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Abstract

Background: Nephrotic syndrome is the most frequent kidney-related condition in the United States today,
providing a severe health risk. The cornerstone of therapy is still corticosteroids. Protein deficiency was a major cause
of linear growth retardation in nephrotic individuals before steroids were administered. The goal of our research was to
see how corticosteroids affected growth hormone in children with nephrotic syndrome. Methodologies: From February
to December 2020, a cross-sectional research was conducted on children with nephrotic syndrome who visited the
Benha University Nephrology clinic. After receiving written agreement from the patients' parents, the research included
36 patients with nephritic syndrome of both sexes, divided into two groups: corticosteroid response group and
corticosteroid plus other immunosuppressive medications group. The following conditions were applied to all of the
instances in the study: Growth hormone level in blood was measured after a thorough history, full clinical examination,
and laboratory testing. Results: The majority of our NS patients (66.7%) were on corticosteroid medication, while 33.3
percent were on corticosteroid plus immunosuppressive medication, according to our research. Complete remission was
1 (2.8%), steroid dependent was 20 (55.5%), rare recurrence was 3 (8.4%), and corticosteroid resistant was 12 in our
research (33.3). According to the findings of the present research, small stature accounted for 15 percent of the cases
analysed (41.7 percent ). The G.H distribution in the examined cases was found to vary between 0.04 and 2.80ng/ml,
with a mean of 0.76 0.86. The distribution of elicited growth hormone in the examined patients varied from 1.17 to
14.60 (ng/ml), with a mean of 5.28 2.81. According to this research, the distribution of activated growth hormone
categories among the analysed patients was as follows: borderline (10.78%), normal (6.17%), and subnormal (20%).
(55.6 percent ). There was a statistically significant negative connection between cumulative steroid dosage and
mortality in the present trial (growth hormone and provocated Growth hormone). Conclusion: The majority of children
with nephrotic syndrome exhibited a height disadvantage. Children with nephrotic syndrome may have growth
retardation as a result of chronic steroid therapy. In most instances of NS, growth hormone levels are below normal.
Corticosteroid cumulative doses have a negative impact on linear growth.
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1. Introduction
The most clinically frequent Kidney-related

gastrointestinal tract oedema were all major causes of
linear growth retardation in nephrotic patients prior to

condition nowadays is nephrotic syndrome, which
poses a major danger to physical health. Immune
dysfunction is the key pathogenic and initiating
element in its aetiology. At the same time, patients are
often malnourished as a result of the loss of a huge
number of plasma proteins [1].

Massive proteinuria, hypoalbuminemia, and
oedema are all symptoms of childhood nephrotic
syndrome. The illness has a relapsing and remitting
course in the majority of people. The cornerstone of
therapy is still corticosteroids. For the first four to six
weeks, steroids are administered on a daily basis,
followed by alternate day dosage for another four to six
weeks. Relapses are treated with daily corticosteroids
until  remission is achieved, then alternate-day
medication is started and decreased over time. A small
percentage of patients remain steroid-dependent and
need long-term use of alternate-day steroids,
sometimes with the addition of steroid sparing
medicines. Relapses are connected with hazards such
as sepsis, thrombosis, malnutrition, dyslipidemia, and
hypovolemia, whereas excessive dosages of steroids
have been linked to side effects such as hypertension,
diabetes, and behavioural problems [2].

Protein deficiency owing to low appetite, loss
owing to proteinuria, and malabsorption owing to

the administration of steroids. Corticosteroids, on the
other hand, are thought to be the primary reason in the
current situation. Corticosteroids' negative effects on
linear development in children have been clearly
established. Corticosteroids are hypothesised to impede
development via a variety of processes, including
reduced growth hormone production and insulin-like
growth factor-1 (IGF-1) activation on developing
bones. These benefits are most noticeable with long-
term and daily dose regimens, and published research
suggests that alternate-day dosage has negligible
growth impacts [3, 4]. This is in contrast to what we've
seen in our patient group, where growth failure is
evident even in individuals taking alternate-day
steroids.

The goal of our research was to see how
corticosteroids affected growth hormone in children
with nephrotic syndrome.

2. Patients and Methods

Cross sectional study was performed on children
attending in Benha University Nephrology clinic with
nephrotic syndrome in the period from February 2020
to December 2020.
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2.1. Inclusion criteria

= the study were included 36 cases of children with
nephrotic syndrome:

= Both sexes.

