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Context: The high prevalence of hypothalamic obesity (HO) and dyslipidemia in individuals with craniopharyngioma (CP) following
surgery is a cause for increasing concern. However, few studies have explored the lipid profile in pediatric CP patients, with inconsistent
findings. In addition, the role of recombinant human growth hormone (thGH) replacement remains unclear in these patients.

Objective: To compare the blood lipid profile among post-operative craniopharyngioma children and adolescents with that among
healthy controls and to reveal the effects of thGH replacement.

Methods: Data of 79 post-operative craniopharyngioma children and adolescents in our center were retrospectively collected. Sixty patients
underwent thGH replacement during the follow-ups. We selected 36 patients who received thGH replacement therapy, while 20 patients
received rhGH replacement for at least 1 year and had complete lipid data before and after treatment and compared them with 19 patients who
did not receive thGH replacement therapy.

Results: Craniopharyngioma patients had higher total cholesterol (TC) (5.17 vs 3.77 mmol/L), triglyceride (TG) (1.51 vs 0.73 mmol/L),
and low-density lipoprotein cholesterol (LDL-C) (3.14 vs 2.10 mmol/L), and lower high-density lipoprotein cholesterol (HDL-C) (1.06
vs 1.39 mmol/L) than controls (all p <0.001). The lipid profile of obese and non-obese patients was not significantly different. After rhGH
replacement, TC was 0.90 mmol/L lower (p=0.002) and LDL-C was 0.73 mmol/L lower (p = 0.010) than baseline. Although the baseline
LDL-C was higher, patients with thGH replacement had lower LDL-C (—0.73 mmol/L adjusted for age and sex, p = 0.045) after the
initiation of replacement compared with patients without rhGH replacement.

Conclusion: The lipid profile of obese and non-obese children and adolescents with craniopharyngioma was unfavorable, and thGH
replacement could improve their lipid profile.
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Introduction

Craniopharyngiomas (CPs) are brain tumors arising from the remnants of Rathke’s pouch,' accounting for about 10% of
childhood brain tumors. Approximately 30-50% of the CP cases were seen in children and adolescents.>* CPs are usually
located at the sellar region and the patients often have pituitary hormone deficiency, which can be caused by the tumor per se or
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by treatments such as surgery and/or radiotherapy.' Notably, physical destruction of the hypothalamus can cause abnormal
weight gain, known as hypothalamic obesity (HO), and about half of the CP children develop HO after such a surgery.*

This change in the rate of weight gain is rapid and can be detected within weeks or months. In addition to the damage of
hypothalamus and pituitary, the lack of pituitary hormones and the change of lifestyle are also important factors in the
occurrence of obesity. Obesity and impaired lipid metabolism are associated with high risks of cardiovascular diseases
(CVDs), which explains the higher mortality among CP patients than the general population.”’ A better understanding of
abnormal lipid metabolism in CP patients may reveal the origin of obesity. However, few studies have explored the lipid
profile in pediatric CP patients, with inconsistent findings. Some authors found that triglyceride (TG) was significantly higher
in CP children than in healthy controls,*® others demonstrated that TG, low-density lipoprotein cholesterol (LDL-C), and
high-density lipoprotein cholesterol (HDL-C) were not significantly different between CP patients and controls.”

Growth hormone (GH) deficiency is common among CP patients." While recombinant human GH (thGH) replace-
ment has been found to favour the height of CP patients,'® its effect on lipid profile has not yet been thoroughly studied.

While a few studies have described the results among adult patients,'''?

only one study tried to explore the effects of
rhGH replacement on metabolic parameters in pediatric CP patients; unfortunately, it failed to draw definite conclusions
due to its small sample size and cross-sectional design.* Thus, the effects of thGH replacement on the blood lipid of CP
children remained unclear.

The aim of our present study was to compare the blood lipid profiles of post-operative CP children and adolescents
with those of age-, sex-, and body mass index (BMI)-matched healthy controls. We also reveal the effects of thGH on

lipid profile in post-operative CP children and adolescents.

