year (P

0.0001); 2nd year (P 0.002); 3rd year
(P 0.01; Fig. 1). HSDS was independent
f rom pubertal stage. The mean HSDS
among pre p u b e rtal, early pubertal, and late
p u b e rtal patients was 0.37 ± 0.94, 0.32 ±
1.32, and 0.58 ± 1.21, respectively (F =
1.5; NS). HSDS was also similar for boys
and girls matched for pubertal stage.

G rowth velocity SDS decreased signifi-
cantly between the 1st ( 0.12 ± 2.1) and
the 2nd year ( 0.76 ± 2.6), P 0.05, but
it was similar between the 2nd ( 0.76 ±
2.6) and the 3rd year ( 0.39 ± 2.4). Gly-
cosylated hemoglobin was independent
f rom HSDS, but inversely related to gro w t h
velocity as SDS (r = 0.147; P 0 . 0 2 ) .
Insulin dose was independent from HSDS
but positively correlated to growth velocity
SDS (r = 0.148 ; P 0 . 0 1 ) .

WSDS changed significantly between
onset of IDDM and the follow-up (F =
26.3; P 0.0001); WSDS incre a s e d
s i g n i ficantly between diabetes onset and
the 1st-year follow-up, but not subse-
quently (Fig. 2). WSDS was related to
HSDS (r = 0.542; P 0.0001), but inde-
pendent from growth velocity SDS and
p u b e rtal stage. Mean WSDSs for pre p u-
b e rtal, early pubertal, and late pubert a l
patients were 0.56 ± 0.05; 0.07 ± 0.90;
0.36 ± 0.76, respectively (F = 4.02; P
0.05). Boys and girls, matched for pubert a l
stage, were similar re g a rding weight.
Insulin dose as units per kilograms body
weight per day and HbA1 c w e re not re l a t e d
to weight during the follow-up period.

During follow-up, HbA1 c was inde-
pendent from pubertal stage. Mean HBA1 c

values for pre p u b e rtal, early pubertal, and
late pubertal patients were 7.9 ± 1.1, 7.9 ±
1.0, and 8.1 ± 1.2%, respectively (F = 0.4;
NS). However, insulin dose changed
s i g n i ficantly with pubertal stage. The mean
insulin values for pre p u b e rtal, early puber-
tal, and late pubertal patients were 0.73 ±
0.18, 0.76 ± 0.21, and 0.69 ± 0.22, re s p e c-
tively (F = 3.5; P 0.05). Boys and girls,
matched for pubertal stage, were similar
re g a rding HbA1 c and insulin dose in early
and late pubertal patients, but not in pre-
p u b e rtal patients: 0.70 ± 0.15 vs. 0.80 ±
0.17 U k g 1 d a y 1; P 0 . 0 0 0 1 .

C O N C L U S I O N S — Our data, in accor-
dance with previous studies, suggest that
diabetic children and adolescents at onset of
diabetes are taller than nondiabetic subjects
(2,4,5). Glycosylated hemoglobin at onset of
diabetes was inversely related to HSDS
excess. This could be explained by the neg-
ative effect of hyperglycemia on growth fac-
tors or by a greater loss of the metabolic fuels
(glucose, proteins, fats ) associated with the
s e v e re insulin defic i e n c y, as suggested by
the inverse relationship between weight and
H b A1 c and the positive relationship between
weight and HSDS. We have no data to sup-
p o rt one of the two hypotheses; however, it

F i g u re 1—HSDS in normal subjects ( ) and diabetic patients ( ) at onset and 1st, 2nd, and 3rd years
of diabetes. The top and bottom of the box and the line through the middle correspond to 75th perc e n t i l e ,
25th percentile, and 50th percentile, respectively; lines above the top and below the bottom of the box
correspond to the 90th percentile and 10th percentile; square symbol represents the arithmetic mean.
ANOVA between onset of IDDM and the three follow-up time points (F = 6.9; P 0.001). One-sam-
p l et test: NS; onset IDDM (P 0.0001); 1st-year IDDM (P 0.0001); 2nd-year IDDM (P 0 . 0 0 2 ) ;
3rd-year IDDM (P 0.01).
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Linear growth after onset of childhood diabetes

could be possible that during the pre d i a b e t i c
period, growth factors increase because of
the pro g ressive insulin defic i e n c y, but that at
the onset of diabetes, the severe metabolic
derangement negatively modifies the eff e c t
of growth factors. High levels of insulin-like
g rowth factor binding protein (IGFBP-I),
which reduce the effects of IGF-I, have been
re p o rted in diabetic children during poor
metabolic control (15). More o v e r, during
follow-up, HSDS decreased signific a n t l y ;
poor metabolic control signific a n t l y
d e c reases growth in diabetic patients
(10,16), but in our series, metabolic contro l
was good and HbA1 c levels during follow-up
w e re not related to HSDS. There f o re, the
HSDS decrease during follow-up could
re flect the reduction of growth factor excess
at onset of diabetes as suggested by others
(16), even if we have no biological data to
c o n firm this hypothesis.

In patients 5–10 years old, gre a t e r
HSDS than that before or after this age-
g roup (11) has been re p o rted by some
authors but not by others (16,17); in our
s t u d y, sex and age were independent fro m
HSDS. During follow-up, insulin dose was
independent from HSDS but positively
related to growth velocity. Insulin re d u c e s
IGF-I binding protein (17) and conversely
accelerates linear growth. During pubert y,
insulin resistance is associated with the
i n c rease of serum insulin concentration
(15–19), and in our diabetic patients,
insulin dose was slightly but signific a n t l y
higher in patients with in stage P2–P3

(early puberty) than in patients in Ta n n e r
stages P1 and P4–P5 (late puberty). How-
e v e r, HSDS at follow-up was independent
f rom pubertal stage.

G rowth velocity in nondiabetic
patients declines during weight re d u c t i o n
(20) and increases during weight gain (21).
In our series we have observed, during the
1st and 2nd years, a pro g ressive weight
gain, but growth velocity SDS was inde-
pendent of weight as previously re p o rt e d
by others in diabetic children and adoles-
cents with diabetes (6 ).

In short - t e rm diabetic patients, higher
HSDS has been re p o rted in late pubert a l
patients than in pre p u b e rtal and early
p u b e rtal patients (12), and a signific a n t
loss of HSDS, according to the final height,
has been noted only in patients with onset
of diabetes between 5 and 10 years of age
(11). In our study, HSDS excess was inde-
pendent of pubertal stage both at onset
and at follow-up and was similar between
boys and girls matched for pubertal stage.

In conclusion, diabetic patients at
onset of diabetes are taller than age- and
sex-matched nondiabetic subjects. During
the first years of the disease, linear gro w t h
d e c reases without any clear re l a t i o n s h i p
with metabolic control and weight changes.
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