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Abstract
Purpose The effects of growth hormone (GH) replacement therapy on fracture risk in adult GH deficient (GHD)
patients with different etiologies of pituitary GHD are not
well known, due to limited data. The aim of this study was
to investigate characteristics and fracture occurrence at
start of (baseline) and during long-term GH replacement
therapy in GHD adults previously treated for Cushing’s
disease (CD) or acromegaly, compared to patients with
previous nonfunctioning pituitary adenoma (NFPA).
Methods From the Dutch National Registry of Growth
Hormone Treatment in Adults, a nationwide surveillance
study in severe GHD adults, all patients using C30 days of
GH replacement therapy with previous NFPA (n = 783),
CD (n = 180) and acromegaly (n = 65) were selected.
Patient characteristics, fractures and potential influencing
factors were investigated.
Results At baseline, patients with previous CD were
younger, more often female and had more often a history
of osteopenia or osteoporosis, whereas patients with previous acromegaly had more often received cranial
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radiotherapy and a longer duration between treatment of
their pituitary tumor and start of adult GH replacement
therapy. During follow-up, a fracture occurred in 3.8 %
(n = 39) of all patients. Compared to patients with previous NFPA, only patients with previous acromegaly had
an increased fracture risk after 6 years of GH replacement
therapy.
Conclusions During GH replacement therapy, an
increased fracture risk was observed in severe GHD adult
patients previously treated for acromegaly, but not in those
previously treated for CD, compared to severe GHD adult
patients using GH replacement therapy because of previous
NFPA. Further studies are needed to confirm these findings
and to elucidate potential underlying mechanisms.
Keywords Growth hormone  Fractures  Growth
hormone deficiency  Cushing’s disease  Acromegaly 
Nonfunctioning pituitary adenoma  Bone

Introduction
Severe growth hormone deficiency (GHD) in adults is an
increasingly recognized clinical entity, characterized by
unfavorable alterations in body composition, cardiovascular risk factors and quality of life [1–3]. Moreover, adult
GHD is associated with decreased bone turnover and bone
mineral density (BMD) [4–7]. In addition, several studies
have demonstrated a three- to fivefold increased fracture
risk in GHD patients compared with healthy controls [6, 8–
10]. Long-term growth hormone (GH) replacement therapy
in these patients has shown a biphasic effect on bone
turnover and BMD. After an initial increase in bone
resorption, which may result in unchanged or decreased
BMD, an increase in BMD is seen, which is sustained up to
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15 years [4–6, 11–13]. Nevertheless, available literature
regarding fractures, a clinically relevant endpoint, is limited [5, 6, 8–11, 13–17]. Compared with healthy controls,
Holmer et al. [17] found an increased fracture risk in
women with childhood onset GHD (CO-GHD) using GH
replacement therapy, but a decreased fracture risk in men
with adult onset GHD (AO-GHD) using GH replacement
therapy. In another report, the prevalence of radiological
vertebral fractures was higher in untreated GHD patients
than in those treated with GH replacement therapy (78.6 vs.
53.8 %) [16]. In a recent large observational study, the
annual clinical fracture incidence was significantly lower in
adult GHD patients with GH replacement therapy than in
those without GH replacement therapy (1.19 vs. 1.91 %)
[14]. Moreover, in a prospective study including GHD
adult patients, 30 % of the patients developed radiological
vertebral fractures during 6 years of follow-up. Vertebral
fracture incidence was related to pre-existing vertebral
fractures at study entry and untreated GHD. GH replacement therapy led to a significant decrease in vertebral
fracture risk [18]. Although these studies may point toward
a beneficial effect of GH replacement therapy on fractures
in GHD patients, they show a wide variation in study
design, population, follow-up duration and endpoints.
Moreover, the effect of GH replacement therapy on fractures in patients with specific causes of GHD has not been
thoroughly investigated.
Various underlying disorders may lead to GHD, of
which pituitary adenomas (PAs) and their treatments are
the most common in adults [19]. These underlying disorders may influence the clinical presentation of GHD and
possibly the response to GH replacement therapy [20]. For
instance, Cushing’s disease (CD), a severe endocrine disorder characterized by hypercortisolism, is associated with,
amongst others, osteoporosis and increased fracture risk
[21–23]. Acromegaly, due to a GH-secreting PA, has also
been related with abnormalities of the skeletal system [4–6,
24–27]. In a recent meta-analysis, skeletal fragility was
found to be an emerging complication of acromegaly [25].
An increased risk of (vertebral) fractures has been described in some, but not all, studies, even after long-term
control of acromegaly [5, 26, 28].
Few studies have compared bone related parameters
between GHD patients previously treated for CD, acromegaly and other underlying causes of GHD [10, 20, 29–
32]. In one study, bone markers and BMD were similar in
patients with previous acromegaly and nonfunctioning
pituitary disease during 2 years of GH replacement therapy
[32]. In another study comparing GHD patients treated for
CD and acromegaly, respectively, with those treated for
other causes of GHD, a lower BMD and higher fracture
prevalence were found in CD patients at baseline, but not
in acromegaly patients [20]. However, the occurrence of
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fractures during GH replacement therapy was not specifically investigated.
Therefore, the aim of the present study was to investigate patient characteristics as well as occurrence of fractures and potential influencing factors in a large cohort of
adult GHD patients with previous CD, acromegaly and
nonfunctioning pituitary adenoma (NFPA), respectively, at
the start of and during long-term GH replacement therapy.
Using data from Dutch National Registry of Growth Hormone Treatment in Adults, a nationwide long-term
surveillance study in severe GHD adult patients, GHD
patients with previous CD and acromegaly were compared
to those with previous NFPA.