Methods
Subjects

The follow-up data of CP patients who were treated in our center from 2009 to 2020 were retrospectively collected.
Patients who met the following criteria were included: (i) having undergone CP resection in our center or other
institutions; (ii) aged <20 years at the first visit to our hospital; and (iii) having blood lipid profile measured at least
once in our center. The data at the first visit in our center were used for the comparisons with healthy controls. None of
the patients were taking lipid-lowering drugs at the first visit. For each patient, two age-, sex-, and BMI-matched (age + 2
years, BMI £ 1 kg/m?) controls were randomly selected from a database of health check-ups for students from primary
and secondary schools in Pinggu District, Beijing, China. The study involving human participants was reviewed and
approved by the Ethics Committee of our hospital (K2917).

Laboratory Measurements

Lipid profile including total cholesterol (TC), TG, HDL-C, and LDL-C was measured using an automatic analyzer
(Cobas 8000, Roche). The blood samples of all follow-up visits were determined by fasting in the morning. Insulin-like
growth factor 1 (IGF-1) was measured with chemiluminescence assay (Immulite 2000, Siemens).

Anthropometric Measurements

Body height and weight were measured with light clothing, and BMI was calculated accordingly. The standard deviation
score (SDS) for BMI was determined according to the reference curves of Chinese children and adolescents.'* BMI
>85th and <95th percentile was considered to be overweight, and BMI >95th percentile was considered to be obese.

Pituitary Hormone Deficiency

Thyroid-stimulating hormone deficiency: the decrease of free thyroxine (FT4) was accompanied by normal or decreased
thyrotropin.'> Adrenocorticotropic hormone deficiency: when cortisol (COR) <3pg/dL in the morning, or ITT blood glucose
<40mg/dL (2.2mmol/L), COR <18 pg/dL."® Central diabetes insipidus is defined as the concomitant presence of inappropriate
hypotonic polyuria (urine output >3 L/24 h and urine specific gravity <1.005) in the presence of high or normal serum sodium
(>145 mmol/L)."” Gonadotropin deficiency: decreased FSH and LH in children; testosterone (TEST) decreased with abnormal
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follicle-stimulating hormone (FSH), luteinizing hormone (LH), and prolactin (PRL) levels in adult male patients, and estradiol
(E2) decreased with normal or decreased FSH and LH or abnormal PRL in female patients.'®

rhGH Replacement

Data of 79 post-operative CP children and adolescents in our center during the period from 2009 to 2020 were
retrospectively collected. Sixty of them underwent thGH replacement during the follow-ups, and 36 patients had records
of blood lipid measurement both before and after the initiation of thGH replacement. Among these 36 patients, 20
patients received the thGH replacement for at least 1 year (thGH replacement group). The remaining 19 patients did not
receive any rhGH replacement (non-rhGH replacement group). The changes in blood lipid profile in these two groups
were observed and compared. We started GH replacements when the patients were: One year after surgery, the tumor did

not recur or progress, and the height was lower than —2 standard deviation (SD)."

Statistical Analysis

Normality of the variables was tested by Shapiro—Wilk test. Normal variables were reported as mean =+ standard deviation
(SD) and non-normal variables as median (the first quartile, the third quartile). Differences in baseline characteristics
were measured by standardized difference, and variables with standardized difference below 10% were considered to be
balanced. Comparisons of lipid profiles between CP patients and controls and comparisons of parameters before and after
rhGH replacement were conducted by paired ¢-test or Wilcoxon test. Obese and non-obese CP patients were compared by
unpaired #-test or Mann—Whitney U-test. Linear mixed model (LMM) was used to compare the lipid profile during
follow-ups in patients with or without rhGH replacement after adjusting for confounding factors. A P-value below 0.05
was considered statistically significant.

Results

A total of 79 patients were included according to the inclusion criteria, including 50 boys (63.3%) and 29 (36.7%) girls
aged 12.5 (8.5, 14.8) years. They underwent their surgeries at the age of 8.3 (5.3, 12.2) years, and the median time since
the surgeries was 26 [8, 58] months. Three of the patients (3.8%) underwent radiotherapy. Among the pituitary hormone
deficiencies, thyroid-stimulating hormone deficiency was the most common type (n = 76, 96.2%), followed by
adrenocorticotropic hormone deficiency (n = 73, 92.4%), central diabetes insipidus (n = 68, 86.1%), and gonadotropin
deficiency (n = 23, 29.1%).

CP Patients versus Healthy Controls

Data on BMI at the first visit were available in 66 patients, among whom 60 patients were paired to age-, sex-, and BMI-
matched controls. The remaining six patients had no matched controls due to their younger age or higher BMI. CP
patients had significantly higher TC, TG, and LDL (all P<0.001) and lower HDL (P<0.001) than healthy controls
(Table 1).

