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Abstract
Background/Aims: It is unknown whether long-term growth 
hormone replacement therapy (GHRT) affects body compo-
sition in an age- or sex-dependent manner. We aimed to 
study the effects of 4 years of GHRT on body composition in 
a large cohort of patients with hypopituitarism compared to 
a reference population matched by age and sex. Methods: A 
total of 964 GH-deficient adults from KIMS (Pfizer Interna-
tional Metabolic Database) with adult-onset hypopituita-
rism, adequately replaced with all pituitary hormones except 
for GH at baseline were included. A random sample of the 
general population (2,301 subjects) from a similar time pe-
riod was used as reference. Patients and controls were 
grouped by sex in 5 age cohorts of 10 years. Main outcome 
measures were changes in BMI and waist circumference af-
ter 4 years of GHRT. Results: In younger patients (28–47 
years), 4 years of GHRT resulted in a BMI increase similar to 
that observed in the reference population, but older patients 

(48–67 years) had significantly less BMI increase than age-
matched healthy controls. Significant differences were seen 
in waist circumference in patients of all age cohorts who 
showed virtually no change after 4 years of GHRT compared 
to approximately 4 cm of increase in the reference popula-
tion. Conclusion: Four years of GHRT resulted in improve-
ments in BMI and waist circumference in patients with adult-
onset hypopituitarism compared to age-matched controls 
observed during the same follow-up time. Despite these 
beneficial effects on body composition, BMI and waist cir-
cumference remained higher in patients on GHRT compared 
to healthy controls. © 2019 The Author(s)

Published by S. Karger AG, Basel

Introduction

Advancing age is associated with increased body fat 
and cardiovascular risk factors [1, 2]. Prior research has 
shown that patients with hypopituitarism have more 
body fat than age-matched controls, especially at a young-
er age [3]. The beneficial effects of growth hormone (GH) 
replacement therapy (GHRT) on body composition in 

This article is licensed under the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License (CC BY-
NC-ND) (http://www.karger.com/Services/OpenAccessLicense). 
Usage and distribution for commercial purposes as well as any dis-
tribution of modified material requires written permission.
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these patients have been well documented [4–6]. How-
ever, analogous to GH dynamics in healthy adults, age 
itself may also be of influence [7]. Therefore, GHRT in 
advancing age may result in differential effects concern-
ing changes in body composition and the related cardio-
vascular risk factors. 

Few investigators have addressed this issue, and their 
reports invariably lack sufficient follow-up time and a 
proper reference population. Attanasio et al. [8] showed 
that in approximately 170 patients with adult-onset GH 
deficiency (GHD) 3 years of GH treatment resulted in a 
BMI increase of 0.5 kg/m2 while the waist-hip ratio re-
mained the same. Body fat decreased by 3% in this popula-
tion. Age effects were not described. In another study in 
380 patients of the KIMS population, after 1 year of GHRT 
a mean waist circumference decrease of 2.4 cm was ob-
served, but no age or sex differences were reported and ef-
fects on BMI were not described [9]. Verhelst et al. [10] 
compared 209 patients with nonfunctioning pituitary ad-
enomas on 2 years of GHRT and found beneficial effects 
on waist and related cardiovascular risk factors for both 
men and women, but not on weight and BMI. However, 
comparisons were made with craniopharyngioma patients 
and not with a reference population with normal pituitary 
function. Therefore, an estimation of effects on body com-
position compared to normal individuals could not be 
made. Furthermore, for estimations related to age a suffi-
ciently large population of patients and controls is needed. 

In 2006, the KIMS database (Pfizer International Meta-
bolic Database) provided information on 11,687 patients 
with adult-onset GHD. Long-term follow-up data are 
available on the effects of GHRT but interpretation of the 
effects of GH may be influenced by concomitant temporal 
and societal changes in weight development. In order to 
make a proper comparison with a healthy population, a 
similar follow-up time in a similar time period is necessary.

Here we report data of 964 patients with adult-onset 
GHD who received 4 years of GHRT and compare them 
to a random sample of the Dutch population consisting 
of 2,301 healthy matched controls from the PREVEND 
study population (Prevention of REnal and Vascular ENd 
stage Disease) to study the effects of age and sex on body 
composition.