= Age within 1 to 18 years

= Diagnosed as nephrotic syndrome according to the
criteria of International Study of Kidney Disease in
Children (ISKDC)

= Steroid therapy for at least four months.

2.2. Exclusion criteria

= Patients were lost to follow up.

= Patient with history of intrauterine growth

retardation.

= Patient with other systemic or endocrine disease.

= Patient with dysmorphic triats or central nervous
system irradiation
Patient with family history of short statue.

2.3. Samples
It was comprised 36 patients with nephritic
syndrome of both sex after obtaining informed consent
from patients parents as follow:
= Corticosteroid response group
= Corticosteroid with other immunosuppressive
drugs group

2.4. Methods

Data were collected by physician on a standarized
form.

All cases included in the study were subjected to
the following:
A-Careful history taking regarding:
Detailed history taking:

Detailed history taking including; presenting
complaint, history of present illness including duration
of disease, protocole of management and classification
of disease according to response to corticosteroids,
history of past illness including all significant illness
since infancy, antenatal history, natal history, dietetic
history, developmental history and immunization
history.

B-Full clinical examination:
1-General examination including:
= General comment on patient conscious and mental
state
= Vital signs: pulse, blood pressure, respiratory rate
and temperature.
= Hand to head to foot examination
= Assessment of height, weight and body mass index

BMI using growth curves based on the World

Health Organization Child Growth Standards

(2006).
2-Systemic examination:

= Chest examination

= Heart examination

= Abdominal examination.
= Neurological examination.

. Laboratory work
Complete blood count.
Lipid profile.
Total protein in 24 hour urine.
Protein creatinine ratio
Kidney function tests
Special investigation according to each case.
= Growth hormone level in serum.
Human Growth Hormone (hGH) ELISA Kit
For the quantitative determination of human growth
hormone (hGH) concentrations in serum.
Intended Use
This Human GH ELISA Kit is to be used for the
in vitro quantitative determination of human growth
hormone (hGH) concentrations in serum.
2.6Ethical consideration
Ethical permission for the study were obtained
from the parents who were be fully informed about all
study procedures and their consent were obtained prior
to the children enrollment in the study.
This study was approved by the Ethical
Committees of Faculty of Medicine, Benha University
Hospital.

= = = = =m m O

2.7. Statistical Analysis

Data analysis was performed using the software
SPSS (Statistical Package for the Social Sciences)
version 24. Quantitative variables were described using
their means and standard deviations. Categorical
variables were described wusing their absolute
frequencies and were compared using Chi square test
and fisher exact test when appropriate. Kolmogorov-
Smirnov (distribution-type) tests were used to verify
assumptions for use in parametric tests. To compare
continuous quantitative data of two groups, Mann
whitney test (for non-normally distributed data) and
independent sample t test (for normally distributed
data) were used. The level statistical significance was
set at 5% (P<0.05).

3. Results

This table shows that, female were 14 (38.9%)
and male were 22 (61.1%).only2patients (5.6%) had
positive history of nephrotic syndrome. Family history
of short stature distribution among the studied cases,
negative were (100%).Age ranged between 3.5 and
13years with mean (7.65 * 2.34).year and age of onset
of the disease ranged between 1 and 9 with mean (4.15
+1.90) year Table (1).

This table shows that Cortico Steroid 66.7% while
Cortico Steroid and other immunosuppressive drugs
were 12 (33.3) Table (2).

This table shows that response to CorticoSteroids
distribution among the studied cases, complete
remission were 1 (2.8%), steroid dependant were 20
(55.5%), infrequent relapse were 3 (8.4%) and
CorticoSteroid resistant were 12 (33.3) (Table 3).

This table shows that Height ranged between 55
and 151cm with mean (108.31 + 29.06). Weight ranged
between 12 and 105kg with mean (32.08 + 15.75). BMI
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ranged between 3.50 and 62.50 kg/m?with mean (29.29
+ 15.93). Height categories distribution among the
studied cases, normal were 20 (55.6%), short were 15
(41.7%) and tall were 1 (2.8%). Weight categories
distribution among the studied cases, normal were 23
(63.9%), obese were 9 (25%), over weight were 3
(8.3%) and under weight were 1 (2.8%) (Table 4).