Obese CP Patients versus Non-Obese CP Patients

The 66 patients with BMI data had a mean BMI of 22.95 + 4.59 kg/m? and a mean BMI-SDS of 1.5 + 1.5. Patients
were also divided into obese group (n = 44, including 31 [47.0%] obese patients and 13 [19.7%] overweight patients)
and non-obese group (n = 22), and the clinical characteristics and lipid profiles were compared between these two
groups (Table 2). Patients in the obese group were younger, and their intervals between the surgery and the first visit in
our hospital were shorter. TC, TG, HDL, and LDL were not significantly different between these two groups, but LDL
tended to be higher in the obese group, although the difference was not statistically significant (P=0.056). Notably,
post-operative patients in the non-obese group still had significantly higher TC, TG, and LDL than healthy controls
(Table 3).
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Table | Comparison of Clinical Characteristics and Lipid Profile of Craniopharyngioma
Patients and Healthy Controls

Craniopharyngioma Control p-value
(n=60) (n=120)
Age (years) 12.8 [9.7, 14.6] 13.0 [9.0, 16.0] 0.505
Sex
Male 37 74 -
Female 23 46
BMI (kg/m?) 22.55+4.50 22.49+4.45 0.932
BMI SDS 1.3+1.2 1.2£1.2 0.675
Lipid profile
TC (mmol/L) 5.17%1.58 3.7740.65 <0.001
TG (mmol/L) 1.51 [0.99, 2.55] 0.73 [0.56, 1.02] <0.001
HDL (mmol/L) 1.06 [0.79, 1.49] 1.39 [I.16, 1.61] <0.001
LDL (mmol/L) 3.14x1.22 2.10+0.54 <0.001
Surgery age (years) 8.9+4.0 - -
Time since surgery (month) 39 [11, 60] - -
Pituitary hormone deficiency
ACTH 55 (91.7%) - -
TSH 57 (95.0%) - -
GH 48 (80.0%) - -
Gonadotropins 16 (26.7%) - -
Central diabetes insipidus 50 (83.3%) - -

Abbreviations: BMI, body mass index; SDS, standard deviation score; TC, total cholesterol; TG, triglycer-
ide; HDL, high-density lipoprotein; LDL, low-density lipoprotein; ACTH, adrenocorticotropic hormone;
TSH, thyroid stimulating hormone; GH, growth hormone.

Table 2 Comparison of Clinical Characteristics and Lipid Profiles of Obese and
Non-Obese Craniopharyngioma Patients

Obese (n=31) | Non-Obese (n=35) p-value

Age (years) 12.1 [6.7, 13.9] 12.8 [9.9, 17.5] 0.044
Sex

Male 23 (74.2%) 20 (57.1%) 0.232

Female 8 (25.8%) 15 (42.9%)
Surgery age (years) 8.0+3.8 9.3+4.2 0.200
Time since surgery (month) 12 [5, 47] 49 [l16, 61] 0.009
BMI (kg/m?) 26.05+3.75 20.20+3.38 <0.001
BMI SDS 23 [2.0, 3.1] 0.7 [0.0, 1.2] <0.001

(Continued)

3078

https:

Dove!

Diabetes, Metabolic Syndrome and Obesity 2023:16


https://www.dovepress.com
https://www.dovepress.com

Du et al

Table 2 (Continued).

Obese (n=31) | Non-Obese (n=35) p-value
TC (mmol/L) 5.39£1.56 5.07£1.60 0412
TG (mmol/L) 1.58 [1.04, 2.04] 1.36 [0.99, 2.90] 0.807
HDL (mmol/L) 1.15+0.43 1.26+0.60 0.377
LDL (mmol/L) 3.50+1.22 2.93£1.16 0.056

Abbreviations: BMI, body mass index; SDS, standard deviation score; TC, total cholesterol; TG, triglyceride;

HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Table 3 Comparison of Clinical Characteristics and Lipid Profile of Non-

