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Abstract
Objective: This single-center cross-sectional study analyzed 250 children and adolescents (aged 5—17 years) with
type 1 diabetes mellitus (TIDM) in the Kyrgyz Republic to assess the effect of TLDM duration on anthropometric
parameters and key hormonal growth markers (glycated hemoglobin Alc (HbAlc), growth hormone (GH), and
insulin-like growth factor 1 (IGF-1) SDS). We hypothesized that longer duration of chronic TIDM and related GH-IGF-
1 axis disruption are more strongly associated with linear growth disorders than current glycemic control.
Methods: Anthropometric data (SDS height/weight) and hormonal levels were compared across groups categorized
by disease duration (newly diagnosed, 1-5 years, and >6 years).
Results: Children with TIDM duration over 6 years exhibited markedly lower height SDS compared to both newly
diagnosed (p<0.001) and 1-5-year groups (p=0.006). Mean IGF-1 SDS significantly decreased with increasing disease
duration (p=0.010), indicating worsening GH—IGF-1 axis dysfunction. Although mean HbA1lc improved gradually with
duration, the overall level remained suboptimal (10.7%). The duration of the disease (B = —0.338; 95%Cl -0.204 — -
0.097, p < 0.001), the age of TIDM manifestation (B = 0.153; 95%Cl 0.011 — 0.105, p =0.015), SDS IGF1 (B = -0.245;
95% Cl 0.046 — 0.254, p =0.012) and SDS weight (B = 0.524; 95% Cl 0.484 — 0.718, p < 0.001) had a significant effect
on the SDS of height, while the other GH variables (B = 0.037; p = 0.558), HbAlc (B = —0.015; p = 0.809) did not make
a statistically significant contribution.
Conclusions: These findings confirm that longer disease duration is significantly associated with linear growth
impairment in children with TIDM, underscoring the need for early and aggressive intervention to minimize
cumulative exposure.
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Highlights

1. Duration of type 1 diabetes mellitus greater than 6 years is significantly associated
with decreased SDS growth indices in children and adolescents.

2. Growth delay is directly linked to progressive dysfunction of the GH-1GF-1 axis,
manifested by decreased IGF-1 levels with increasing disease duration.

3. Disease duration has a stronger association with growth impairment than current
HbA1c levels.
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/ Objective
» Assessing the impact of TIDM duration on

anthropometric parameters in children
Studying the dynamics of laboratory and hormonal
markers (HbAlc, GH, and SDS IGF-1) depending
on disease duration
Testing the hypothesis that longer disease duration
and associated disturbances in the GH-IGF-1 axis

\ are more strongly associated with delayed linear )

\; growth than current glycemic control (HbAlc).

Materials and methods
* Study: cross-sectional
*  Sample size: 250 patients with T1DM (girls 52.4%
and 119 boys 47.6%)
* Age patients: 5 to 17years (12.06 +3.3)
*  Grouping by duration of TIDM:
newly diagnosed
1-5 years
more than 6 years
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Introduction

Type 1 diabetes mellitus (T1DM) is one of the most
common chronic endocrine diseases affecting children
and adolescents (1). Given its high prevalence (2) and
potential long-term effects, monitoring children's
physical growth and development is vital for their
overall care and well-being (1, 3). Adolescents with
poor control may experience stunted growth. T1DM,
like other chronic illnesses, can impact growth and
puberty (4).

Growth issues in TIDM are closely linked to the
dysregulation of the growth hormone (GH)-insulin-
like growth factor 1 (IGF-1) axis (4, 5). These
alterations result from poor metabolic control and
endogenous insulin deficiency. Insulin plays a crucial
role in this axis, as GH's action must be translated into
IGF-1 production by the liver (3). When insulin does
not reach the liver via the portal vein, the liver
becomes resistant to GH, leading to decreased IGF-1
production and serum levels. In response, the
pituitary gland compensatorily secretes more GH,
causing hypersecretion of GH. These changes in the
GH/IGF-1 axis- lower IGF-1 and higher GH levels- are
characteristic features seen in patients with TIDM (5).
Previous studies on how T1 DM affects growth and
final height offer mixed results (2). Some suggest that
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The need for early intervention

Aggressive metabalic control i required from the onset of the
disease to minimize growth retardation.
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height reduction is most noticeable when disease
occurs before puberty, although children might be
taller at debut (5). It is widely accepted that poor
glycemic control and longer disease duration
influence height (6, 7). Nonetheless, despite these
observations, the direct link between uncontrolled
diabetes, early TIDM diagnosis, and increased risk of
disrupted final linear growth remains uncertain,
warranting further research.

