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Abstract

Purpose Bone mineral density (BMD) impairment is one of the critical factors for long-term quality of life in adults growth
hormone deficiency (AGHD). This study aims to investigate the annual changes in BMD in AGHD patients with different
ages of onset and to identify predicting factors that influence BMD.

Methods AGHD patients (n = 160) with available data for 4 years follow-up from a major tertiary medical center in China
were retrospectively included (110 [68.8%] childhood-onset, 119 [74.4%] male). BMD of the axial bone (including total hip,
neck of femur, and L1-4) derived from dual X-ray absorptiometry and final height were investigated at the first visit,
12 months, 24 months, 36 months, and 48 months thereafter. Low BMD was defined as Z-score < —2.

Results The prevalence of low BMD was 30.0% at baseline and 12.5% at 4 years of follow-up. The CO AGHD group presented a
significantly lower BMD than the AO AGHD group at the baseline (P = 0.009). In contrast, the CO AGHD group had significantly
greater median annual BMD change than the AO AGHD group (0.044 vs. —0.0003 g/cm*/year in L1-4, P <0.001), indicating a
significant difference in the overall BMD trend between CO and AO groups. Childhood-onset (odds ratio [OR] 0.326, P = 0.012),
low serum testosterone (OR 0.847; P = 0.004) and FT4 (OR 0.595; P = 0.039) level were independent risk factors for BMD loss.
Conclusion The annual changes of BMD show a different pattern in AGHD patients with varying ages of onset. Patients
with CO AGHD have a lower bone mass, and in general, appropriate replacement therapy is necessary for long-term bone
health in AGHD patients.

Keywords Adult growth hormone deficiency * Bone mineral density - Childhood-onset - Adulthood-onset - IGF-1 SDS

Introduction secretion of growth hormone (GH) from the pituitary gland

[1]. The main characteristics of AGHD include increased
Adult growth hormone deficiency (AGHD) is an uncommon  visceral adiposity, abnormal glucolipid metabolism,
condition caused by various etiologies, including hereditary ~ increased risk of cardiovascular diseases, low bone mass and
and acquired disorders that impair the synthesis and  increased risk of fracture, sarcopenia, impaired cognitive
function, and decreased quality of life [2]. In recent decades,
many studies have confirmed that recombinant human
growth hormone (thGH) is effective in improving metabolic
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disorders, low bone mass, and quality of life in AGHD
patients [1, 3, 4].

The GH-insulin-like growth factor 1 (IGF-1) axis is a
crucial regulator of bone homeostasis [5, 6]. In childhood,
GH promotes the linear growth and maturation of the ske-
letal system [7]. The GH/IGF-1 axis and gonadosteroids
synergistically build up appropriate peak bone mass from
puberty until adulthood [8] and maintain average bone mass
throughout life [9]. Peak bone mass is one of the most
essential factors for osteoporosis and fracture risk [10] since
a better peak bone mass is associated with a slower decrease
in bone mass in the later stages of life.

According to the age of onset, AGHD patients can be
divided into childhood-onset (CO) and adulthood onset (AO).
There is a broad spectrum of etiology in both CO and AO
AGHD patients. Congenital pituitary hypoplasia is a significant
etiology of CO AGHD, which is caused by abnormal temporal
and spatial expression of signaling molecules and transcription
factors during pituitary development [11, 12]. Pituitary hypo-
plasia is often accompanied by multiple pituitary hormone
deficiencies that may persist throughout a lifetime. Various
acquired disorders also cause CO AGHD, mainly including
craniopharyngioma and other neoplasia of the sellar region.
The etiology of AO AGHD patients is all acquired diseases,
including various tumors, traumatic brain injury, infectious
diseases, inflammatory diseases, and deposits of abnormal
substances in the sellar area [1]. Low bone mass is an essential
factor affecting the long-term prognosis of AGHD patients, but
there is currently limited research on whether the changes in
BMD in patients with CO and AO are similar in natural his-
tory. At the same time, whether thGH replacement therapy can
achieve equal clinical benefits for patients with different ages of
onset has always been controversial [13]. Long-term deficiency
of GH and IGF-1 is a crucial cause of bone loss in AGHD
patients. Various clinical studies suggest that IGF-1 is an
independent risk factor for predicting bone loss in AGHD
patients. In our previous work, IGF-1 was a positive predicting
factor for total volumetric BMD in patients with CO AGHD
[14]. While in other groups of patients with AO AGHD, serum
testosterone level was an independent influencing factor of
BMD of the femoral neck and lumbar spine [15].