Obese Craniopharyngioma Patients and Healthy Controls

Non-Obese Control p-value
Craniopharyngioma (n=70)
(n=35)
Age (years) 12.8 [9.9, 17.5] 14.0 [10.3, 17.0] 0.703
Sex
Male 20 40 -
Female 15 30
BMI (kg/m?) 20.20+3.38 20.12+3.23 0.908
BMI SDS 0.7 [0.0, 1.2] 0.6 [-0.1, 1.0] 0.343
Lipid profile
TC (mmol/L) 5.07+1.60 3.5840.57 <0.001
TG (mmol/L) 1.36 [0.99, 2.90] 0.68 [0.48, 0.92] | <0.001
HDL-C (mmol/L) 1.13 [0.81, 1.68] 1.43 [1.18, 1.60] 0.022
LDL-C (mmol/L) 2.93%l.16 1.91+£0.46 <0.001

Abbreviations: BMI, body mass index; SDS, standard deviation score; TC, total cholesterol; TG,
triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

Before versus After rhGH Replacement

For the 20 CP patients in the thGH replacement group, the duration of thGH replacement was 33 (21, 48) months. The
lipid profile at the first visit after the cessation of rhGH replacement or the last visit during the replacement was
compared with that at the last follow-up before the initiation of rhGH replacement (set as the baseline). As listed in
Table 4, TC reduced by 0.90 = 1.13 mmol/L (P=0.002) and LDL-C reduced by 0.73 £ 1.14 mmol/L (P=0.010) compared
with the baseline values, while the changes of TG and HDL-C were not statistically significant. IGF-1 also significantly
increased after rhGH replacement (P=0.004), but the correlation between the change in IGF-1 and the change in TC or
LDL-C was not significant (Pearson r = 0.098, P = 0.697 and Pearson r = 0.217, P = 0.387). The changes in BMI and
BMI SDS before and after thGH replacement were not statistically significant.

rhGH Replacement Group versus Non-rhGH Replacement Group

After the initiation of rhGH replacement in the rhGH replacement group, the median time of follow-up was 49 (32, 75)
months, and the median number of blood lipid measurements was 2 (1, 3) times. In contrast, the non-rhGH replacement
group had a median follow-up period of 7 [6, 21] months and a median blood lipid measurement of 2 (2, 3) times.
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Table 4 The Comparison of Lipid Profile Before and After rhGH Replacement Among Craniopharyngioma
Patients with rhGH Replacement of at Least | Year (n = 20)

At the Beginning of At the End of rhGH Difference p-value

rhGH Replacement Replacement
Age (years) 10.5+4.0 14.6+3.7 42424 -
BMI (kg/m?) 20.16+4.77 21.40+4.53 1.25+3.55 0.166
BMI SDS 0.8x1.7 0.5%1.6 —0.3%1.1 0.215
IGFI 51 [25, 77] 248 [58, 320] 158+202 0.004
TC (mmol/L) 5.10 [4.37, 5.76] 4.10 [3.79, 4.58] —0.90%1.13 0.002
TG (mmol/L) 1.33 [0.84, 3.16] 1.33 [0.65, 1.87] —0.05 [-1.01, 0.20] 0.368
HDL-C (mmol/L) 1.34£0.50 1.26+0.43 —0.08+0.45 0.407
LDL-C (mmol/L) 3.12£1.00 2.39+0.91 —0.73£1.14 0.010

Abbreviations: BMI, body mass index; SDS, standard deviation score; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; rhGH, recombinant human growth hormone; IGFI, insulin-like growth factors.

Table 5 Clinical Characteristics and Lipid Profile of Craniopharyngioma Patients with and
without rhGH Replacement at the First Follow-Up

With rhGH

Replacement (n=20)

Without rhGH
Replacement (n=19)

Standardized

Difference (%)

Age (years) 10.1%4.1 11.9+6.3 338
Sex

Male 18 (90.0%) 10 (52.6%) 90.7

Female 2 (10.0%) 9 (47.4%)
Surgery age (years) 7.4%33 9.6£5.6 17.5
Time since surgery (month) 26 [5, 52] 13 [5, 42] 13.8
BMI (kg/m?) 20.33+3.47 25.19+2.92 150.8
BMI SDS I.1£1.3 2.51.7 89.2
IGFI (ng/mL) 49 [25, 61] 46 [38, 73] 2.0
TC (mmol/L) 5.84+1.44 5.54x1.61 19.9
TG (mmol/L) 1.23 [0.87, 2.24] 1.55 [0.92, 3.47] 24.0
HDL-C (mmol/L) 1.46+0.60 1.21£0.55 432
LDL-C (mmol/L) 3.56£1.25 3.38%1.29 13.6

Abbreviations: BMI, body mass index; SDS, standard deviation score; TC, total cholesterol; TG, triglyceride; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; rhGH, recombinant human growth
hormone; IGF1, insulin-like growth factors.