Since anthropometric data in children with TIDM can
be limited in some regions (1), and to better
understand the mechanisms behind growth
impairment, this study analyzed a large sample of
children and adolescents with TIDM.

The goal was to evaluate how T1DM duration affects
growth parameters (height, weight, body mass index
(BMI)) and to observe changes in HbAlc and key
hormonal markers (GH and IGF-1 SDS) based on
disease duration.

We hypothesized that longer duration of chronic
T1DM and related GH-IGF-1 axis disruption are more
strongly associated with linear growth disorders than
current glycemic control (glycated hemoglobin Alc
(HbA1c)).
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Methods

Study design and sampling

A single-center cross-sectional observational study
with TIDM was carried out in the endocrinology
department of the National Center for Maternal and
Child Health of the Kyrgyz Republic from October
2023 to October 2024.

A convenience sampling method was employed,
involving 250 children aged 5 to 17 years with a
diagnosis of TIDM, who were recruited during their
inpatient visits and provided informed consent.
Exclusion criteria: age under 5 years, concomitant
diseases in children, congenital hypothyroidism,
pituitary nanism, refusal to participate, and severe
somatic and mental diseases. Patients’ groups were
stratified by diabetes duration (0, 1-5, and >6 years)
to assess the long-term impact of metabolic control
on linear growth, which is a recognized
methodological approach in studying the chronic
complications of diabetes: with newly diagnosed
diabetes (n=41), with a diabetes history of 1-5 years
(n=151), and with a diabetes history of >6 years
(n=58).

Ethical review: the study protocol was approved by
the Ethics Committee of the Kyrgyz Medical Academy
named after I. K. Akhunbaev, protocol number 18.
dated 05/15/2022. All subjects were examined after
providing informed consent from their
parents/guardians. The study was conducted
according to the rules of Helsinki 2024 agreement on
human studies.

Baseline variables

We collected demographic data (age, sex), medical
history data as the total duration of diabetes and age
at onset of T1DM. Clinical examinations included
anthropometric measurements, physical examination
and laboratory data evaluation. Treatment
information: all patients received insulin replacement
therapy and were trained in self-management
programs.

Anthropometric measurements

Anthropometric measurements included standard
measurements of height, body weight, and body mass
index (BMI) were calculated. Anthropometric
indicators were standardized against age-sex norms
and reported as standard deviations (SDS) according
to WHO growth standards (11).

Laboratory and hormone analysis

The following laboratory  parameters were
determined to assess the metabolic status and
hormonal profile:

1. HbAlc: Measured to assess mean glycemic control
over the previous 3 months.

2. GH and IGF-1 hormone concentrations were
determined using the GH and IGF-1 ELISA Kit from
DRG International, a Biocheck Company (Germany),
using an enzyme-linked immunosorbent assay (ELISA)
(Mindray MR-96A). Blood sampling was carried out in
the morning, on an empty stomach (at least 8 hours
after meals). The GH level was determined in
accordance with the standards specified in the assay
kit (reference range 0.1-7.7 ng/mL).

3. IGF-1 SDS values were calculated using an online
calculator (Child Metrics, Turkish Society for Pediatric
Endocrinology and Diabetes)
(https://childmetrics.org/IGF), based on age- and sex-
specific reference data.

Statistical analysis

Statistical processing of the study results was carried
out using the program "SPSS", version 16.0 for
Windows (IBM, New York, USA). To assess differences
between groups of patients with different durations
of TIDM (newly identified, 1-5 years, more than 6
years), appropriate method of comparative analysis
for multiple groups (ANOVA) was used, and the results
are presented as F and p-values.

The relationships between the variables (duration of
T1DM, SDS growth, HbAlc, SDS IGF1, GH) were
assessed using correlation analysis (Pearson).

Multiple linear regression analysis was used to
determine the independent effect of various clinical
and hormonal variables on growth SDS. Variables such
as disease duration, age of onset of TIDM, SDS IGF-1,
weight SDS, GH, and HbAlc were included in the
regression model. Statistically significant differences
at the p<0.05 level were considered.