Patients and Methods

Study Populations
The KIMS database (Pfizer International Metabolic Database) 

was used to study the effects of hypopituitarism on obesity. KIMS, 
initiated in 1994, is a pharmaco-epidemiological multicenter sur-

vey of adult hypopituitary (GH-deficient) patients treated with 
GHRT (Genotropin®) [11]. All patients had adult-onset GHD, de-
fined as a peak GH level of less than 3 µg/L mainly indicated by 
insulin-induced hypoglycemia (in 64% of cases), but in other cases 
by a weaker GH stimulation test like the arginine (in 16%), gluca-
gon (in 7%), GHRH (in 4%) or other tests (in 9%). Patients with 
acromegaly or Cushing’s disease were excluded. Craniopharyngi-
oma patients were excluded as well, since the susceptibility of these 
patients to develop central obesity and severely abnormal body 
composition due to hypothalamic damage is a potential confound-
er. The patient population consisted of patients with isolated GHD 
as well as multiple pituitary hormone deficiencies. All patients 
were receiving hormonal substitution therapy for pituitary defi-
ciencies as necessary, except for GH. Patients included in this study 
started GHRT at entry into KIMS and received it for an average 
time of 4.0 years (SD 0.3 years). To exclude potential effects of age 
and pituitary deficiencies on linear growth, and therefore poten-
tially confounding effects on body composition, only adult-onset 
patients were analyzed at least 10 years after completion of normal 
linear growth at baseline, i.e., from 28 years of age. Additionally, at 
baseline and at the 4 years’ KIMS visit, data on weight, height, waist 
circumference, and GH dose needed to be present. With these se-
lection criteria, a total of 964 patients with hypopituitarism were 
identified for inclusion in the analysis. The KIMS countries (num-
ber of participants) for the present study were Argentina (11), Aus-
tria (25), Belgium (86), Switzerland (10), Czech Republic (16), 
Germany (146), Denmark (14), Spain (80), United Kingdom (179), 
Greece (11), Hungary (12), Ireland (11), Luxembourg (1), the 
Netherlands (80), Sweden (264), and the United States (18). 

Patients from KIMS were compared to a random sample of the 
Dutch population. This random sample consisted of 2,301 par-
ticipants of the PREVEND study population (Prevention of REnal 
and Vascular ENd stage Disease). This ongoing prospective cohort 
study in the city of Groningen (the Netherlands) has since 1997 
tracked the natural course of urinary albumin excretion and its 
relation to renal and cardiovascular disease. The study design and 
representativeness of this PREVEND random sample for the over-
all population has been described elsewhere [12]. For our purpose, 
it consists of a comparable and predominantly Northern European 
(Caucasian) population. Details of the study protocol can also be 
found at http://www.prevend.org.

Patients with unsubstituted GHD followed prospectively for 4 
years were derived from KIMS and from the Dutch National Reg-
istry of Growth Hormone Treatment in Adults [13, 14]. 

Data are collected for KIMS at clinical visits on specially de-
signed case record forms. The data collection process is externally 
monitored and audited. Demographic and clinical data related to 
pituitary and cardiovascular disease were used for the present anal-
ysis. In the PREVEND study, all information regarding demo-
graphics, cardiovascular and renal history, and the use of medica-
tion for diabetes, hypertension and hyperlipidemia was obtained 
using a checklist as described [15]. For this study, we used the pop-
ulation-based pharmacy prescription database IADB.nl [16]. All 
studies were approved by the local Medical Ethics Committees and 
conducted in accordance with the guidelines of the Declaration of 
Helsinki. All participants gave written informed consent.

Stratification and Definitions
Patients and controls were stratified by sex and age in 5 groups 

of 10 years from 28 years onwards. The age at which a patient en-
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tered KIMS or at which a control in the PREVEND study com-
pleted the baseline visit was chosen for stratification. Thus, a com-
plete data set together with anthropometric measures and labora-
tory determinations for both studies was guaranteed. A pro visional 
diagnosis of diabetes was defined on a single fasting plasma glucose 
level of 7.0 mmol/L or higher according to the American Diabetes 
Association criteria [17] or the use of antidiabetic drugs. The Sev-
enth Report of the Joint Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure (JNC 7) was 
used to define hypertension, i.e., a systolic blood pressure of more 
than 140 mm Hg or a diastolic blood pressure more than 90 mm 
Hg or the use of antihypertensives [18].

Anthropometric Measures
Height was measured with an accuracy of 0.5 cm and weight 

(in kilograms) to one decimal place. BMI was calculated from the 
formula: weight/height squared (kilograms per square meter). 
Waist circumference was measured in the supine position midway 
between the iliac crest and the lowest level of the thorax and hip as 
the maximal circumference. Blood pressure measurements in 
KIMS were standard office registrations. In the PREVEND popu-
lation, blood pressure was measured with an automated device 
(Dinamap XL Model 9300; Johnson and Johnson Medical, Tampa, 
FL, USA).