This table shows that G.H distribution among the
studied cases ranged between 0.04 and 2.80ng/ml with
mean (0.76 + 0.86) (Table 5).

This table shows that Provocated growth hormone
distribution among the studied cases, ranged between
1.17 and 14.60 (ng/ml) with mean (5.28 + 2.81) (Table
6).

This table shows that Activated growthhormone
categories distribution among the studied cases,
borderline were 10 (27.8%), normal were 6 (16.7%)
and sub normal were 20 (55.6%) (Table 7).

This table shows that protein in24 h urine
distribution among the studied cases ranged between
3.5 and 8(gm/dl) with mean (6.22 x1.44). Urea
distribution among the studied cases, ranged between
17 and 33(mg/dl) with mean (26.80 + 4.98). creat
distribution among the studied cases, ranged between
0.30 and 0.90(mg/dl) with mean (0.64 + 0.19).
Haemoglobin distribution among the studied cases,
ranged between 7 and 12.3(gm/dl) with mean (10.59 +
1.15).  Triglycerides distribution among the studied
cases ranged between 152 and 173(mg/dl) with mean
(160.80 + 6.14). Cholesterol distribution among the
studied cases, ranged between 185 and 231(mg/dl) with
mean (212.40 £ 12.70) (Table 8).

This table shows that CUMULATIVE DOSE OF
STEROID distribution among the studied cases ranged
between 0.002 and 2.610 with mean (1.06 + 0.66)
(Table 9).

There were no statistically significant difference
between corticosteroid group and corticosteroid with
other immunosuppressive drugs group regarding
demographic data (Table 10).

There was no statistically significant difference
between corticosteroid group and corticosteroid with
other immunosuppressive drugs group regarding
anthropometric measurements (Table 11).

Mean value of growth hormone was significantly
lower among corticosteroid group than corticosteroid
with other immunosuppressive drugs group (0.60,
1.08) p value=0.016 (Table 12).

Mean value of provocated Growth hormone was
significantly higher among corticosteroid group than
Steroid with other immunosuppressive drugs group
(5.21, 5.30) p value= 0.025 (Table 13).

There was no statistically significant difference
between corticosteroid group and corticosteroid with
other immunosuppressive drugs group regarding
propagated growth hormone distribution (Table 14).

There was no statistically significant difference
between corticosteroid group and corticosteroid with
other immunosuppressive drugs  group regarding
CUMULATIVE DOSE OF STEROID (Table 15).

This table shows that there were statistically
significant positive correlation between
CUMULATIVE DOSE OF STEROID and WT, and
negative correlation between CUMULATIVE DOSE
OF STEROID and (HT, growth hormone and
provocated Growth hormone) while there were no
statistically significant correlation between
CUMULATIVE DOSE OF STEROID and the other
variables (Table 16).

Table (1) Demographic data distribution among the studied cases.

No. %
sex female 14 38.9
male 22 61.1
Family history of  negative 34 94.4
nephrotic positive 2 5.6
syndrome
Family history of  negative 36 100
short stature
Range Mean £SD
Age (years) 3.5 -130 7.65 £2.34
age of onset of the disease (years) 1.0 -9.0 4.15+1.90
Table (2) protocol of management among the studied cases.
No. %
drugs Cortico Steroid 24 66.7
Cortico Steroid 12 333

and other immunosuppressive drugs
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Table (3) response to CorticoSteroids among the studied cases.

No. %
response to steroid complete remission 1 2.8
CorticoSteroid dependant 20 55.5
infrequent relapse 3 8.4
CorticoSteroid resistant 12 33.3
Table (4) growth parameters distribution among the studied cases.
Rang Mean = SD
Height (cm.) 80 - 151 108.31 +29.06
Weight (kg) 12 - 105 32.08+15.75
BMI (kg/m?) 3.50 - 62.50 29.29 + 15.93
No. %
Height categories  normal 20 55.6
short 15 41.7
tall 1 2.8
Weight categories  normal 23 63.9
obese 9 25.0
over Weight 3 8.3
under Weight 1 2.8
Table (5) Gross hormone distribution among the studied cases.
Rang Mean = SD
Gross hormone (ng/mL) 0.04 - 2.80 0.76 + 0.86

Table (6) Provocated growth hormone distribution among the studied cases.