Results

The study included 250 children with TIDM, including
131 (52.4%) girls and 119 (47.6%) boys. The average
age of the children was 12.1 (3.3) years. The average
HbA1lc level was 10.7 (2.7)%.

Comparative analysis showed that the duration of
TIDM  showed a pronounced effect on
anthropometric growth indicators. Children with
T1DM for more than 6 years demonstrated a 1.09 unit
decrease in mean SDS height compared to those with
newly diagnosed T1DM (from 0.08 to -1.01). Although
body weight (SDS) and BMI also showed a tendency to
change with T1IDM duration, these differences did not
reach statistical significance (p = 0.070; p = 0.072).
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In children newly diagnosed with diabetes, the HbAlc
was significantly higher (p < 0.001), reaching 12.3
(2.5)%. In the group of children with TIDM for 1 to 5
years, this indicator decreased to 10.5 (2.7)%, and in
children with TIDM for more than 6 years, it was 10.5

(2.6)%. IGF-1 SDS levels in patients with different
durations of diabetes mellitus revealed significant
differences (p = 0.010). The data demonstrated that
mean IGF-1 SDS values decrease with increasing
T1DM duration (Table 1).

Table 1. Anthropometric and laboratory parameters in children with TIDM depending on the duration of

the disease

Newly

_ . 1-5 years >6 years p

Index n=250 diagnosed (n=151) (n=58) F (ANOVA)

(n=41)
SDS height -0.42 (1.4) 0.08 (1.5) -0.34 (1.3) -1.01(1.5) 8.1 <0.001""
SDS weight 0.52(1.3) -0.55 (1.5) -0.38(1.2) 084(13) | %7 0.070
BMI, kg/m? 17.5(2.8) 16.6 (3.1) 17.6 (2.6) 17.8 (2.9) 2.7 0.072
HbAlc, % 10.8(2.7) 12.3 (2.5) 10.5 (2.7) 10.5 (2.6) 7.9 <0.001"
GH, ng/ml 6.9(1.2) 3.9 (0.6) 7.4 (0.9) 7.7 (1.3) 2.4 0.092
IGF1 SDS -1.5(1.2) -1.62 (1.4) -1.35(1.2) -1.90 (0.9) 4.7 0.010"

Data are presented as mean (SD). ANOVA test for independent groups.
p<0.01* — statistically significant, p <0.001** - statistically significant
BMI — body mass index, GH — growth hormone, IGF 1 - insulin-like growth factor I, TLDM — type | diabetes mellitus

Correlation analysis showed that the duration of
T1DM is negatively and significantly correlated with
the growth of SDS (r = -0.33, p < 0.001), with the level
of HbA1lc (r = -0.15, p = 0.01), and with SDS IGF1 (r = -
0.14, p = 0.02). No statistically significant correlation
between HbAlc and growth was found (p = 0.446).
Similarly, the association between HbAlc and SDS
IGF1 was not statistically significant.

To determine the direct influence of factors on the
growth of SDS, a multiple linear regression was

performed. The duration of the disease (B = -0.338; p
< 0.001), the age of TIDM manifestation (B = 0.153; p
= 0.015), SDS IGF1 (B = -0.245; p = 0.012) and SDS
weight (B = 0.524; p < 0.001) had a significant effect
on the SDS of height, while the other GH variables (B =
0.037; p = 0.558), HbA1c (B = —0.015; p = 0.809) did
not make a statistically significant contribution (Table
2).

Table 2. Multiple linear regression for SDS height

Index B SE t p 95% Cl
Duration  of ~ the | ;333 0.027 5.556 <0.001 10.204 - -0.097
disease

T1DM manifestation | 0.153 0.024 2.441 0.015 0.011-0.105
SDS IGF1 0.245 0.076 1360 0.012 0.046 - 0.254
SDS weight 0.524 0.060 10.101 <0.001 0.484—0.718
HbALc 10.015 0.034 0.242 0.809 10.074-0.058

Cl — confidence interval, HbAlc — glycated hemoglobin Alc, IGF 1 - insulin-like growth factor I, TIDM — type |

diabetes mellitus

Discussion

In this study, it should be noted that the average
HbAlc level in the sample (10.7%) is quite high, which
indicates suboptimal or poor glycemic control in a

significant proportion of patients, since optimal
control, according to international recommendations,
is usually defined as a level below 7.0% (8).
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Anthropometric disorders and disease duration of
TiDM