Laboratory Measurements for the KIMS Population
Measurements of serum total cholesterol [19], high-density li-

poprotein (HDL) cholesterol [20], and triglycerides [21] were per-
formed by standard methods according to the KIMS protocol. Lip-
ids were measured centrally and serum low-density lipoprotein 
(LDL) cholesterol was calculated using the Friedewald formula 
[22]. Serum insulin-like growth factor I (IGF-I) was determined by 
radioimmunoassay after acid-ethanol precipitation of the binding 
proteins (Nichols Institute Diagnostics, San Juan Capistrano, CA, 
USA) until November 2002. Then a chemiluminescence immuno-
assay (Nichols Advantage® System) was introduced [23]. IGF-I 
results are expressed as standard deviation scores. All above-men-
tioned measurements were performed in a central laboratory. Glu-
cose concentrations were measured in local participating centers. 
Whole blood concentrations were transformed to plasma values 
using an internally validated correction factor [24]. All measure-
ments including glucose were determined in fasting samples. 

Laboratory Measurements for the PREVEND Population
HDL cholesterol was measured with a homogeneous method 

(direct, HDl, AerosetTM System, Abbott Laboratories, Abbott Park, 
USA). Triglycerides were measured enzymatically. Total cholesterol 
and plasma glucose were assessed using Kodak Ektachem dry chem-
istry (Eastman Kodak, Rochester, NY, USA) [15]. LDL cholesterol 
was calculated using the Friedewald formula [22]. Follow-up mea-

Table 1. Male patient characteristics by age cohort

Age cohort

28–37 years 38–47 years 48–57 years 58–67 years ≥68 years

Number 59 92 185 113 39
Diagnosis of GHD, %

Pituitary adenoma 47 85 79 83 92
Other causes of acquired pituitary disease 20 7 8 10 3
Idiopathic GHD 10 5 6 5 3
Isolated GHD 10 8 6 3 8
Multiple hormonal deficiencies 90 92 94 97 92

Duration of pituitary disease before GH start, years 5.83±4.75 7.32±7.56 6.61±7.16 6.25±6.32 8.29±8.52
Duration of GHD before GH start, years 2.35±3.41 1.63±2.68 1.74±2.49 2.11±3.49 2.13±2.64
Previous therapy, %

Surgical treatment 51 78 77 79 85
Radiotherapy 20 47 32 35 36

Pituitary hormone deficiencies, % 
TSH deficiency 56 76 75 75 69
ACTH deficiency 56 75 71 75 69
LH/FSH deficiency 81 89 87 96 92
ADH deficiency 27 27 21 16 18

GH treatment
IGF-I SDS baseline –1.63±1.24 –1.66±1.46 –1.27±1.68 –1.06±1.41 –1.85±1.61
IGF-I SDS at 4 years 0.53±1.43 0.66±1.35 0.98±1.04 0.92±1.11 0.69±1.30
Normal IGF-1 (SDS –2 to 2) at 4 years, % 88 86 85 81 82
Normal IGF-1 (SDS –1 to 1) at 4 years, % 42 37 50 45 59
GH dose at 4 years 0.43±0.23 0.39±0.23 0.33±0.19 0.34±0.24 0.27±0.10

Data are given as absolute numbers or percentages and mean ± standard deviation. GHD, growth hormone deficiency.
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surements of HDL cholesterol and triglycerides were not available 
at 4 years for the PREVEND population. All measurements includ-
ing plasma glucose were determined in fasting samples.

Statistics
All calculations were performed with SAS (version 9.4, SAS In-

stitute Inc., Cary, NC, USA) or SPSS 22.0 (SPSS, Chicago, IL, USA) 
software. Data are reported as mean ± SD. Males and females were 
analyzed separately to exclude a sex effect. For assessment of sig-
nificance of mean differences between the control population and 
the patients with adult-onset hypopituitarism, unpaired Student’s 
t tests were performed. If variances were tested unequally between 
populations, Satterthwaite’s correction was applied. Comparisons 
of proportions were performed using the χ2 test. A two-sided p 
value < 0.05 was considered to be significant.

Results

Baseline Characteristics
Baseline characteristics of the GH-deficient patients 

per age and sex group are shown in Tables 1 and 2. The 
most prevalent diagnosis was pituitary adenoma. The 

majority of patients received surgery as primary treat-
ment and had multiple hormonal deficiencies. Anterior 
pituitary deficiencies were significantly less common in 
the youngest age groups (28–37 years), except for LH/
FSH deficiency in females, which was less common in the 
oldest age group (> 68 years). ADH deficiency was less 
common in patients aged > 58 years. Male patients had 
more ACTH and LH/FSH deficiency than females. The 
differences between the age and sex groups in prevalence 
of pituitary deficiencies after 4 years of GHRT were simi-
lar to those at baseline (data not shown).

All patients with TSH and ACTH deficiency received 
adequate hormonal substitution at baseline and after 4 
years of GHRT. More than 95% of LH/FSH-deficient 
males were treated with testosterone both at baseline and 
after 4 years of GHRT. No significant differences were 
found in treatment with testosterone between the differ-
ent age groups of male patients (data not shown). 