The clinical characteristics and lipid profile at the first visit are shown in Table 5. Age, sex and BMI SDS were

imbalanced between these two groups, while the IGF-1 was balanced. As for the lipid profile, the thGH replacement
group had significantly higher TC, HDL-C and LDL-C and significantly lower TG at the first visit.

The visits after the initiation of thGH replacement in the rhGH replacement group and all the visits in the non-rhGH
replacement group were used in the linear mixed models (LMMs) (Table 6). After adjusting for age, TG was 0.77 mmol/
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Table 6 Difference in Lipid Profile During Follow-Ups Between Patients with and without rhGH Replacement

Model | Model 2 Model 3
(Adjusted for Age) (Adjusted for Age and Sex) | (Adjusted for Age and Baseline BMI SDS)
Difference p-value Difference p-value Difference p-value
TC (mmol/L) —-0.71 0.072 —0.56 0.203 -0.72 0.174
TG (mmol/L) -0.77 0.020 —0.57 0.114 —0.52 0.138
HDL-C (mmol/L) 0.22 0.093 0.29 0.048 0.15 0.292
LDL-C (mmol/L) —0.68 0.033 -0.73 0.045 —-0.78 0.063

Abbreviations: BMI, body mass index; SDS, standard deviation score; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol.

L lower (P=0.020), and LDL-C was 0.68 mmol/L lower (P=0.033) in the thGH replacement group than in the non-rhGH
replacement group, while TC and HDL-C showed no significant difference. After further adjusting for sex, LDL-C was
still significantly lower in the thGH replacement group (P=0.045). Furthermore, LDL-C tended to be lower in the thGH
replacement group after adjusting for both age and BMI SDS, although the difference was not statistically significant
(P=0.063). HDL-C was significantly higher in the thGH replacement group only after adjusting for age and sex.

Discussion

To the best of our knowledge, this is the largest study to compare the lipid profile of CP patients with that of healthy
controls. We confirmed that the lipid profile was more unfavorable in children and adolescents with CP than in healthy
controls. CP patients had improved lipid profiles after rhGH replacement, and their lipid profiles during the follow-ups
were more favorable than those of CP patients without thGH replacement.

Obesity is a risk factor for a host of metabolic disturbances that involve conditions such as cardiovascular diseases, type 2
diabetes, cancer, and, most recently, COVID-19.%° Lipid metabolism is controlled by independent sympathetic and para-
sympathetic neurons derived from the paraventricular nucleus and suprachiasmatic nucleus, with sympathetic neurons
inhibiting its decomposition and parasympathetic neurons promoting its decomposition. In CP patients receiving surgery
and/or radiotherapy, damage to the hypothalamus causes the injury of suprachiasmatic nucleus region, resulting in abnormal
appetite control, reduced energy expenditure, and impairment of the autonomic nervous system,?' known as hypothalamic
obesity (HO), which can greatly undermine the quality of life of CP patients.! In addition, the prevalence of obesity among

children and adolescents with CP after surgery ranged from 53% to 73%,****

which was similar to our findings.

The lipid profile of pediatric CP patients has been investigated in literature but with contradictory findings. In two
studies, pediatric CP patients had higher TG and lower HDL-C/TC ratio compared with age-, sex-, BMI-, and pubertal
stage-matched healthy controls,™® but TG was not significantly different in another study with similar design, probably
due to the limited number of subjects.” Data on HDL-C in pediatric CP patients were available in two studies, but no
significant difference was reported.®’ Only one study reported the data of LDL-C, and the difference was not significant.’
Since CP is rarely seen in clinical settings, the limited number of CP patients made the conclusions of relevant studies
less persuasive. With a larger sample size, our current study had more reliable findings. However, considering the
heterogenous nature of CP and the unavailability of pre-operative data in our present study, we are not sure whether other
factors related to metabolic status such as pre-operative BMI and the extent of hypothalamus involvement in our present
study differed from those in previous studies.?**>

It was found in our present study that pediatric post-operative CP patients had unfavorable lipid profile, with TG, TC,
HDL-C, and LDL-C significantly different from those in healthy controls. Obese and non-obese CP patients had similarly
affected lipid profile, and non-obese patients also had poorer lipid profile than healthy controls, indicating dyslipidemia in
post-operative CP children might be generally independent of obesity. A previous study has demonstrated that childhood-
onset CP patients had abnormal lipid profile in their adulthood,'' and our study showed that dyslipidemia was also

present in the childhood. The long-lasting dyslipidemia may partly explain the increased risk for CVD among CP
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patients. Therefore, monitoring and management of lipid profile should be timely initiated for children and adolescents
with CPs, even if their BMI is normal.