In this retrospective cohort study, we aimed to
investigate the annual changes of BMD in AGHD
patients with different ages of onset and the predicting
factors of BMD.

Participants and methods
Participants

One hundred sixty AGHD patients were consecutively
enrolled in this study from April 2010 to January 2023 at
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Peking Union Medical College Hospital. The inclusion
criteria were: (1) The diagnosis of AGHD was confirmed
according to the diagnostic criteria of the guideline of the
American Endocrine Society [4]. Fifteen patients had
undergone insulin tolerance test with a peak GH value
lower than 3 ng/ml. Another 145 patients had serum IGF-1
levels below the age-adjusted reference ranges, combined
with deficiencies in three or more pituitary axes. (2) Pre-
dnisone and L-thyroxine were sustained as needed. (3) For
those patients with hypogonadotropic hypogonadism, tes-
tosterone or estrogen and progesterone replacement therapy
were sustained in male or female patients respectively. (4)
There were twice, or more available data of BMD derived
from dual X-ray absorptiometry scan. The exclusion criteria
were: (1) patients with hypopituitarism secondary to func-
tional pituitary adenomas, including corticotrophin, lacto-
trophin, somatotrophin, and thyrotrophin. (2) patients with
autoimmune hypophysis (e.g., lymphocytic hypophysis or
IgG4-related hypophysis) who have received pharmacolo-
gical doses of glucocorticoids, which could harm bone
health. The flowchart of this study is summarized in Fig. 1.

The study protocol was approved by the Institutional
Review Board of Peking Union Medical College Hospital
(Beijing, China).

Data extraction and management

Demographic, clinical, and biochemical data were extracted
from the electronic medical records system. The time of the
first bone health assessment by DXA was defined as the
baseline. Data were collected at the baseline, 12 months,
24 months, 36 months, and 48 months. Body mass index
(BMI) was calculated as weight (kg) divided by height (m)
squared. Serum biochemical parameters included liver and
kidney function, lipid profile [total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-c), high-density lipo-
protein cholesterol (HDL-c), and triglycerides (TG)], fasting
blood sugar, fasting insulin, and HbAlc. Hormonal para-
meters included insulin-like growth factor-1 (IGF-1), T, and
thyroid function. BMD of the femur neck, total hip, and
lumbar vertebraec 14 (LL1-4) were measured at each visit.
The standard deviation score of Insulin-like growth factor-1
(IGF-1 SDS) was calculated according to previously pub-
lished data from healthy Chinese adults [16]. Final height
was defined as the greatest height measurement with an
annual increment <0.5 cm. Standardized deviation scores
(SDS) for final height were calculated with the reference
standard base on the normal population [17].

Bone mineral density investigation

BMD was assessed by dual-energy X-ray absorptiometry
(Lunar Prodigy Advance, GE Lunar, Madison, WI, USA).
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Fig. 1 Flowchart of this study

The BMD of the axial bone (including total hip, neck of
femur, and L1-4) were investigated at the first visit,
12 months, 24 months, 36 months, and 48 months there-
after. Based on the minimum BMD Z-score of axial bone,
low BMD was defined as Z-score below —2. Osteopenia
was defined as T-score between —1 and —2.5 or Z-score
between —1 and —2. Osteoporosis was defined as 7-score
below —2.5 or Z-score below —2.

Statistical analysis

Statistical analysis was performed with IBM SPSS Statistics
for Windows, version 27.0, and GraphPad, version 9. Data
were presented as mean + SD (or median with first to third
quartile) for continuous variables normally (or not

normally) distributed, respectively. All measures were
checked for normality assumptions with Shapiro-Wilk test
and visual inspection of QQ plots and histograms. Sig-
nificance was accepted if P <0 .05.