Materials and methods
Study population
The Dutch National Registry of Growth Hormone Treatment in Adults was initiated by the Dutch Ministry of
Health in 1998 to gain more insight into the long-term
efficacy, safety and costs of GH replacement therapy in
GHD adults. From that time on, reimbursement of GH
replacement therapy costs was linked to approval of the
indication, severe GHD, by an independent board of
endocrinologists as well as entry of anonymous patient data
into the registry. All patients were informed by their
attending physician. Severe GHD was diagnosed according
to the Growth Hormone Research Society consensus
guidelines [33]. Until data closure in 2009, 2891 severe
GHD adults were registered. Data collection, characteristics and test procedures of these patients have previously
been described in more detail [34].
For this study, all patients with previous NFPA
(n = 893), acromegaly (n = 72) and CD (n = 198) were
selected. Patients who had received \30 days of GH
replacement therapy were excluded (n = 110, n = 18 and
n = 7 patients with previous NFPA, CD and acromegaly,
respectively). Excluded patients (n = 135) had a similar
age at entry into the registry (p = 0.17), gender (p = 0.99)
and onset of GHD (p = 0.39), compared to patients
included in the study (n = 1028). Patients who were lost to
follow-up, stopped GH replacement therapy or died, were
censored in the analyses.
Measurements
Data of all registered patients were collected (bi-) annually
from medical records by specially trained monitors from
the start of enrollment in the registry. When GH replacement therapy had already been started before the first
monitor visit, data were retrospectively retrieved. As an
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internal quality control, the data of 10 % of the patients
were collected twice by different monitors. Anonymized
collected data were checked for accuracy both before and
after entry into the database.
Persons-years of treatment with GH replacement therapy were calculated from the date of commencement with
GH replacement therapy in adulthood (baseline) until the
date of last follow-up, discontinuation of GH replacement
therapy or death. The GH dose was titrated on an individual basis by the attending physician with the purpose
of achieving and maintaining age- and gender-specific
normalized insulin-like growth factor 1 (IGF-1) SD
scores. Changes in GH dosage were recorded and the
mean dose per patient was calculated as the cumulative
dosage divided by the sum of GH replacement therapy
days.
The diagnosis of the pituitary tumor, i.e. NFPA, CD or
acromegaly, was made at the discretion of the attending
physician and verified at entry into the database according
to the collected data. Data regarding the treatment of the
tumor, such as surgical procedures, medication and radiotherapy, were collected. Other pituitary hormone deficiencies in addition to GHD were identified through recorded
deficiencies and hormonal replacement therapies, based on
diagnostic tests performed by the attending physicians, at
the start of registration and during follow-up. These deficiencies were adequately substituted when appropriate.
Calcium, bisphosphonate, vitamin D and other osteoporosis
medication use were recorded at baseline and during follow-up.
Smoking status, alcohol use, height and weight, used to
calculate body mass index (BMI, kg/m2), were collected
from the start of entry into the registry.
Relevant medical history was searched thoroughly and
coded for osteopenia/osteoporosis, diabetes and fractures.
In a minority of patients, baseline dual X-ray absorptiometry (DXA) data were available. Several types of DXA
scanners were used. Measured skeletal sites included the
lumbar spine, femoral neck, trochanter, total hip and/or
total body. According to widely used criteria, osteopenia
was defined as a T-score between -1 and -2.5 and
osteoporosis as a T-score equal to or below -2.5 at one of
the measured sites [35]. In patients with available DXA
data, these data were used to complement and verify
reported osteopenia/osteoporosis.
Adverse events were recorded thoroughly and coded for
fractures. All types of fractures were included. If [1
fracture occurred at the same time, the largest bone that
was fractured was counted as the fractured bone. If [1
fracture occurred over time in the same patient, only the
first fracture was included in the analysis. The date of
fracture was that of the first recorded event.

Statistical analysis
Continuous variables were expressed as either mean (SD)
or median (range), while categorical variables were
expressed as number and/or percentage. Parametric or
nonparametric tests were used when appropriate.
Kaplan–Meier survival curves were used to describe the
event-free survival. Cox proportional hazard analysis was
used to investigate fracture risk. Time was measured from
start of GH replacement therapy in adulthood until the date
of first fracture, last follow-up or death, whichever occurred first. Assumptions of proportional hazards were tested
by log-minus-log plots and interaction terms. A significant
interaction with time was observed, resulting in different
hazard ratio’s (HRs) before and after 6 years of follow-up.
To examine relevant confounding, potentially confounding variables (gender, age, history of fractures, history of
osteopenia/osteoporosis, osteoporosis medication use, extent
of pituitary insufficiency [isolated GHD or multiple pituitary
hormone deficiencies], adrenocorticotropic hormone [ACTH]
insufficiency, luteinizing hormone [LH]/follicle-stimulating
hormone [FSH] insufficiency, pituitary surgery, radiotherapy
and time between tumor treatment and start of GH replacement therapy) were added separately to the unadjusted model.
Age and time between tumor treatment and start of GH
replacement therapy, both continuous variables, were
checked for linearity with the outcome variable and because
of nonlinearity divided into categories. To examine potential
effect modification by gender, an interaction term was added
to the gender-adjusted model. In case of a p value \0.10
analyses were stratified for gender. All statistical analyses
were performed using the statistical software package IBM
SPSS Statistics version 20. Two-sided p values of B0.05 were
considered significant.