The main result of the study is that the duration of
T1DM is a factor significantly associated with lower
linear growth. Comparative analysis showed that
children with TIDM duration over 6 years of age
showed markedly low SDS growth rates compared to
both children with newly diagnosed T1DM (p < 0.001)
and children with the disease from 1 to 5 years of age
(p = 0.006). This result is consistent with the data of
other studies that have found that a longer course of
the disease and an earlier age of TIDM manifestation
are associated with worse growth and a decrease in
final height (5). For example, patients with growth
retardation have been shown to have an earlier age of
onset and a longer duration of diabetes (4).

The results of the correlation analysis confirm the
complex relationships between disease duration,
metabolic control, and height. This suggests a potential
link between disease duration and stunted growth of
chronic disease, which is a powerful factor that
negatively affects linear growth. Many studies,
including longitudinal studies, have shown that the
duration of diabetes is a key factor associated with
stunted growth and reduced final height (8).
Interestingly, although body weight (SDS) and BMI also
showed a tendency to change with the duration of
T1DM, these differences did not reach statistical
significance. This may indicate that while the effect of
disease duration on linear height is pronounced, the
effect on weight is less straightforward in this cohort.
However, other studies note that children with TIDM
may be shorter and slimmer compared to the control
group (1), although in recent years there has been a
trend towards an increase in BMI and the prevalence of
obesity in children with TLDM against the background
of improved insulin therapy (9).

Dynamics of glycemic control (HbA1c)

The HbAlc analysis showed that the highest rate was
observed in children with newly diagnosed diabetes.
This is expected, since during the period of
manifestation of the disease, metabolic control is
absent or extremely insufficient. In the groups with the
duration of the disease from 1 to 5 years and more
than 6 vyears, this indicator decreased. These data
suggest a gradual improvement in HbAlc control with
increasing time from disease onset, reflecting the
initiation of treatment and education programs, which
is supported by a statistically significant, albeit weak,
negative correlation between the duration of T1DM
and HbAlc levels. This reflects the initiation and
intensification of treatment (9)

However, despite the formal improvement over the
onset, the mean HbA1c level remains in the category of
poor glycemic control (above 9.0%). It should be noted
that the lack of a statistically significant association
with current HbA1lc levels in the regression model (p =
0.809) does not mean that glycemic control is not
important for growth. A large Swedish study found that
poor glycemic control (HbAlc > 9%) was associated
with a significant reduction in final height and an
increased risk of short stature in boys. Thus, even if the
control is improved, prolonged exposure to high HbAlc
levels (as in the >6 years group) is the main factor
negatively affecting growth (8).

Hormonal indicators and the GH-IGF-1 axis

Hormonal results show significant differences in SDS
IGF-1 levels depending on the duration of TIDM (p =
0.010). At the same time, the mean values of IGF-1 SDS
show a decrease depending on the duration of TIDM.
The decrease in IGF-1 levels with increasing duration of
the disease is a critical finding, as it indicates an
aggravation of GH-IGF-1 axis dysfunction (5, 3). This is
confirmed by the negative correlation between the
duration of TIDM and SDS IGF1. This decrease in IGF-1,
which is a key mediator of growth, explains the
observed disruption of linear growth (10).

In conditions of chronic lack of portal insulin, liver
resistance to GH develops, which leads to a decrease in
the production of IGF-1. This decrease in IGF-1 levels is
directly related to impaired linear growth (4). The fact
that IGF-1 SDS decreases with increasing duration of
T1DM, despite the tendency to improve HbAlc, may
indicate that compensation for systemic hyperglycemia
by subcutaneous insulin administration is not able to
fully restore the normal function of the GH-IGF-1 axis,
since it does not eliminate insulin deficiency in the
portal vein (10). This leads to continued growth
disorders, which is confirmed by data on low growth
rates in the group with a long history of diabetes (1).