Rang Mean + SD
Provocated growth hormone (ng/mL) 1.17 - 14.60 528 +2.81

Table (7) Provocated growth hormone categories distribution among the studied cases.

No. %
Provocated borderline 10 27.8
growth hormone  normal 6 16.7
categories sub normal 20 55.6

Table (8) Some laboratory parameters distribution among the studied cases.

Rang Mean £ SD
protein in24 h urine(gm/dl) 3.5-8.0 6.22 +1.44
Urea (mg/dl.) 17.0-33.0 26.80 + 4.98
Creat (mg/dl.) 0.30-0.90 0.64 +0.19
Haemoglobin (gm/dl.) 7.0-123 10.59 £ 1.15
Triglycerides (mg/dl.) 152 - 173 160.80 + 6.14
Cholesterol (mg/dl.) 185 - 231 212.40 £12.70

Table (9) Cumulative Dose Of Steroid Distribution Among The Studied Cases.

Rang Mean + sd
Cumulative dose of steroid 0.002 - 2.610 1.06 + 0.66
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Table (10) Comparison between corticosteroid and corticosteroid with other immunosuppressive drugs group regarding

demographic data.

corticosteroid

. . with other
corticosteroid . P.
immunosuppres t.test
group sive drugs value
group
Age Mean = SD 7.333+2.44 8.292 + 2.08 -1.163 0.253
(years) ,
No. 9 5 X 0.809
Sex female % 37.5% 41.7% 0.058
male No. 15 7
% 62.5% 58.3%
age of onset of the disease (years) Mean + SD 3.979 + 2.00 4500+ 1.72 'Btgztg 0.447
family negative No. 22 12 X? .303
history of % 91.7% 100.0% 1.059%a
Nephrotic positive No. 2 0
syndrome % 8.3% .0%
duration of corticosteroid (years) Mean + SD 3.35 + 2,088 3.79 + 1.90 Btgito 0.546
response to complete No. 1 0 X? 137
corticosteroid remission % 4.2% .0% 1.266
infrequent No. 2 1
relapse % 8.4% 8.3%
corticosteroid No. 21 11
dependant % 87.5% 91.7%
Table (11) Comparison between Steroid group and Steroid with other immunosuppressive drugs group regarding
anthropometric measurements.
Steroid with other
Steroid group immunosuppressive t.test P. value
drugs group
Height (cm.) Mean + SD 106.79 + 29.90 111.33 +28.34 -0.437- 0.665
Height distribution normal  No. 15 5 X? 232
% 62.5% 41.7% 2.925
short No. 9 6
% 37.5% 50.0%
tall No. 0 1
% .0% 8.3%
WT (kg) t.test 0.965
Mean + SD 32.17 £ 18.63 31.92+7.99 0.044
weight distribution normal  No. 15 8 X? 914
% 62.5% 66.7% 522
obese No. 6 3
% 25.0% 25.0%
over No. 2 1
weight % 8.3% 8.3%
under No. 1 0
weight % 4.2% .0%
BMI (kg/m?) t.test 0.747
Mean + SD 28.67 £ 15.42 30.53 £ 17.55 0.325
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Table (12) Comparison between corticosteroid group and corticosteroid with other immunosuppressive drugs group
regarding growth hormone.

corticosteroid ~ with
other
immunosuppressive
drugs group

?r:gmt) hormone  \icon+SD 060+ 0.63 1.08+1.16 -1.615- 0.016

corticosteroid group t.test P. value

Table (13) Comparison between corticosteroid group and corticosteroid with other immunosuppressive drugs group
regarding propagated growth hormone.

corticosteroid ~ with
other
immunosuppressive
drugs group

provocated Growth Mean + SD 591 +1.74 5307 + 3.25 0.095 0.025
hormone (ng/mL)

corticosteroid group t.test P. value

Table 14: Comparison between Steroid group and Steroid with other immunosuppressive drugs group regarding
provocated Growth hormone distribution.

corticosteroid with

corticosteroid other
. . t.test P. value
group immunosuppressive
drugs group
provocated borderline No. 6 4 .300 .861
Growth hormone % 25.0% 33.3%
normal No. 4 2
% 16.7% 16.7%
sub normal No. 14 6
% 58.3% 50.0%

Tablel5:Comparison between corticosteroid group and corticosteroid with other immunosuppressive drugs
group regarding CUMULATIVE DOSE OF STEROID.

corticosteroid  with
other
immunosuppressive
drugs group

gt”er:‘()‘::ja“"e dose  of eantsd  1.00+067 0.96 + 0.65 0.499 0.622

corticosteroid group t.test p. value

Table 16: Correlation Between Cumulative Dose Of Steroid And Other Numerical Variables.