Results
Baseline characteristics
Of the 1028 severe GHD adult patients included in the
present study, 783 (76.2 %) had previous NFPA, 180
(17.5 %) previous CD and 65 (6.3 %) previous acromegaly. In 924 (89.9 %) patients, severe GHD was diagnosed
with a GH stimulation test (53.2 % insulin tolerance test,
22.6 % Growth Hormone-Releasing Hormone [GHRH]/
arginine test, 15.0 % arginine test, 8.8 % GHRH test,
0.3 % other). In 97 (9.4 %) patients, the diagnosis was
based on serum IGF-1 concentrations B2 SD in combination with two or more additional pituitary hormone deficiencies, whereas in 7 (0.7 %) patients either retesting was
considered unnecessary because of CO-GHD due to
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evident hypothalamic pituitary disease (n = 2 NFPAs), or
the diagnostic procedure was unknown (n = 4 NFPAs and
n = 1 CD).
Baseline characteristics of all patients are presented in
Table 1. In 414 (40.3 %) patients, baseline DXA data were
available. Of these patients, 71 (17.1 %) had osteoporosis
at one or more of the measured sites (15.6, 26.4 and 11.8 %
of patients with previous NFPA, CD and acromegaly,
respectively, p = 0.06), whereas 147 (35.5 %) had
osteopenia (34.4, 43.1 and 29.4 % of patients with previous
NFPA, CD and acromegaly, respectively, p = 0.29).
Combining these two categories, 218 (52.7 %) patients had
a T-score below -1 (50.0, 69.4 and 41.2 % of patients with
previous NFPA, CD and acromegaly, respectively,
p = 0.004).
Follow-up characteristics
Median follow-up time was 5.2 (0.1–20.2) years, representing 4065 person-years of GH replacement therapy, for
patients with previous NFPA, 6.1 (0.2–15.8) years, corresponding with 1104 treatment-years, for patients with
previous CD and 3.1 (0.2–13.7) years, being 280 treatmentyears, for patients with previous acromegaly (p \ 0.001).
Daily median GH dose differed between the three groups
(0.27 [0.04–1.26] vs. 0.31 [0.10–1.45] vs. 0.28 [0.10–0.83]
mg in the NFPA, CD and acromegaly group, respectively,
p \ 0.001).
During follow-up, osteoporosis medication was used by
166 (21.3 %) of the patients with previous NFPA, 69
(38.5 %) of the patients with previous CD and 22 (33.4 %)
of the patients with previous acromegaly (p \ 0.001). This
included use of calcium (17.3 vs. 31.8 vs. 21.9 % of
patients with previous NFPA, CD and acromegaly,
respectively, p \ 0.001), bisphosphonates (11.5 vs. 25.1
vs. 20.3 % of patients with previous NFPA, CD and
acromegaly, respectively, p \ 0.001), vitamin D (12.3 vs.
21.8 vs. 14.1 % of patients with previous NFPA, CD and
acromegaly, respectively, p \ 0.001) and other osteoporosis medication (0.6 vs. 4.5 vs. 4.7 % of patients with
previous NFPA, CD and acromegaly, respectively,
p \ 0.001).
Fractures
During follow-up, 39 (3.8 %) patients (fracture data not
available in one patient) had a fracture, including 26
(3.3 %) patients in the NFPA group, 8 (4.4 %) patients in
the CD group and 5 (7.8 %) patients in the acromegaly
group. The majority of the patients (n = 32 [82.1 %]) had
one fracture. Median time between baseline and first
fracture during follow-up was 2.4 (0.04–10.0) years, being
1.9 (0.04–9.6), 3.0 (0.9–8.7) and 8.3 (0.5–10.0) years for

123

patients with previous NFPA, CD and acromegaly,
respectively. Mean age at time of first fracture during
follow-up was 58.7 (11.1) years. Most first fractures
(n = 15 [38.5 %]) were located in the lower or upper arm
(also including wrist and clavicle), followed by the hip
(n = 5 [12.8 %]), foot (n = 5 [12.8 %]) and tibia/fibula
(n = 4 [10.3 %]). Vertebral fractures were reported in 2
(5.1 %) cases (both in the NFPA group). Characteristics of
patients with and without a fracture during follow-up are
shown in Table 2.
The fracture-free survival of patients with previous
NFPA, CD and acromegaly is shown in Fig. 1. In Cox
proportional hazard analysis a significant interaction with
time was observed (p = 0.05), resulting in different HRs
before and after 6 years of follow-up (Table 3). Before
6 years of follow-up, fracture risk did not differ between
patients with previous NFPA, CD and acromegaly, whereas
after 6 years, fracture risk was increased in patients with
acromegaly, but not in those with CD, compared to patients
with NFPA. Adjustment for potential confounders,
including gender, age, history of fractures, history of
osteopenia/osteoporosis, osteoporosis medication use,
extent of pituitary insufficiency, ACTH insufficiency, LH/
FSH insufficiency, pituitary surgery, radiotherapy and time
between tumor treatment and start of GH replacement
therapy did, not substantially influence the results (data not
shown). Until 6 years of follow-up, 29 of 579 (5.0 %)
patients had a fracture, including 21 (4.7 %) patients in the
NFPA group, 6 (6.7 %) in the CD group and 2 (4.7 %) in
the acromegaly group. After 6 years of follow-up, 10 of
448 (2.2 %) patients had a fracture, including 5 (1.5 %), 2
(2.2 %) and 3 (14.3 %) patients in the NFPA, CD and
acromegaly groups, respectively.

Discussion
The present observational study of severe GHD adult
patients using GH replacement therapy, included a large
cohort of patients with previous NFPA, CD and acromegaly, respectively. Characteristics of these patients at initiation of and during adult GH replacement therapy were
investigated with the focus on fractures and possible contributing factors. Compared to patients with previous
NFPA, patients with previous acromegaly, but not those
with previous CD, appeared to have an increased fracture
risk after 6 years of adult GH replacement therapy. Before
6 years of follow-up, however, no increased fracture risk
was observed.
At baseline, patients with previous CD were, amongst
others, younger, more often female and had more often a
history of osteopenia or osteoporosis, whereas patients with
previous acromegaly had a longer duration between tumor
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Table 1 Baseline characteristics of adult GHD patients with previous nonfunctioning pituitary adenoma, Cushing’s disease and acromegaly,
respectively
CD

No. of patients

783

180

65

Age at baseline, years (mean, SD)

54.8 (11.6)

47.4 (12.7)

53.0 (11.7)

\0.001

Age at pituitary tumor diagnosis, years (mean, SD)

48.0 (13.2)

35.6 (12.9)

36.9 (11.9)

\0.001

Gender, female

305 (39.0)

122 (67.8)

38 (58.5)

\0.001

Pituitary surgeryb

726 (92.8)

153 (85.0)

59 (90.8)

0.003

Cranial radiotherapyc

390 (50.2)

111 (61.7)

51 (78.5)

\0.001

Adrenalectomyd

Acromegaly

p valuea

NFPA

65 (36.7)

Extent of pituitary insufficiency
IGHD

40 (5.1)

19 (10.6)

10 (15.4)

\0.001

ACTH insufficiency

601 (76.8)

137 (76.1)

44 (67.7)