At the same time, there was a tendency for the GH
level to gradually increase from the minimum to the
maximum corresponding to the norm as the duration of
T1DM increased, although this increase did not reach
statistical significance (p > 0.05). This is consistent with
a pathophysiological model in which a decrease in IGF-1
leads to compensatory hypersecretion of GH due to a
weakening of the negative feedback mechanism (5). It
must be explicitly stated that single-point fasting GH
measurement is not a reliable method for assessing the
secretory status of the GH-IGF-1 axis in this study. Due
to the distinct pulsatile pattern of GH, these results
should not be used to draw definitive physiological
conclusions regarding the hypersecretion or deficiency
of the hormone.
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Dynamic testing or profiling is necessary to make
definitive conclusions about GH levels. This limitation
likely explains why the observed trend toward
increased GH did not reach statistical significance in
the group comparison (p=0.092). For future studies
aiming at a more detailed evaluation of liver
sensitivity to growth hormone, it is recommended to
use more stable indicators. Specifically, calculating the
IGF-1/GH ratio can act as an additional research
marker for GH-IGF-1 axis dysfunction, as it reflects the
liver's sensitivity to GH and encompasses both
hypersecretion of GH and reduced IGF-1 production.
To better understand the relationship between clinical
and hormonal parameters, as well as anthropometric
indicators, correlation and multiple linear regression
analyses were conducted.

Independent predictors of growth and the role of
chronic exposure

The most significant independent predictors of SDS
growth were:

1. Disease duration. The fact that disease duration
was the strongest factor inversely associated with
growth performance confirms the significance of
chronic metabolic imbalance over many years. It is a
clinical variable reflecting the chronological
progression of the disease. This explains why the
current HbAlc level, which reflects carbohydrate
metabolism status only over the past three months,
did not show a statistically significant independent
association with the SDS growth score within this
regression model (8).

2. Weight SDS, which reflects the expected
relationship, since height and weight are interrelated
anthropometric indicators; taller children tend to
have more weight (4, 10).

3. Age of T1IDM manifestation. A positive B ratio
indicates that a later age of onset is associated with
better growth rates. This is consistent with evidence
that the onset of diabetes before puberty can lead to
lower final height (5).

4. IGF1 SDS. Although physiologically IGF-1 stimulates
growth, its negative B coefficient in this model may
indicate complex dysfunction of the GH-IGF-1 axis in a
poorly controlled cohort, where a decrease in IGF-1 is
part of a pathological process leading to growth
retardation (8). The key clinical finding of the
regression analysis is that HbAlc and GH did not make
a statistically significant independent contribution to
growth SDS in this multiple model.

Study limitations

Considering the methodological limitations, we view
the GH data exclusively as an auxiliary research

marker with low diagnostic reliability for axis
evaluation in this cross-sectional setting.
Consequently, our conclusions regarding the GH-IGF-1
axis are primarily based on IGF-1 SDS levels, which
provide a more stable and reliable reflection of the
axis's functional state in children with TIDM. In our
regression model, the lack of a statistically significant
independent association between the current HbAlc
level and height SDS (p = 0.809) should be interpreted
with caution. This finding suggests that a single
measurement of HbAlc, reflecting glycemic control
only over the preceding three months, may not
capture the long-term physiological impact as
effectively as disease duration. In this specific model,
disease duration likely serves as a proxy for
cumulative metabolic exposure, which showed a
stronger association with linear growth impairment.
While extensive longitudinal research has established
that chronic poor glycemic control (HbAlc > 9.0%) is
associated with significantly lower final height, the
cross-sectional design of our study and the absence of
historical longitudinal data are primary limitations (8).
Without these historical records, we were unable to
calculate the cumulative glycemic load throughout the
entire disease period. Therefore, the observed links
between disease duration, IGF-1 levels, and growth
should be viewed as significant associations rather
than definitive causal relationships, and future
longitudinal studies are essential to confirm these
temporal dynamics.

Conclusion

Our data confirm that children with TIDM have
impaired linear growth, which is closely linked to
duration of the disease and, as a result, the violation
of the IGF-1 axis. Although glycemic control improves
over time, it remains suboptimal, and the prolonged
disease duration is strongly associated with growth
retardation. This is especially relevant since
abnormalities in the GH/IGF-1 axis in patients with
T1DM due to low port

The clinical implications of these findings are the need
for early and aggressive intervention to achieve
optimal metabolic control, especially in children with
early onset of TIDM. Regular monitoring of SDS for
height, weight, and IGF-1 SDS should be a mandatory
component of assessing the long-term prognosis in
this patient population.

al insulin levels may not fully be normalized with
systemic insulin administration, even with improved
glycemia.
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