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Abstract
Objective
In this study, we aimed to determine the linear growth and final height in children/adolescents with type 1
diabetes mellitus (T1DM) at a tertiary care hospital.

Methodology
This observational study was conducted at the Baqai Institute of Diabetology and Endocrinology (BIDE),
Baqai Medical University, Karachi, Pakistan. All children/adolescents diagnosed with T1DM of either
gender aged between 8-18 years visiting the outpatient department of BIDE were included after obtaining
informed consent. A predesigned questionnaire was developed to record data. The Centers for Disease
Control and Prevention (CDC) growth chart was plotted and growth velocity was checked every six months
to observe the linear growth. The final height was compared with the targeted height of the respective
participants.

Results
A total of 66 people participated in the study (24 males and 42 females); among them, the mean age at
diagnosis was 11.17 ± 4.77 years, and the duration of diabetes [median (IQR)] at the first visit was one year
(0-3). The mean age at menarche was noted to be 13.56 ± 1.41 years. The overall height [standard deviation
score (SDS)] at the first visit was -0.62 ± 2.58 and it was -1.34 ± 0.94 at the last visit; the overall weight at the
first visit (SDS) and at the last visit was -1.23 ± 2.77 and -1.14 ± 1.25 respectively. Furthermore, the overall
mid-parental height was 160.9 5 ± 10.28 cm, and 50% of males and 85.7% of females achieved genetic target
height with a significant difference between them (p = 0.002).

Conclusion
A large number of people with TIDM were not able to achieve their target height. Therefore, it is imperative
to monitor metabolic control along with monitoring of growth in young people with T1DM.

Categories: Endocrinology/Diabetes/Metabolism, Epidemiology/Public Health, Nutrition
Keywords: diabetes mellitis, type i diabetes mellitus, adolescent, children, linear growth

Introduction
Type 1 diabetes mellitus (T1DM) is one of the most common chronic endocrine disorders among children
and adolescents [1]. According to the International Diabetes Federation Atlas 9th edition 2019
estimates, around 1.98 billion children (0-14 years) and 2.58 billion adolescents (0-19 years) have type 1
diabetes globally [2]. In Pakistan, the incidence of T1DM has been reported to be 1.02 per 100,000 per year
[3]. As the incidence of this disease is increasing worldwide, diabetic complications have come to represent a
major concern despite the advances in treatment.

Impaired growth, one of the long-term consequences of T1DM, is described as a growth rate that is under
the appropriate growth velocity for both age and gender [4]. Chronic hyperglycemia and severe insulin
deficiency in people with T1DM are known to be associated with impaired linear growth, which is a complex
physiological process influenced by nutritional, endocrinological, and psychological factors [5]. In children
with uncontrolled T1DM, lower levels of growth hormones (GH), insulin-like growth factor (IGF) types I and
II, their receptors, and high-affinity binding proteins such as IGF-binding proteins (IGFBP-1 to IGFBP-6)
may also be observed. However, with the enhancement of glycemic control, the IGF type I level increases to
produce a compensatory acceleration of growth [6]. It has been established that in people with T1DM,
particularly during puberty, some alterations in the GH/IGF-1 with poor metabolic control exist,
characterized by the hypersecretion of GH and a reduction in IGF-1 as well as an increase in IGFPB-1 levels
[7]. It has also been reported that low IGF-1 levels cause reduced negative feedback to the pituitary gland
and produce GH hypersecretion, the most important factor contributing to insulin resistance during
pubertal age in people with T1DM [8]. However, previous studies have also reported that the decreased
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height growth may be determined by the duration of the disease rather than the degree of metabolic control
[9].

In literature, the effects of T1DM on growth are still unclear and being debated. Data regarding linear
growth is scarce in Pakistan. Therefore, this study was designed to determine the linear growth and final
height in people with T1DM at a tertiary care hospital in Karachi, Pakistan.

Materials And Methods
This observational study was conducted at the Baqai Institute of Diabetology and Endocrinology (BIDE), a
tertiary care center in Karachi, Pakistan. The duration of the study was 20 years, from January 2001 to April
2021. Ethical approval for the study was obtained from the Institutional review board at BIDE (IRB no. Ref:
BIDE/IRB/WASHAIKH/08/20/20/0233). Informed consent was obtained from each participant prior to their
enrolment in the study.

All children/adolescents diagnosed with T1DM of either gender aged between 8-18 years visiting the
outpatient department of BIDE were included by using non-probability consecutive sampling technique,
whereas people with a known case of celiac disease, thyroid disorders, and hypercortisolism were excluded.
A predesigned questionnaire was developed for data records. It included demographic and anthropometric
details, comprehensive history, clinical examination, treatment details, and relevant investigations.

The height of the study participants and parents was measured in centimeters (cm) using a stadiometer and
mid-parental height was calculated by using the following formula:

In boys, [(Father's Height + Mother's Height + 13)/2], and in girls, [(Father's Height - 13 +
Mother's Height)/2].