0.26

TSH insufficiency

627 (80.1)

127 (70.6)

47 (72.3)

0.01

LH/FSH insufficiency

636 (81.2)

112 (62.2)

44 (67.7)

\0.001

ADH insufficiency

105 (13.4)

38 (21.1)

4 (6.2)

0.004

PRL insufficiency

5 (0.6)

3 (1.7)

1 (1.5)

0.34

C3 other pituitary hormone deficits

487 (62.2)

90 (50.0)

33 (50.8)

0.004

Onset of GHD, childhood onset

5 (0.6)

4 (2.2)

0 (0.0)

0.09

Time between tumor treatment and start of GH
replacement therapy, years (median, range)e

3.6 (-1.6 to 46.0)

8.7 (0.27–48.6)

14.8 (1.2–47.8)

\0.001

199 (25.9)

80 (45.2)

20 (30.8)

\0.001

Medical historyf
Osteopenia or osteoporosis
(T-score \ -1)g
Fractures

109 (14.2)

28 (15.8)

8 (12.3)

0.76

Diabetes

66 (8.6)

19 (10.7)

1 (1.5)

0.08

Yes

185 (28.0)

39 (26.9)

14 (48.3)

Former

168 (25.6)

25 (18.3)

5 (17.2)

No

304 (46.3)

81 (55.9)

10 (34.5)

Alcohol usei

246 (46.5)

44 (36.4)

9 (36.0)

0.09

BMI, kg/m2 (mean, SD)j

28.6 (4.8)

28.2 (5.4)

29.6 (5.7)

0.25

Smokingh

0.02

Osteoporosis medicationk
Calcium

64 (8.2)

28 (15.6)

8 (12.5)

0.008

Bisphosphonates

30 (3.8)

18 (10.1)

8 (12.5)

\0.001

Vitamin D

37 (4.7)

14 (7.8)

5 (7.8)

0.18

Other

0 (0.0)

3 (1.7)

2 (3.1)

\0.001

Dopamine agonists

26 (3.3)

2 (1.1)

4 (6.2)

0.11

Ketoconazole

0 (0.0)

3 (1.7)

0 (0.0)

\0.001

Males

239 (50.0)

20 (34.5)

13 (48.1)

0.08

Females

102 (33.4)

34 (27.9)

6 (15.8)

0.06

Gonadal replacement therapy

GHD growth hormone deficiency, NFPA nonfunctioning pituitary adenoma, CD Cushing’s disease, IGHD isolated growth hormone deficiency,
ACTH adrenocorticotropic hormone, TSH thyrotrophin, LH luteinizing hormone, FSH follicle-stimulating hormone, ADH antidiuretic hormone,
PRL prolactin, GH growth hormone, BMI body mass index
a

Continuous variables were tested with one-way ANOVA or Kruskal–Wallis test. Categorical variables were examined with the Chi square test

b–d

Missing subjects:

b

n = 1; c n = 6;

d

n=3

e

Time from surgery or primary radiotherapy for the pituitary adenoma or first confirming MRI when no surgery or radiotherapy was initiated
until start of GH replacement therapy

f

Missing subjects: n = 17

g

Based on available DXA data and other data from medical records

h–k

Missing subjects:

h

n = 198; i n = 353; j n = 283;

k

n=5
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Table 2 Characteristics of patients with and without a fracture during follow-up
p valuea

No fracture during follow-up

Fracture during follow-up

No. of patients

988

39

Age at baseline (mean, SD)

53.3 (12.1)

54.9 (11.7)

0.42

Age at pituitary tumor diagnosis, years (mean, SD)

45.2 (14.0)

43.9 (14.2)

0.55

Gender, female

441 (44.6)

24 (61.5)

0.04

Pituitary surgeryb

903 (91.5)

34 (87.2)

0.38

Cranial radiotherapyc

525 (53.4)

26 (68.4)

0.07

Adrenalectomyd

60 (35.5)

5 (62.5)

0.15

IGHD

65 (6.6)

4 (10.3)

0.33

ACTH insufficiency

750 (75.9)

31 (79.5)

0.61

TSH insufficiency
LH/FSH insufficiency

772 (78.1)
766 (77.5)

29 (74.4)
25 (64.1)

0.58
0.05

ADH insufficiency

139 (14.1)

8 (20.5)

0.26

PRL insufficiency

9 (0.9)

0 (0.0)

1.00

C3 other pituitary hormone deficits

0.96

Extent of pituitary insufficiency

587 (59.4)

23 (59.0)

Onset of GHD, childhood onset

9 (0.9)

0 (0.0)

1.00

Time between tumor treatment and start of GH
replacement therapy, years (median, range)e

4.4 (-1.6 to 48.6)

7.0 (0.7 to 38.4)

0.03

Osteopenia or osteoporosis (T \ -1)g

276 (28.4)

22 (56.4)

Fractures

135 (13.9)

10 (25.6)

0.04

Diabetes

82 (8.4)

4 (10.3)

0.57

28.6 (5.0)

28.7 (4.8)

0.93

Calcium

191 (19.4)

14 (35.9)

0.01

Bisphosphonates

137 (13.9)

10 (25.6)

0.04

Vitamin D

138 (14.0)

6 (15.4)

0.81

Other

14 (1.4)

2 (5.1)

0.12

Males

186 (42.2)

8 (33.3)

0.39

Females

382 (69.8)

11 (73.3)

1.00

Medical historyf

BMI, kg/m2 (mean, SD)h
Osteoporosis medication during follow-upi

\0.001

Gonadal replacement therapy during follow-up

IGHD isolated growth hormone deficiency, ACTH adrenocorticotropic hormone, TSH thyrotrophin, LH luteinizing hormone, FSH folliclestimulating hormone, ADH antidiuretic hormone, PRL prolactin, GHD growth hormone deficiency, GH growth hormone, BMI body mass index
a