We also explored the effect of thGH replacement on lipid profile in children and adolescents with CP. Blood lipids
change with age in the childhood.?® Unlike height and weight, there have not yet been widely accepted reference curves
of blood lipids for children and adolescents in China, and how the lipid profile of CP patients changes with age remains
unclear. Moreover, our study had a retrospective design, with imbalanced baseline characteristics. Therefore, we used
LMMs to adjust for the age and BMI or sex, which has been found to be related to the lipid profile.**” We found that
patients with thGH replacement had lower LDL-C after the initiation of replacement after adjusting for age, and this
tendency still existed after adjusting for more confounding factors, which was also consistent with the self-controlled
result. Considering the fact that the baseline LDL-C was even higher in the thGH replacement group, we assume that
rhGH replacement may indeed lower LDL-C in pediatric CP patients. In addition, due to the limited number of patients,
the statistical power of our data was compromised in the models adjusting for more confounding factors, and the
interaction between the thGH replacement and the change of lipid profile with age was not analyzed. It is still unclear
whether the rates of change of blood lipids over time were different among patients with and without rhGH replacement.

The effects of thGH replacement on CP patients are complicated. While most studies revealed that thGH replacement was
beneficial to body height in pediatric patients, its influences on weight and BMI were inconsistent across studies,' %>
suggesting the responses of the metabolic status to rhGH replacement can be highly variable among CP patients. Some studies
have attempted to explore the effect of thGH replacement on the lipid profile of adult CP patients. Two studies demonstrated

that TC and LDL-C were significantly lowered after thGH replacement,''"'?

while such changes were not significant in
another study.'®> thGH may have different effects on height or body composition when used in children and adults or in
childhood-onset and adult-onset CP patients.'®*' In our present study, rhGH replacement showed beneficial effects on the
lipid profile of children and adolescents with CPs, which was similar to findings in adults.'"*'?

A small number of articles have investigated the role of rhGH replacement in pediatric CP patients. There had been
concerns that it might increase the recurrence rates of CPs, but recent studies clarified that physiological doses of rhGH
were safe for CP patients.'®*? Previous studies showed that hGH replacement in pediatric CPs could improve the height
and quality of life."®**° In our present study, rhGH replacement partly reversed the unfavorable lipid profile, especially
LDL-C, in pediatric CP patients, which may reduce the long-term risk for CVDs. Moreover, although some studies found

that thGH replacement increased BMI in CP patients,'"'

our data and some other studies did not support this
observation.'>**3° We believe that the benefits of rhGH replacement outweigh its risks. Moreover, the improvement
of lipid metabolism by rhGH also suggests a potential role of thGH in the treatment of dyslipidemia.

Our present study had some limitations. As pre-operative data were not available in most of our patients, we could
neither compare the lipid profile before and after the surgeries nor could we analyze the influences of factors such as
hypothalamus involvement, duration of disease, and pre-operative BMI on the post-operative lipid profile. Besides, the
baseline data before thGH treatment were not available in some patients with thGH replacement, and therefore the
number of patients in the thGH replacement group was limited, making it impossible to perform more rigorous analyses
(eg, the interaction between the rhGH replacement and the rate of change of lipid profile with age).

In conclusion, blood lipid disorders are common in children and adolescents with obese or non-obese post-operative CPs, and
the lipid profile is unfavorable in both CPs. thGH replacement may improve lipid profile in these patients. Dyslipidemia should
not be ignored during childhood, even in pediatric CP patients without obesity. Future studies should consider preoperative data
and larger sample sizes to improve the understanding for the effects of rhGH replacement therapy on lipid profile.

Abbreviations

thGH, Recombinant human growth hormone; CPs, Craniopharyngiomas; HO, Hypothalamic obesity; CVD, Cardiovascular
disease; SDS, Standard deviation score; TC, Total cholesterol; TG, Triglyceride; HDL-C, High-density lipoprotein cholesterol;
LDL-C, Low-density lipoprotein cholesterol; LMM, Linear mixed model.
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