To determine if there are any significant differences in
BMD, Z-score, the annual BMD changes (g/cm? per year),
and frequencies of low BMD between patients with AO and
CO AGHD, generalized estimating equation (GEE) models
were built to test for significance of AGHD patients with
different onset time. Repeated measure logistic regression
analyses were established using the GEE models to assess
the association between the clinical parameters and BMD
variables. The models accounted for the correlation of
repeated measures of BMD from the same subject and
produced the population-averaged effect over time. BMD
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Table 1 Baseline clinical
characteristics of the

included AGHD

All subjects CO AGHD (n=110) AO AGHD (n=>50) P value
Age at baseline (years) 29.7+7.0 274+5.1 344+8.1 <0.001

(Range: 19-56) (Range: 19-45) (Range: 19-56)
Gender (male, %) 119 (74.4%) 90 (81.8%) 29 (58.1%) 0.001
Final height SDS —0.40 (—1.94,038) —1.14+1.83 —0.18 +1.05 <0.001
BMI SDS 0.70 = 1.09 0.56 = 1.03 0.95+1.18 0.049
BMD total hip (g/cm?) 0.885 +0.143 0.854 +0.133 0.941 £0.143 0.001
Femoral neck (g/cm?)  0.856 +0.142 0.828 +0.138 0.907 +0.137 0.002
L1-4 (g/cm?) 0.981 +0.167 0.926 +0.142 1.083 +0.163 <0.001
IGF-1 SDS —3.35 (—4.75, —1.91) —4.04 (-5.27, —2.70) —2.40 (—3.17, —1.42) <0.001
T (ng/mL) 0.74 (0.10. 3.03) 0.59 (0.10, 3.39) 1.00 (0.10, 2.90) 0.989
FT4 (ng/dL) 0.90 (0.70, 1.09) 0.96 (0.85, 1.14) 1.08 (0.96, 1.35) 0.002
FBS (mmol/L) 4.90 (4.60, 5.18) 4.94+0.45 4.75 (4.50, 5.08) 0.073
FINS (ulU/mL) 10.18 (5.59, 15.05) 11.2 (5.59, 15.73) 8.48 (4.73, 13.79) 0.499
HbAlc (%) 5.23+0.45 5.13+£0.27 5.35+0.61 0.258
UA (umol/L) 362.08 +114.55 360.30 +112.95 365.96 +119.22 0.792
TC (mmol/L) 4.71 (4.11, 5.44) 4.57 (3.99, 5.35) 5.11 (4.47, 5.67) 0.023
TG (mmol/L) 1.26 (0.83, 2.03) 1.07 (0.78, 1.60) 1.92 (1.10, 2.74) <0.001
HDL-c (mmol/L) 1.10 (0.94, 1.39) 1.12 (0.96, 1.38) 1.07 (0.91, 1.45) 0.642
LDL-c (mmol/L) 2.89 (2.42, 3.40) 2.81 (2.37, 3.30) 3.09 (2.45, 3.65) 0.205

Data are presented as the mean + SD or median (P25, P75). P value stands for the differences between CO

AGHD and AO AGHD

AGHD adult growth hormone deficiency, CO childhood-onset, AO adulthood-onset, BMI body mass index,
BMD bone mineral density, L/—4 lumbar vertebrae 1-4, IGF-1 SDS insulin-like growth factor-1 standard
deviation score, T testosterone, F74 free thyroxine, FBS fasting blood sugar, FINS fasting insulin, UA uric
acid, TC total cholesterol, 7G triglycerides, HDL-c high-density lipoprotein-cholesterol, LDL-c low-density

lipoprotein-cholesterol

variables were analyzed as ordered variables with three risk
groups, including normal bone mass, osteopenia, and
osteoporosis. Exchangeable working correlation and robust
standard error were used in GEE analysis. Adjusted factors
for sex, BMI, FT4, and significant variables were selected in
multivariable analysis. The model results are reported as
odds ratio and pooled adjusted OR, with 95% confidence
intervals.