Continuous variables were tested with one-way ANOVA or Kruskal–Wallis test. Categorical variables were examined with the Chi square test

b–d

Missing subjects:

b

n = 1; c n = 6;

d

n=3

e

Time from surgery or primary radiotherapy for the pituitary adenoma or first confirming MRI when no surgery or radiotherapy was initiated
until start of GH replacement therapy

f

Missing subjects: n = 17

g

Based on available DXA data and other data from medical records

h–i

Missing subjects:

h

n = 283; i n = 5

treatment and start of adult GH replacement therapy and
were more often treated with radiotherapy. Similar differences have also been observed in other studies [20, 30, 31].
The higher occurrence of osteopenia or osteoporosis in
the medical history of previous CD patients is in accordance with other reports of lower BMD in patients with
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(treated) CD [20, 23, 29, 30]. This is probably due to the
well-recognized long-term effects of hypercortisolism on
bone [20, 22, 29, 31, 36, 37]. It is assumed that glucocorticoids mainly affect bone metabolism directly by
decreasing osteoblast number and functioning, resulting in
suppression of bone formation [6, 22, 37, 38]. Although
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1.0

Fracture-free survival

0.9
0.8
0.7
0.6

NFPA
CD
Acromegaly

0.5
0.0

0

5

10

15

20

Years of follow-up
Patients at risk
NFPA

783

392

126

7

CD

180

103

46

6

Acromegaly

64

25

6

1

Fig. 1 Kaplan–Meier curve showing the fracture-free survival of
adult GHD patients with previous nonfunctioning pituitary adenoma,
Cushing’s disease and acromegaly, respectively, using GH replacement therapy. Legend GHD growth hormone deficiency, GH growth
hormone, NFPA nonfunctioning pituitary adenoma, CD Cushing’s
disease

strong improvements in BMD and bone architecture have
been reported after successful treatment of hypercortisolism, recovery may be incomplete or may take years [22,
36, 37]. Moreover, in treated CD patients with concomitant
GHD, there may be a combined detrimental effect of previous longstanding hypercortisolism and GHD on bone [20,
29].
In patients with active CD, the estimated fracture rate
ranges between 15 and 50 % [22, 37]. In two reports from
the KIMS database, the prevalence of fractures prior to
start of GH replacement therapy was higher in GHD
patients treated for CD than in patients with other etiologies of GHD [20, 30]. In contrast, in our database fractures
were not observed more frequently in patients with previous CD. In another study, comparing patients with Cushing’s syndrome with healthy controls, fracture risk was
Table 3 Results of Cox
proportional hazard analysis for
fracture risk in adult GHD
patients with previous
nonfunctioning pituitary
adenoma, Cushing’s disease and
acromegaly, respectively, using
GH replacement therapy

only increased in the last 2 years prior to diagnosis of
Cushing’s syndrome and reduced to normal after diagnosis
and treatment [23]. This is in line with our results, as most
of our CD patients had been diagnosed and treated for CD
years before start of adult GH replacement therapy. Also, it
has been postulated that GHD patients with the lowest
baseline BMD may have the greatest response to GH
replacement therapy [11–13, 29]. As osteopenia or osteoporosis were most frequently recorded in the history of our
CD patients, it may be that these patients had the greatest
benefit of GH replacement therapy with regard to bone.
Possibly, GH replacement therapy ameliorates the damaging effects of glucocorticoid excess on the skeleton [39].
In addition, the use of osteoporosis medication at baseline
and during follow-up was higher in the CD group, which
may also have decreased fracture risk.
Fractures occurred in 3.8 % of the patients during follow-up. Although adult GHD is associated with decreased
bone turnover and lower BMD, data on fracture risk are
scarce in literature, as most studies have used BMD, but
not fractures, as the endpoint [4, 6, 7, 12]. In adult GHD
patients without GH replacement therapy, the prevalence of
fractures appears to be increased compared to non-GHD
controls [8–10]. GH replacement therapy induces an initial
increase in bone resorption, followed by a sustained
increase in BMD after at least 1 year of GH replacement
therapy [5–7, 11–13]. A decreased fracture risk in a subgroup of men with AO-GHD using GH replacement therapy compared to population controls was reported in one
study [17]. Another study demonstrated a significantly
higher prevalence of radiological spinal deformities in
untreated GHD patients compared to treated patients,
suggesting a protective effect of GH replacement therapy
[16]. Recently, the Hypopituitary Control and Complication Study (HypoCCS) reported a significantly lower
annual fracture incidence in adult GHD patients with GH
replacement therapy than in those without GH replacement
therapy [14]. Of the patients with GH replacement therapy,
5.5 % had at least one fracture during follow-up, which is
similar to the low frequency observed in our study.

Fractures
NFPA

CD
HR (95 % CI)

Acromegaly
P value

HR (95 % CI)

p value

Unadjusted model
\6 years follow-up

Reference

1.28 (0.51–3.16)

0.61

1.60 (0.37–6.89)

0.53

C6 years follow-up

Reference

1.31 (0.25–6.76)

0.75

12.06 (2.88–50.61)