Pearson’s correlation

Correlation

r p
age of onset of the disease * CUMULATIVE DOSE OF STEROID -0.082- 0.674
Duration of drugs * cumulative dose of steroid 0.246 .198
Ht * cumulative dose of steroid -0.070 0.019
Wt * cumulative dose of steroid 0.277 0.046
Bmi * cumulative dose of steroid 0.163 0.400
Growth hormone * cumulative dose of steroid -0.404 0.030
provocated Growth hormone Gross hormone * CUMULATIVE DOSE OF -0.288 0.010
STEROID
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4. Discussion

The age of the children evaluated in this research
varied from 3.5 to 13 years, with a mean (7.65 2.34).

This is in line with the findings of Moon et al.
(5), who looked into the age of children with NS and
found that the average age was 10.73.1 years.

In our situations, we discovered a male majority
during the study sex distribution (61.1 percent ).

Our findings were backed up by Rhuma et al., (6)
and Ephraim et al., (7), who found that men were more
impacted by NS than females.

The majority of our NS patients (66.7%) were on
corticosteroid medication, while 33.3 percent were on
corticosteroid plus immunosuppressive medication,
according to our research.

Complete remission was 1 (2.8%), steroid
dependent was 20 (55.5%), rare recurrence was 3
(8.4%), and corticosteroid resistant was 12 in our
research (33.3).

According to Sahana (8), 63 percent of patients
were in relapse.

According to the findings of the present research,
small stature accounted for 15 percent of the cases
analysed (41.7 percent ).

This is in line with Oliveira and Belangero's (9),
who discovered that the majority of patients exhibited a
height deficiency.

This is also in accord with Constantinescu et al.
(10) who wanted to show that children with NS had
height impairments. The importance of linear growth in
early development cannot be overstated. Social stigma,
anxiety, and emotional ill health accompany growth
retardation in children. As a result, it's critical to
maximise growth. The discovery that alternate-day
steroids have an effect on linear development might
lead to a shift in practise, with the early use of steroid
sparing medicines to avoid growth retardation.

However, findings contradicting these and the
current research have been frequently published in the
literature. Simmonds et al. (11) observed that low to
moderate dosages of prednisolone had no impact on
linear growth in a comparable cohort of children at
Great Ormond Street Hospital in the United Kingdom.
This was true even at dosages as low as 0.75 mg/kg,
whereas dosages higher than 0.75 mg/kg had a tiny but
substantial influence on growth velocity. In pre-
pubertal children with nephrotic syndrome, Polito et al.
(12) showed comparable effects with alternate-day
corticosteroids.

During the evaluation of renal functions, we
discovered that urea levels in the examined patients
varied from 17 to 33 mg/dl, with a mean of 26.80 4.98
mg/dl. Creatinine levels in the examined patients varied
from 0.30 to 0.90 mg/dl, with a mean of 0.64 mg/dl.

This is in accord with Amin et al. (13) who
showed no statistically significant difference in blood
urea and serum creatinine between the patient group
(children with nephrotic syndrome) and the control

group.

In this research, the distribution of protein in 24
hour urine varied from 3.5 to 8 (gm/dl), with a mean of
6.221.44. Haemoglobin levels in the examined patients
varied from 7 to 12.3 gm/dl, with a mean of 10.59
gm/dl. Triglyceride levels in the examined patients
varied from 152 to 173 mg/dl, with a mean of 160.80
mg/dl. Cholesterol levels in the examined patients
varied from 185 to 231 mg/dl, with a mean of (212.40
12.70).

Patients with nephrotic syndrome have an
accelerated catabolism state, which is accompanied by
increased protein intake, loss, and malnutrition (14).
They  are accompanied by inflammatory
hypoproteinemia and hyperlipidemia as the illness
progresses (15). Furthermore, the body's nutritional
metabolism is disrupted, and long-term malnutrition
has a negative impact on patients' prognoses (16).
Hypoproteinemia is treated with exogenous human
albumin infusions for symptomatic support, according
to previous results; nevertheless, albumin is costly (17).
There are also certain infusion issues that result in
albumin loss, despite the fact that the overall time spent
maintaining plasma protein after infusion is minimal
(18). As a result, it is unable to effectively treat
hypoproteinemia and malnutrition in the body. In
recent investigations, traditional Chinese medicine has
also been used (19).