Results
Clinical characteristics at the baseline

The baseline clinical characteristics of the 160 AGHD patients
were presented in Table 1. There were 110 CO AGHD
patients with pituitary hypoplasia and 50 AO AGHD patients
with various acquired disorders. Among these patients, 71.4%
had adrenal insufficiency and 94.6% had central hypothyr-
oidism. All patients had hypogonadotropic hypogonadism.
Diabetes insipidus occurred in 15 patients (17.0%).

In the AO AGHD group, there were 12 with intracranial
germ cell tumors (24%), 14 with nonfunctioning pituitary
adenomas (28%), 1 with craniopharyngioma (2%), and 23
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with other disorders which caused structural damage of the
saddle area, including infection, Langerhans cell histiocy-
tosis and Rathke cyst (46%). The frequency of adrenal
insufficiency, central hypothyroidism, and hypogonado-
tropic hypogonadism was 93.6%, 89.6%, and 80.4%,
respectively. The incidence of diabetes insipidus was 57.4%.

The mean age of the CO AGHD group (27.4 £ 5.1 years)
was younger than the AO AGHD group (34.4 £ 8.1 years),
and the proportion of males was higher (81.8% vs 58.1%).
All CO AGHD npatients received thGH replacement ther-
apy, among which 24 patients stopped treatment due to
economic burden, non-compliance, and other reasons, and
their treatment stopped at a median of 3 years (first to third
quartile: 1-5) prior to the first visit. The remaining patients
were still receiving rhGH therapy during the follow-up
period. None of the AO AGHD patients had received rhGH
treatment. All male patients received intramuscular or oral
testosterone undecanoate. All female patients were treated
with oral replacement therapy of estrogen and progesterone
combination. The IGF-1 SDS of the CO AGHD group was
significantly lower than the AO AGHD group (—4.04 vs.
—2.40, P =0.000). All AGHD patients had a final height of
167.0cm with —0.40 SDS within the normal range. The
final height SDS of CO patients was significantly lower than
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Fig. 2 Overall BMD (a) and Z-score (b) in AGHD patients. N; and N,: sample size of the whole AGHD group

that of AO AGHD patients (—1.14 = 1.83 vs. —0.18 +1.05,
P <0.001) (Table 1).

The BMD of L1-4, total hip, and neck of femur in the
CO AGHD group were significantly lower than those in the
AO AGHD group (P=0.001, P=0.002, P<0.001,
respectively). The AO AGHD group had higher BMI SDS
(0.95 vs. 0.56, P =0.032), FT4 (1.08 VS. 0.96, P = 0.002),
TC (5.11 vs. 457, P=0.023) and TG (1.92 vs. 1.07,
P <0.001) levels than the CO AGHD group, while there
was no significant difference in LDL-c and HDL-c levels.
No differences were observed in serum 7 levels, and glu-
cose metabolism parameters, including blood glucose,
fasting insulin, and HbAlc between the two groups.

Bone mineral density assessment at follow-up

In BMD assessment from the first visit to the end of 4-year
follow-up, all patients had at least 2 separate measurements,
24 patients had 3 separate measurements, and 3 patients had
4 separate measurements. As shown in Fig. 2a, b, mean BMD
and Z-score of all AGHD patients increased over the follow-
up period, with the mean BMD increasing from 0.983 + 0.015
to 1.101+0.034 (mean Z-score from —1.251+0.113 to
—0.88 £0.293) at L1-4, from 0.858 £0.012 to 0.930+0.027
(mean Z-score ranged from —0.844+0.087 to
—0.286 = 0.204) at the neck of femur, and from 0.887 +0.012
to 0972+0.024 (average Z-score ranged from
—0.695+0.085 to 0.010 +0.179) at total hip (all P<0.001,
Table S1). The prevalence of low BMD (Z-score below —2)
decreased from 30.0% (at the first presentation) to 12.5% (at 4
years) (Table S2), and it occurred more often in patients with
CO AGHD than in AO AGHD patients (P =0.011).