\0.001

GHD growth hormone deficiency, GH growth hormone, NFPA nonfunctioning pituitary adenoma, CD
Cushing’s disease, HR hazard ratio
Analyses were stratified for follow-up time (lowest P value interaction terms for time 0.05)
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Likewise, in a Swedish cohort of GHD patients treated with
GH replacement therapy up to 15 years, only two fractures
were reported [11]. Although this might suggest an overall
low fracture rate in adult GHD patients using GH
replacement therapy, higher rates have also been described
in other studies [8, 10, 16–18]. Comparison and interpretation of studies may be difficult due to differences in study
design (mainly cross-sectional), follow-up duration, differences in causes of GHD, severity of GHD, age, other
potential confounders and endpoints, e.g. (radiological)
vertebral or nonvertebral fractures.
Evaluation of vertebral fractures may be difficult and
prone to underestimation, especially in large observational studies such as the present study, which mainly
depend on clinical assessment of vertebral fractures. It
has been suggested that only one-quarter of radiologically identified vertebral fractures are clinically recognized by patients or physicians at the time of their
occurrence [40, 41]. In a recent prospective study of
community-dwelling older men, less than 15 % of incident radiographic vertebral fractures were also clinically
diagnosed [42]. Therefore, identification of incident
vertebral fractures on spinal radiographs, thereby using a
standardized approach to assess changes in vertebral
body shape and height, is considered a better method to
evaluate vertebral fractures [5, 40]. In several reports by
Mazziotti et al. [16, 18, 39, 43, 44] a quantitative morphometric approach was used to investigate radiological
vertebral fractures in GHD adults. In a recent prospective
study by Mazziotti et al., prevalent vertebral fractures
were observed in 13 of 40 (32.5 %) adult GHD patients,
while incident vertebral fractures occurred in 30 % of the
patients. Additionally, GH replacement therapy had a
beneficial effect on vertebral fracture risk [18]. Although
a standardized imaging approach is considered the best
way to assess vertebral fractures, this may unfortunately
not be feasible in large observational studies based on
daily clinical practice.
An interesting finding in the present study was the
increased fracture risk after 6 years of follow-up in patients
with previous acromegaly. As our study is one of the first to
evaluate fracture occurrence in a clinical setting in adult
patients with specific underlying etiologies of pituitary
GHD, more research is awaited to further elucidate this
finding. During active acromegaly, increased bone turnover
has been observed, but reported effects on BMD are
heterogeneous [4–6, 10, 24, 25]. It is postulated that cortical BMD increases, whereas trabecular BMD decreases or
remains unaffected [4, 6, 24, 25]. In one study, a decreased
fracture risk was observed in acromegalic patients [28].
However, a growing number of publications report an
increased vertebral fracture risk [5, 25, 26]. This risk
appears to be unrelated to BMD and may persist after long-
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term disease control, which is in accordance with findings
in the present study [5, 25, 26].
Data on bone health, particularly fractures, in patients
with GHD after treatment for acromegaly are limited [20,
32, 45]. In a report from the KIMS database, BMD and
fracture prevalence did not differ between GHD patients
with previous acromegaly and those with other etiologies
of GHD [20]. The increased fracture risk in the present
study may be a long-term effect of impaired skeletal health
due to previous GH excess, even though this was not
reflected by an increased occurrence of osteopenia or
osteoporosis in the medical history. Indeed, the predictive
value of BMD for fractures in acromegaly has been questioned [5, 6, 25, 26]. BMD may be overestimated by DXA
due to frequently occurring degenerative skeletal changes
in acromegaly [5, 25, 26]. Also, fracture risk may be more
influenced by bone quality than bone quantity [5, 6, 26,
46]. Possibly, bone quality is irreversibly altered in patients
with previous acromegaly [26, 47]. In addition, as a
U-shaped curve has been suggested between fracture risk
and GH concentration, patients who have experienced GH
excess as well as GH deficiency may have a combined
deleterious effect on their bone health [5]. Furthermore,
other factors that have been associated with skeletal
impairments and altered GH concentrations, such as
gonadal status, other pituitary insufficiencies, gender, age,
muscle strength and disease duration, probably also play a
role [5, 6, 16, 17, 26]. Duration between pituitary tumor
treatment and start of adult GH replacement therapy was
significantly longer in patients with previous acromegaly
than in those with previous NFPA and CD. However,
additional adjustment for this factor did not materially
change the results. Overall, although the number of events
was low, our data may suggest that GH replacement therapy does not fully restore bone health in GHD patients with
previous acromegaly. Potential underlying mechanisms
seem to be complex and require further investigations [4–6,
25, 26, 45].
An important strength of the present study is the large
population of severe GHD adult patients with specific
underlying diagnoses, i.e. NFPA, CD and acromegaly,
included. Other studies often included a mixture of patients
with various causes of GHD, excluded patients with previous CD or acromegaly, or did not specifically evaluate
skeletal health in these patients. In the present study, follow-up duration was considerate and several potentially
confounding variables were evaluated. Also, thorough
registration of events was ensured through (bi-) annual
monitoring by specially trained nurses. Nevertheless, there
are several limitations, inherent to the observational design
of the study. Results could not be compared with a control
group of untreated GHD patients. Ethical constraints,
combined with the low incidence of GHD and fractures,
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impede the performance of such a randomized controlled
trial. Also, the number of fractures was low, which could
have influenced results. Furthermore, radiological assessment of fractures was not systematically performed.
Therefore, the number of fractures, especially asymptomatic vertebral fractures, has probably been underestimated. In addition, DXA data were not available in all
patients and different types of scanners were used. Nevertheless, our data represent daily clinical practice and as
such provide valuable information.
In conclusion, the present study is one of few reports in
literature evaluating fracture occurrence in severe GHD
adult patients using GH replacement therapy with specific
etiologies of GHD, i.e. NFPA, CD and acromegaly. An
increased fracture risk was only observed in patients with
previous acromegaly after 6 years of GH replacement
therapy, but not in those with previous CD, compared to
patients with previous NFPA. Although potential underlying mechanisms remain to be clarified, our data suggest that
severe GHD patients previously treated for acromegaly may
have an increased risk of fractures, possibly due to combined detrimental effects of previous GH excess as well as
GH deficiency on bone. Further investigations are needed to
confirm and elucidate these possible associations.
Acknowledgments We are very grateful to all colleagues at the
Internal Medicine and Endocrine Departments of all participating
Dutch hospitals for their collaboration.
Funding Establishing the Dutch National Registry of Growth
Hormone Treatment in Adults was financed by the Health Care
Insurance Board.
Compliance with ethical standards
Conflict of interest AJvdL has received consultancy fees from
Pfizer and Novartis Pharma. NCvV, CCvB, AAMF, HPFK, MLD
have nothing to disclose.
Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://creati
vecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

References
1. Carroll PV, Christ ER, Bengtsson BA, Carlsson L, Christiansen
JS, Clemmons D, Hintz R, Ho K, Laron Z, Sizonenko P, Sonksen
PH, Tanaka T, Thorne M (1998) Growth hormone deficiency in
adulthood and the effects of growth hormone replacement: a
review. Growth Hormone Research Society Scientific Committee. J Clin Endocrinol Metab 83(2):382–395
2. de Boer H, Blok GJ, van der Veen EA (1995) Clinical aspects of
growth hormone deficiency in adults. Endocr Rev 16(1):63–86