The G.H distribution in the examined cases was
found to vary between 0.04 and 2.80ng/ml, with a
mean of 0.76 0.86. The distribution of elicited growth
hormone in the examined patients varied from 1.17 to
14.60 (ng/ml), with a mean of 5.28 2.81. According to
this research, the distribution of activated growth
hormone categories among the analysed patients was as
follows: borderline (10.78%), normal (6.17%), and
subnormal (20%). (55.6 percent ).

This is in line with the findings of Dai et al.
(20), who discovered that growth hormone levels in NS
patients are abnormal.

There was a statistically significant negative
connection between cumulative steroid dosage and
mortality in the present trial (growth hormone and
provocated Growth hormone).

This is consistent with the findings of Valavi et
al. (21) who showed that participants with higher
prednisolone cumulative doses had a greater drop in
height (p = 0.001). They came to the conclusion that
cumulative prednisolone doses had a deleterious
influence on linear development.

Steroids reduce osteoblastogenesis in the bone
marrow and promote osteocyte and osteoblast death,
both of which contribute to a reduction in bone
production. Some definitions, such as osteonecrosis,
aseptic necrosis, and avascular necrosis, might be
explained by the buildup of apoptotic osteocytes. The
deleterious impact of steroid usage on bone mass and
short-term development varies by steroid type and
dosage, and happens most often during the first six
months of medication. Trabecular bones are thought to
be more impacted than cortical ones (22).
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Our findings correspond with those of Mohan
and Kanitkar (23) who studied the relationship between
growth and the cumulative dosage of steroids in
children with nephrotic syndrome. A retrospective
analysis of 35 children with NS was performed. They
discovered that the cumulative steroid dosage causes
growth retardation.

In a comparable research, both boys and girls'
development, as measured by changes in height,
deteriorated dramatically as they grew older. Height
and treatment duration were shown to have a strong
unfavourable relationship (24).

Another research found that being overweight or
obese protects SSNS against glucocorticoid-related
development retardation (25)

Glucocorticoids are frequently effective in
children with little change nephrotic syndrome. In most
cases, daily glucocorticoid treatment may be lowered to
alternate-day treatment in a very short period of time.
Development failure was only detected in children who
had daily steroid medication for a long time, but
alternate-day steroids were not linked to severe growth
impairment (26), and growth hormone treatment was
not recommended (rhGH). However, in steroid-
dependent nephrotic syndrome, rhGH has been shown
to have a considerable favourable influence on height,
bone mineralization, and body composition, as well as
a relative acceleration of bone age (27). Because of the
large improvement in growth associated with reduced
usage of steroids, steroid sparing medicines (such as
alkylating agents) are a viable option for children with
nephrotic syndrome who exhibit evidence of slowed
development (28).

At this time, the best method to minimise
growth impairment is to avoid an excessively lengthy
course of corticosteroid medication, to supply
appropriate  calories and proteins, to  assess
development on a regular basis, and to attempt to
reduce psychological stress.

Longitudinal studies reveal the impact of
corticosteroid cumulative dosage on linear growth
better. Take, for example, Emma et al(29) .'s research
on children with NS. They discovered that longer
therapy was linked to a greater risk of growth
retardation. These findings were comparable to the
current findings in that long-term unfavourable
consequences were observed.

Ribeiro et al. (30) found that long-term
corticosteroids, especially at higher dosages, had an
effect on height and spinal bone density.

The natural production of growth hormone may
be diminished or mediated by somatostatin after high-
dose steroid therapy, and growth hormone stimulation
tests may be unable to achieve an acceptable response
in certain situations. Valavi et al., Valavi et al., Valavi
et al (21).
4.Conclusion

The majority of children with nephrotic
syndrome have a height deficiency. Children with
nephrotic syndrome may have growth retardation as a

result of chronic steroid therapy. In most instances of
NS, growth hormone levels are below normal.
Corticosteroid cumulative doses have a negative impact
on linear growth.
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