The point estimates and GEE analysis of the mean
absolute (g/cmz) and Z-score BMD in lumbar vertebrae,
total hip, and neck of femur were visualized and summar-
ized in Fig. 3 and Table S3, and as such, the overall sig-
nificant different trend in BMD change in the CO and AO
AGHD groups was visible. Trends in measured BMD
changes showed that BMD increased over time in CO
AGHD patients and fluctuated above and below baseline in

AO AGHD patients. At baseline, a significantly lower BMD
was measured in the CO AGHD group compared with the
AO AGHD group in all three sits. In the area of L1-4, a
gradual BMD increase from 0.926 +0.016 to 1.168 + 0.031
with an annual change of 0.044 +0.003 g/cm?, and an
average BMD Z-score increase from —1.61+0.11 to
—0.39 +0.27 were measured at 4 years follow-up for CO
AGHD patients, whereas those were slightly fluctuating
with a significantly lower annual BMD change of —0.0003
(—0.022, 0.023) g/cm2 for AO AGHD patients (P <0.001,
Table 2). The BMD data in the femoral neck (median
0.024 g/cm?) and total hip (0.017 g/cm?) similarly increased
gradually in the CO AGHD group. In contrast, the median
overall BMD of the femoral neck (0.005 g/cmz) and the
total hip (0.006 g/cm?) in AO AGHD patients fluctuated less
over 4 years in patients with AO AGHD (Table 2).

Analysis of factors influencing BMD change

We further investigated the factors associated with decreased
BMD by analyzing patients with normal bone mass, osteo-
penia, and osteoporosis (Table 3). The univariable regression
analyses showed that BMD tended to be lower in the CO
AGHD group than in the AO AGHD group (OR 0.338;
P =0.001). Higher serum T level (OR 0.929; P =0.019) was
associated with less bone loss, whereas no significant corre-
lation was found between IGF-1 SDS (OR 0.957; P = 0.486),
FT; (OR 0.667; P=0.290) and BMD. The multivariable
regression analysis adjusted for gender and BMI showed that
the CO AGHD (OR 0.326, P =0.012) and low serum T level
(OR 0.847; P =0.004) were both independent risk factors and
low FT4 (OR 0.595; P =0.039) was also found to be one of
the contributing factors for decreased BMD.

Discussion
In this retrospective cohort study, we focused on long-

itudinal BMD changes in AGHD patients with different
ages of onset. Our results showed that (1) there was an
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Fig. 3 Changes of BMD (a—c) and Z-score (d—f) over time in AO and CO AGHD patients. n;: sample size of the AO AGHD group; n,: sample size

of the CO AGHD group

Table 2 Annual BMD change in
AO and CO AGHD patients

Rate of mean BMD change CO AGHD AO AGHD 3 P value
(g/cm? per year)
L1-4 0.044 (0.016, 0.068) —0.0003 (—0.022, —0.041 <0.001
0.023)
Femoral neck 0.024 (0.006, 0.048) 0.005 (—0.014, 0.022) —0.087 0.133
Total hip 0.017 (—0.002, 0.006 (—0.003, 0.018) —0.014 0.274
0.041)

AGHD adult growth hormone deficiency, CO childhood-onset, AO adulthood-onset, BMD bone mineral

Table 3 Univariable and

density, LI/—4 lumbar vertebrae 1-4

.. . Variables OR (95% CI) P value  Adjusted OR (95% CI)  Adjusted P value
multivariable generalized
estimating equations analysis for A qui¢ onset of AGHD ~ 0.338 (0.175, 0.653)  0.001 0.326 (0.136, 0.783) 0.012
factors associated with
decreased BMD Male sex 1.587 (0.764, 3.299)  0.216 1.316 (0.445, 3.888) 0.620
BMI 1.002 (0.997, 1.007)  0.334 1.000 (0.998, 1.003) 0.783
IGF-1 SDS 0.957 (0.845, 1.084)  0.486 0.974 (0.866, 1.096) 0.662
T 0.929 (0.874, 0.988)  0.019 0.847 (0.756, 0.949) 0.004
FT4 0.667 (0.315, 1.412)  0.290 0.595 (0.363, 0.974) 0.039

AGHD adult growth hormone deficiency, BMD bone mineral density, BMI body mass index, IGF-1 SDS
insulin-like growth factor-1 standard deviation score, 7T testosterone, F74 free thyroxine

overall high frequency of low bone mass in both CO and
AO AGHD npatients; (2) CO AGHD patients presented a
significantly lower BMD than AO AGHD patients; (3) CO,
low serum T level and FT4 were independent risk factors
for osteoporosis.