Weight was measured in kilograms (kg) on a calibrated digital weighing machine. The Centers for Disease
Control and Prevention (CDC) growth chart was plotted and growth velocity was checked every six months
to observe the linear growth. The final height was compared with the targeted height of the respective
participants.

Statistical analysis
Summary statistics were expressed as arithmetic mean ± SD, median (IQR), or number (percentage). Analysis
of variables was done using the Student's t-test, Mann-Whitney U test, chi-squared test, and Pearson
correlation coefficient as appropriate. A p-value <0.05 was considered to be statistically significant.

Results
Overall, 66 children/adolescents with type 1 diabetes (42 females and 24 males) were included in our study.
The mean age at diagnosis was 12.92 ± 4.23 years in males and 10.17 ± 4.82 years in females, whereas the
duration of diabetes at first visit was 0.5 years (IQR: 0-2.75) in males and one year (IQR: 0-3) in females (p =
0.733). The demographic characteristics and clinical parameters of the cohort are shown in Table 1.
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Variables Male (n = 24) Female (n = 42) P-value Overall (n = 66)

Age at diagnosis, years, mean ± SD 12.92 ± 4.23 10.17 ± 4.82 0.023 11.17 ± 4.77

HbA1c at first visit, %, mean ± SD 11.29 ± 3.48 11.07 ± 2.45 0.778 11.14 ± 2.81

HbA1c at last visit, %, mean ± SD 9.9 ± 3.03 9.02 ± 1.87 0.16 9.32 ± 2.33

Duration of diabetes at first visit, years, median (IQR) 0.5 (0-2.75) 1 (0-3) 0.733 1 (0-3)

Weight at first visit, SDS, mean ± SD -1.81 ± 1.27 -0.9 ± 3.31 0.201 -1.23 ± 2.77

Weight at last visit, SDS, mean ± SD -1.74 ± 1.14 -0.81 ± 1.2 0.003 -1.14 ± 1.25

Height at first visit, SDS, mean ± SD -1.15 ± 1.01 -0.32 ± 3.12 0.211 -0.62 ± 2.58

Height at last visit, SDS, mean ± SD -1.56 ± 1.01 -1.22 ± 0.89 0.165 -1.34 ± 0.94

BMI at first visit, SDS, mean ± SD -1.75 ± 1.57 -1.12 ± 2 0.19 -1.35 ± 1.87

BMI at last visit, SDS, mean ± SD -1.05 ± 1.42 -0.15 ± 1.18 0.007 -0.47 ± 1.34

Family history of diabetes, n (%) 9 (37.5%) 14 (33.3%) 0.733 23 (34.8%)

TABLE 1: Demographic and clinical characteristics of the study participants (n = 66)
P-value <0.05 considered statistically significant

SD: standard deviation; SDS: standard deviation score; IQR: interquartile range

The comparison of targeted height in type 1 diabetes with respect to gender revealed that 12 (50%) males
and most of the females (36, 85.7%) achieved their targeted height with a significant difference between
them (p = 0.002), as shown in Table 2.

Targeted height Male Female P-value Overall

N 24 42  66

Not achieved 12 (50%) 6 (14.3%)
0.002

18 (27.3%)

Achieved 12 (50%) 36 (85.7%) 48 (72.7%)

TABLE 2: Genderwise comparison of targeted height achievement in study participants

The height [standard deviation score (SDS)] of males and females with type 1 diabetes significantly
decreased with the increased duration of diabetes (p: <0.0001). Furthermore, there was a negative
correlation observed between height and duration of diabetes in males (r = -0.382) and females (r = -0.231)
during the follow-up as revealed in Figures 1, 2.
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FIGURE 1: Height (SDS) of diabetic male children and adolescents in the
follow-up duration
r = -0.382; p<0.0001

SDS: standard deviation score
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FIGURE 2: Height (SDS) of diabetic female children and adolescents in
the follow-up duration
r = -0.231; p<0.0001

SDS: standard deviation score

The BMI (SDS) of males with type 1 diabetes revealed that BMI insignificantly increased with the increased
duration of diabetes (p = 0.07). Furthermore, there was a weak positive correlation observed between BMI
and the duration of diabetes in males (r = 0.163), as shown in Figure 3. However, female
children/adolescents with type 1 diabetes had a significant increase in their BMI (SDS) with the increasing
duration of diabetes (p: <0.0001). Moreover, there was a moderate positive correlation observed between
BMI and the duration of diabetes in females in the follow-up duration (r = 0.358), as shown in Figure 4.
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FIGURE 3: BMI (SDS) of diabetic male children and adolescents in the
follow-up duration
r = 0.163; p = 0.07

BMI: body mass index; SDS: standard deviation score
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FIGURE 4: BMI (SDS) of diabetic female children and adolescents in the
follow-up duration
r = 0.358; p<0.0001

BMI: body mass index; SDS: standard deviation score

Discussion
The present study demonstrated that the majority of the females with type 1 diabetes achieved targeted
height whereas only half of the males reached the targeted height. Moreover, a significantly negative and
weak correlation was found for height (SDS) of children/adolescents with the duration of diabetes in both
males and females in the follow-up duration. Furthermore, a significantly positive weak correlation for BMI
(SDS) with the duration of diabetes was observed in females in the follow-up duration.