3. Rosen T, Wiren L, Wilhelmsen L, Wiklund I, Bengtsson BA (1994)
Decreased psychological well-being in adult patients with growth
hormone deficiency. Clin Endocrinol (Oxf) 40(1):111–116
4. Ohlsson C, Bengtsson BA, Isaksson OG, Andreassen TT, Slootweg MC (1998) Growth hormone and bone. Endocr Rev
19(1):55–79
5. Mazziotti G, Chiavistelli S, Giustina A (2015) Pituitary diseases
and bone. Endocrinol Metab Clin North Am 44(1):171–180
6. Giustina A, Mazziotti G, Canalis E (2008) Growth hormone,
insulin-like growth factors, and the skeleton. Endocr Rev
29(5):535–559
7. Tritos NA, Biller BM (2009) Growth hormone and bone. Curr
Opin Endocrinol Diabetes Obes 16(6):415–422
8. Wuster C, Abs R, Bengtsson BA, Bennmarker H, Feldt-Rasmussen U, Hernberg-Stahl E, Monson JP, Westberg B, Wilton P
(2001) The influence of growth hormone deficiency, growth
hormone replacement therapy, and other aspects of hypopituitarism on fracture rate and bone mineral density. J Bone Miner
Res 16(2):398–405
9. Rosen T, Wilhelmsen L, Landin-Wilhelmsen K, Lappas G,
Bengtsson BA (1997) Increased fracture frequency in adult
patients with hypopituitarism and GH deficiency. Eur J Endocrinol 137(3):240–245
10. Vestergaard P, Jorgensen JO, Hagen C, Hoeck HC, Laurberg P,
Rejnmark L, Brixen K, Weeke J, Andersen M, Conceicao FL,
Nielsen TL, Mosekilde L (2002) Fracture risk is increased in
patients with GH deficiency or untreated prolactinomas—a casecontrol study. Clin Endocrinol (Oxf) 56(2):159–167
11. Elbornsson M, Gotherstrom G, Bosaeus I, Bengtsson BA,
Johannsson G, Svensson J (2012) Fifteen years of growth hormone (GH) replacement increases bone mineral density in
hypopituitary patients with adult onset GH deficiency. Eur J
Endocrinol 166(5):787–795
12. Barake M, Klibanski A, Tritos NA (2014) Effects of recombinant
human growth hormone therapy on bone mineral density in adults
with growth hormone deficiency: a meta-analysis. J Clin Endocrinol Metab 99(3):852–860
13. Appelman-Dijkstra NM, Claessen KM, Hamdy NA, Pereira AM,
Biermasz NR (2014) Effects of up to 15 years of recombinant
human GH (rhGH) replacement on bone metabolism in adults
with Growth Hormone Deficiency (GHD): The Leiden Cohort
Study. Clin Endocrinol (Oxf) 81(5):727–735
14. Mo D, Fleseriu M, Qi R, Jia N, Child CJ, Bouillon R, Hardin DS
(2015) Fracture risk in adult patients treated with growth hormone replacement therapy for growth hormone deficiency: a
prospective observational cohort study. Lancet Diabetes Endocrinol 3(5):331–338
15. Giustina A, Mazziotti G (2015) Growth hormone replacement
therapy and fracture risk. Lancet Diabetes Endocrinol
3(5):307–308
16. Mazziotti G, Bianchi A, Bonadonna S, Nuzzo M, Cimino V,
Fusco A, De ML, Giustina A (2006) Increased prevalence of
radiological spinal deformities in adult patients with GH deficiency: influence of GH replacement therapy. J Bone Miner Res
21(4):520–528
17. Holmer H, Svensson J, Rylander L, Johannsson G, Rosen T,
Bengtsson BA, Thoren M, Hoybye C, Degerblad M, Bramnert M,
Hagg E, Engstrom BE, Ekman B, Thorngren KG, Hagmar L,
Erfurth EM (2007) Fracture incidence in GH-deficient patients on
complete hormone replacement including GH. J Bone Miner Res
22(12):1842–1850
18. Mazziotti G, Doga M, Frara S, Maffezzoni F, Porcelli T, Cerri L,
Maroldi R, Giustina A (2015) Incidence of morphometric vertebral fractures in adult patients with growth hormone deficiency.
Endocrine