The GH/IGF-1 axis is an essential regulator of bone
homeostasis throughout life [18]. GH and IGF-1 have
comprehensive physiological actions on bone mineral
metabolism, remodeling, and skeletal muscle [19]. Studies
in rodents confirmed that IGF-1 promotes the proliferation
of chondrocytes in the growth plate and regulates bone
remodeling via the effects on the osteoclast, osteoblast, and
osteocyte. It has also been proposed that the effects of IGF-
1 on skeletal muscle precede its effects on bone. In animal
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models, it has been found that increased muscle mass was
associated with more prominent bones in mice over-
expressing IGF-1 [20]. In addition, studies have reported
that circulating IGF-1 may indirectly promote periosteal
apposition and mass accumulation by stimulating muscle
growth [21], and a muscle-mediated link between IGF-1
and bone mass accumulation throughout adolescence has
been proposed [22]. GH/IGF-1 consistently promotes linear
growth during childhood and adolescent development and
contributes to achieving good bone peaks. IGF-1 levels
gradually decrease in adulthood and continue to play a role
in maintaining bone remodeling [19].

Bone loss is a prominent clinical manifestation of
AGHD. So far, many clinical studies have confirmed
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AGHD patients have decreased BMD, decreased bone
mineral content, and increased fracture risk [23-25]. In our
study, the IGF-1 level, and BMD of the CO group were
significantly lower than that of the AO group, and the
incidence of low BMD at follow-up was also significantly
higher than that of the AO group. Even though all patients
had received rhGH replacement therapy during follow-up,
the CO AGHD group was far from achieving good bone
peak value, consistent with reports from other research
centers [24, 26]. It should be noted that patients with CO
AGHD were shorter than AO AGHD and this might con-
tribute to the poorer BMD in the CO AGHD group since
BMD depends on height and BMD measured by DAX may
be underestimated in short patients [27]. In addition, we
recalculated after removing a small number of patients in
the CO AGHD group who had stopped rhGH treatment
prior to enrollment for personal reasons and found that there
was still a significant statistical difference in BMD between
the AO and CO groups (Table S3). This may be due to the
short time since stopping treatment and the small number of
patients. Further investigations are advocated to evaluate the
effects of thGH treatment and BMD improvement in
AGHD patients with different ages of onset.

Regarding trends in BMD in AGHD patients, several
studies of long-term rhGH replacement over 5-15 years have
reported a sustained increase, plateau phase, or return towards
baseline values in BMD value at the lumbar spine, femoral
neck, or total body [28-32]. In our data, the mean BMD and
Z-score of CO AGHD patients showed gradual increases at all
three measured sites during 4 years of follow-up, and the rate
of change was significantly higher than that of patients with
AO AGHD. This may be because the patients with CO
AGHD are relatively young, and some patients have not yet
reached peak bone value. Therefore, even if thGH treatment is
stopped for various reasons and sex hormone supplementation
is continued, BMD continues to increase during follow-up.