In our study, the mean age at diagnosis of diabetes was 11.17 years. The mean height (SDS) for boys and girls
at the first visit was -1.15 and -0.32 respectively, whereas the mean final height (SDS) at the last visit for boys
and girls was -1.56 and -1.22 respectively. In contrast to our findings, another longitudinal study showed a
mean age of 8.70 years at the beginning of the disease and reported the mean final height (SDS) for boys as
+0.14 and that for girls as -0.57. The final heights of girls in that study were considerably shorter as
compared to their targeted heights [10]. In this study, the mean height of males was -1.15 ± 1.01 and it was -
0.32 ± 3.12 in females at the time of presentation with an insignificant difference between them. In contrast
with this, the research done by Bonfig et al. who studied 22,651 Austrian and German children with
T1DM revealed that their mean height (SDS) at the time of diagnosis was substantially greater than that of
the normal healthy people [11].

Various data analyses have shown that children with T1DM demonstrate a decrease in height (SDS) and
growth rate following the onset of the disease in the prepubertal years [12]. Moreover, the growth velocity is
likely to be affected by the age of onset of T1DM, with the most severe impairment of growth occurring in
children with disease onset at early childhood [11-13]. Our study findings are consistent with those of the
above-mentioned study and showed that children with T1DM showed decreased height (SDS) subsequent to
disease onset in the prepubertal years.

Based on further interpretation, a lot of researchers have analyzed the growth pattern as a prognostic factor
for the progression of disease in children prior to the onset of T1DM [14,15]. Several studies have verified
that a quick gain of weight, height, and BMI in the prepubertal stage relates to the progression of islet
autoimmunity and, subsequently, the beginning of T1DM in children [12,16]. However, in our study, growth
parameters such as height, weight, and BMI (SDS) were lower than those of healthy peers. The height
increased while weight and BMI significantly decreased with the increased duration of diabetes, but the
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height was still below that of the healthy peers. Another study has shown that after the achievement of final
height in girls with type 1 diabetes, their mean weight-for-height (SDS) was +0.76, indicating that they have
a propensity to grow obese [10]. Similarly, our study revealed that BMI significantly increased with the
increased duration of diabetes predominantly in females while height (SDS) significantly decreased with the
increased duration of diabetes. In spite of the described growth abnormalities, many studies have
demonstrated that T1DM children attain a normal or only slightly decreased ultimate height than the
mentioned population [17-19].

A few studies have described a relationship between the duration of T1DM and final adult height, with
poorer growth in patients with a prolonged period of diabetes [20,21]. Our study findings are consistent with
the above-reported study and showed that only half of the boys achieved targeted height, whereas most of
the girls attained their targeted heights. Our results are also in agreement with an earlier study that
demonstrated sex-specific differences in terms of these parameters. It was found that during the pubertal
growth, girls reached the peak of height velocity due to higher serum IGF-I and estrogens levels in females
having a stronger impact than androgens on GH signaling [22].

Another important factor that influences final height in T1DM patients is glycemic control [23,24]. A study
by Bonfig et al. involving 1,685 German children with T1DM observed a mean final adult height of 167.1 ± 6.2
cm (SDS: -0.16 ± 0.97) in girls and 179.6 ± 7.1 cm (SDS: -0.17 ± 1) in boys with an insignificant difference
between both genders; the studied children were further classified on the basis of glycemic control and they
observed that groups with HbA1c <7% achieved an ultimate adult height (SDS) of +0.030, while groups
with HbA1c levels of 7-8% had an ultimate adult height (SDS) of -0.122, and those with sub-standard
metabolic control (HbA1c >8.0%) had an ultimate adult height (SDS) of -0.308 [25]. Our study is in
agreement with the above-cited studies and reported the mean final height (SDS) to be -1.56 ± 1.01 in males
and -1.22 ± 0.89 in females. Furthermore, the mean final HbA1c was found to be 9.9 ± 3.03% in males and
9.02 ± 1.87% in females, indicating that poorly controlled glycemic levels tended to reduce height
irrespective of gender.

This is a unique study as data regarding linear growth in Pakistani adolescents with T1DM is limited.
However, our study has a few limitations. This was a single-center analysis and the sample size was
relatively small. Also, there were some confounders that may have affected the target height (i.e.,
socioeconomic status and nutrition), which were not taken into account.

Conclusions
Based on our findings, a large number of people with type 1 diabetes were not able to achieve their targeted
height. Therefore, it is crucial to monitor metabolic control along with the monitoring of growth in young
people with type 1 diabetes to reduce the risk of growth impairment. Our results also revealed that weight
and BMI significantly increased with poor glycemic control and the duration of diabetes.
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