123

Pituitary
19. Molitch ME, Clemmons DR, Malozowski S, Merriam GR, Vance
ML (2011) Evaluation and treatment of adult growth hormone
deficiency: an Endocrine Society clinical practice guideline.
J Clin Endocrinol Metab 96(6):1587–1609
20. Feldt-Rasmussen U, Abs R, Bengtsson BA, Bennmarker H,
Bramnert M, Hernberg-Stahl E, Monson JP, Westberg B, Wilton
P, Wuster C (2002) Growth hormone deficiency and replacement
in hypopituitary patients previously treated for acromegaly or
Cushing’s disease. Eur J Endocrinol 146(1):67–74
21. Pivonello R, De LM, Cozzolino A, Colao A (2015) The treatment
of Cushing’s disease. Endocr Rev 36(4):385–486
22. Sharma ST, Nieman LK, Feelders RA (2015) Comorbidities in
Cushing’s disease. Pituitary 18(2):188–194
23. Vestergaard P, Lindholm J, Jorgensen JO, Hagen C, Hoeck HC,
Laurberg P, Rejnmark L, Brixen K, Kristensen LO, Feldt-Rasmussen U, Mosekilde L (2002) Increased risk of osteoporotic
fractures in patients with Cushing’s syndrome. Eur J Endocrinol
146(1):51–56
24. Colao A, Ferone D, Marzullo P, Lombardi G (2004) Systemic
complications of acromegaly: epidemiology, pathogenesis, and
management. Endocr Rev 25(1):102–152
25. Mazziotti G, Biagioli E, Maffezzoni F, Spinello M, Serra V,
Maroldi R, Floriani I, Giustina A (2015) Bone turnover, bone
mineral density, and fracture risk in acromegaly: a meta-analysis.
J Clin Endocrinol Metab 100(2):384–394
26. Claessen KM, Kroon HM, Pereira AM, Appelman-Dijkstra NM,
Verstegen MJ, Kloppenburg M, Hamdy NA, Biermasz NR (2013)
Progression of vertebral fractures despite long-term biochemical
control of acromegaly: a prospective follow-up study. J Clin
Endocrinol Metab 98(12):4808–4815
27. Melmed S (1990) Acromegaly. N Engl J Med 322(14):966–977
28. Vestergaard P, Mosekilde L (2004) Fracture risk is decreased in
acromegaly—a potential beneficial effect of growth hormone.
Osteoporos Int 15(2):155–159
29. Johannsson G, Sunnerhagen KS, Svensson J (2004) Baseline
characteristics and the effects of 2 years of growth hormone
replacement therapy in adults with growth hormone deficiency
previously treated for Cushing’s disease. Clin Endocrinol (Oxf)
60(5):550–559
30. Hoybye C, Ragnarsson O, Jonsson PJ, Koltowska-Haggstrom M,
Trainer P, Feldt-Rasmussen U, Biller BM (2010) Clinical features
of GH deficiency and effects of 3 years of GH replacement in
adults with controlled Cushing’s disease. Eur J Endocrinol
162(4):677–684
31. Colson A, Brooke AM, Walker D, Besser GM, Chew SL,
Grossman AB, Jenkins PJ, Drake WM, Monson JP (2006)
Growth hormone deficiency and replacement in patients with
treated Cushing’s disease, prolactinomas and non-functioning
pituitary adenomas: effects on body composition, glucose metabolism, lipid status and bone mineral density. Horm Res
66(6):257–267
32. Norrman LL, Johannsson G, Sunnerhagen KS, Svensson J (2008)
Baseline characteristics and the effects of two years of growth
hormone (GH) replacement therapy in adults with GH deficiency
previously treated for acromegaly. J Clin Endocrinol Metab
93(7):2531–2538
33. (1998) Consensus guidelines for the diagnosis and treatment of
adults with growth hormone deficiency: summary statement of

123

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

44.

45.

46.
47.

the Growth Hormone Research Society Workshop on Adult
Growth Hormone Deficiency. J Clin Endocrinol Metab
83(2):379–381
van Nieuwpoort IC, van Bunderen CC, Arwert LI, Franken AA,
Koppeschaar HP, van der Lelij AJ, Twisk JW, Boers M, Drent
ML (2011) Dutch National Registry of GH Treatment in Adults:
patient characteristics and diagnostic test procedures. Eur J
Endocrinol 164(4):491–497
Buencamino MC, Sikon AL, Jain A, Thacker HL (2009) An
observational study on the adherence to treatment guidelines of
osteopenia. J Womens Health (Larchmt) 18(6):873–881
Di Somma C, Pivonello R, Loche S, Faggiano A, Klain M,
Salvatore M, Lombardi G, Colao A (2003) Effect of 2 years of
cortisol normalization on the impaired bone mass and turnover in
adolescent and adult patients with Cushing’s disease: a
prospective study. Clin Endocrinol (Oxf) 58(3):302–308
Mancini T, Doga M, Mazziotti G, Giustina A (2004) Cushing’s
syndrome and bone. Pituitary 7(4):249–252
Mazziotti G, Angeli A, Bilezikian JP, Canalis E, Giustina A
(2006) Glucocorticoid-induced osteoporosis: an update. Trends
Endocrinol Metab 17(4):144–149
Mazziotti G, Porcelli T, Bianchi A, Cimino V, Patelli I, Mejia C,
Fusco A, Giampietro A, De ML, Giustina A (2010) Glucocorticoid replacement therapy and vertebral fractures in hypopituitary
adult males with GH deficiency. Eur J Endocrinol 163(1):15–20
Grigoryan M, Guermazi A, Roemer FW, Delmas PD, Genant HK
(2003) Recognizing and reporting osteoporotic vertebral fractures. Eur Spine J 12(Suppl 2):S104–S112
Fink HA, Milavetz DL, Palermo L, Nevitt MC, Cauley JA,
Genant HK, Black DM, Ensrud KE (2005) What proportion of
incident radiographic vertebral deformities is clinically diagnosed
and vice versa? J Bone Miner Res 20(7):1216–1222
Ensrud KE, Blackwell TL, Fink HA, Zhang J, Cauley JA, Cawthon PM, Black DM, Bauer DC, Curtis JR, Orwoll ES, BarrettConnor E, Kado DM, Marshall LM, Shikany JM, Schousboe JT
(2016) What proportion of incident radiographic vertebral fractures in older men is clinically diagnosed and vice versa: a
prospective study. J Bone Miner Res. doi:10.1002/jbmr.2831
Mazziotti G, Bianchi A, Cimino V, Bonadonna S, Martini P,
Fusco A, De ML, Giustina A (2008) Effect of gonadal status on
bone mineral density and radiological spinal deformities in adult
patients with growth hormone deficiency. Pituitary 11(1):55–61
Mazziotti G, Mormando M, Cristiano A, Bianchi A, Porcelli T,
Giampietro A, Maffezzoni F, Serra V, De ML, Giustina A (2014)
Association between l-thyroxine treatment, GH deficiency, and
radiological vertebral fractures in patients with adult-onset
hypopituitarism. Eur J Endocrinol 170(6):893–899
van der Klaauw AA, Bax JJ, Roelfsema F, Stokkel MPM, Bleeker
GB, Biermasz NR, Smit JWA, Romijn JA, Pereira AM (2009)
Limited effects of growth hormone replacement in patients with
GH deficiency during long-term cure of acromegaly. Pituitary
12(4):339–346
Cooper C (1993) The epidemiology of fragility fractures: is there
a role for bone quality? Calcif Tissue Int 53(Suppl 1):S23–S26
Ueland T, Ebbesen EN, Thomsen JS, Mosekilde L, Brixen K,
Flyvbjerg A, Bollerslev J (2002) Decreased trabecular bone
biomechanical competence, apparent density, IGF-II and IGFBP5 content in acromegaly. Eur J Clin Invest 32(2):122–128