Subsequently, multivariate analysis model showed that
childhood-onset AGHD, T, and FT4 levels were indepen-
dent risk factors for BMD changes, which also provided a
possible explanation for the more adverse BMD outcomes in
CO AGHD patients and the more significant BMD increase
after hormone replacement during follow-up. Although
many studies have suggested that IGF-1 level was a risk
factor associated with BMD, there are some controversies. In
our previous work, we also found that in middle-aged male
AGHD patients, childhood-onset and T level were inde-
pendent risk factors for bone mass loss, but not IGF-1 level
[15]. Several studies have confirmed a clear gender differ-
ence in the effect of sexual dimorphism on bone outcomes of
rhGH treatment, with males showing more favorable out-
comes [28]. FT4 showed inconsistent significance in uni-
variable and multivariable analyses in this study, suggesting
possible statistical confounding factors. Since significant

differences in FT4 in the CO AGHD and AO AGHD groups
suggested an association between the two factors, a multi-
variate model was then constructed to adjust for confounders
to show that low FT4 was an independent risk factor for
lower BMD. Thyroid dysfunction has detrimental effects on
bone structures, and deficiency of FT4 impairs bone turn-
over by reducing osteoclastic bone resorption and osteo-
blastic activity [33, 34]. However, no precise data show any
relationship between adult BMD and hypothyroidism, and
thyroid hormone’s cellular and molecular effects on bone
structure still need further investigation. There are also some
evidence supports the significant role of T in enhancing the
biological effect of growth hormone receptor (GHR) by
promoting the expression of GHR and increasing the tissue
reactivity to growth hormone. for example, replacement of
both 7 and growth hormones are necessary for men with
hypopituitarism to achieve full anabolic effects [35, 36].

In our data, significantly lower IGF-1 and FT4 levels in
CO AGHD patients at baseline, as well as T levels that
remained within the normal range but were relatively lower
than in AO AGHD patients, may be factors associated with
bone mineral density loss in CO AGHD patients. Con-
versely, the significantly higher proportion of men in CO
AGHD patients and the faster BMD growth rate during
rhGH, T, and FT4 replacement therapy also fully indicate
the positive role of normal 7" and thyroid function in BMD
changes. Therefore, although more standardized clinical
studies are still needed, IGF-1, T, and FT4 levels and their
complex interactions may collectively contribute to differ-
ences in AGHD patients at different age of onset.

In addition, we also found that the BMD in lumbar ver-
tebrae increased significantly faster than in the total hip and
neck of the femur. Although previous studies have demon-
strated that GH has a more pronounced effect on cortical bone
(femoral neck, total hip) than trabecular bone (lumbar verteb-
rae) [37], data from male populations showed the opposite,
with lumbar trabecular bone sensitivity to gonadosteroids while
BMD in femur decreasing with age in both genders [32, 38].

The final height of our CO AGHD patients was not
impaired but was still significantly lower than that of the
AO AGHD group. Our data reinforced the importance of
appropriate thGH substitution for pituitary hypoplasia
patients during childhood and adolescence to gain final
height. Our result is similar to the findings of Kendall-
Taylor et al. in craniopharyngioma patients (CP) [39], who
found a significantly shorter height in CO patients than in
AO patients. Our data is inconsistent with another study in
which the final height of patients with AO CP and CO CP
was not impaired and was similar to each other [40]. These
suggested that there might be heterogeneity in the clinical
management of AGHD in different regions and cultures.

This is the first longitudinal study to compare the changes in
BMD in CO and AO AGHD patients over 4 years of follow-
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up. However, there are some limitations to be acknowledged.
First, this is a single-center retrospective study with a small
sample size and a relatively short follow-up period of only 4
years to allow the identification of risk factors for osteoporosis
in AGHD patients. Second, although only those with twice or
more available data on dual X-ray absorptiometry scan results
for BMD were included in the present analysis, only 10% had
data at 4 years of follow-up, which is a major weakness of the
study and could also introduce selection bias. Third, con-
sidering that bone mineral density is influenced by lifestyle
factors, including dietary and exercise habits, these data, as well
as vitamin D level and bone turnover indicators, are difficult to
achieve in the retrospective study. Multicenter prospective
studies to evaluate the benefits of rhGH replacement therapy in
CO and AO AGHD patients are thus advocated.

In conclusion, our findings indicate that the annual
changes of BMD show a different pattern in AGHD patients
with different ages of onset. Patients with CO AGHD have
a lower bone mass and that in general in GHD appropriate
replacement therapy is necessary for long-term bone health
in AGHD patients.
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