The mean duration of GHD before the start of GHRT 
was not significantly different between sexes and between 
age groups. Patients were treated with GH with daily in-

Table 2. Female patient characteristics by age cohort

Age cohort

28–37 years 38–47 years 48–57 years 58–67 years ≥68 years

Number 87 134 142 92 21
Diagnosis of GHD, %

Pituitary adenoma 47 62 55 76 67
Other causes of acquired pituitary disease 31 22 26 10 10
Idiopathic GHD 3 5 8 7 19
Isolated GHD 22 10 8 5 5
Multiple hormonal deficiencies 78 90 92 95 95

Duration of pituitary disease before GH start, years 4.75±4.27 8.66±7.48 9.83±9.25 11.24±11.00 10.22±12.04
Duration of GHD before GH start, years 1.44±2.09 2.25±4.18 2.81±4.64 1.63±1.98 2.53±5.82
Previous therapy, %

Surgical treatment 51 61 60 66 57
Radiotherapy 17 37 34 32 29

Pituitary hormone deficiencies, % 
TSH deficiency 55 60 72 76 76
ACTH deficiency 53 54 65 66 76
LH/FSH deficiency 68 75 75 77 52
ADH deficiency 18 26 24 15 14

GH treatment
IGF-I SDS baseline –2.52±1.52 –2.10±1.66 –2.04±1.76 –1.82±1.31 –2.14±0.90
IGF-I SDS at 4 years 0.17±1.51 0.36±1.18 0.42±1.18 0.89±0.91 1.36±0.87
Normal IGF-1 (SDS –2 to 2) at 4 years, % 87 89 90 88 79
Normal IGF-1 (SDS –1 to 1) at 4 years, % 49 54 60 47 32
GH dose at 4 years 0.62±0.32 0.52±0.28 0.44±0.26 0.40±0.19 0.30±0.15

Data are given as absolute numbers or percentages and mean ± standard deviation. GHD, growth hormone deficiency.
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jections (s.c.), which resulted in a mean IGF-I SDS after 4 
years of GHRT of 0.5–1.0 in men and 0.2–1.3 in women. 
The mean GH dose after 4 years of GHRT was 0.3–0.4 
mg/day for men and 0.3–0.6 mg/day for women, with 
higher doses at younger age.

Treatment of Cardiovascular Risk Factors at Baseline
Hypertension and its treatment was more common in 

the oldest patients (> 68 years) and in the youngest female 
patients (28–37 years). Diabetes and its treatment was 
more common in patients aged 48–57 years and in the 
youngest group of female patients (28–37 years). Treat-
ment of dyslipidemia was more common in female pa-
tients aged 28–57 years.

Tables 3 and 4 show anthropometric measures and 
cardiovascular risk factors at baseline in different age co-

horts of patients and controls for males and females, re-
spectively. The same measures after 4 years of GHRT are 
shown in online supplementary Tables 1 and 2 (see www.
karger.com/doi/10.1159/000499430 for all online suppl. 
material). The effects of 4 years of GHRT on BMI, waist 
circumference, and cardiovascular risk factors in patients 
compared to age-matched healthy controls are detailed in 
online supplementary Table 3 and depicted in Figure 1 
for the main outcome measures. 

Effects of 4 Years of GHRT
BMI 
At baseline, patients had a significantly higher BMI 

than controls in all age groups except in females > 68 
years. In younger patients (< 48 years) and in the oldest 
age group (> 68 years) 4 years of GHRT resulted in a BMI 

Table 3. Baseline anthropometric measures and cardiovascular risk factors in male patients and controls

Age cohort

28–37 years 38–47 years 48–57 years 58–67 years ≥68 years

patients controls patients controls patients controls patients controls patients controls

Number 59 185 92 300 185 249 113 184 39 90

Body composition
BMI, kg/m2 28.2±5.2*** 24.7±3.4 28.8±4.7*** 25.3±3.1 28.9±4*** 26.2±3.2 28.8±4.2*** 26.6±3.4 28±3.1* 26.8±2.8
Waist, cm 99±12.1*** 86.7±9.8 101.2±13.1*** 90.7±9.1 101.4±10.6*** 93.7±9.3 102.9±12.2*** 96.7±9.6 101.3±10.3 98.4±9.4

Blood pressure and hypertension
Systolic BP,
mm Hg 123±12 125±12 126±16 127±12 132±18 131±15 139±18 136±19 144±17 144±21
Diastolic BP,
mm Hg 77±10*** 70±7 81±11*** 74±8 83±11*** 79±9 84±9*** 79±9 82±9 79±9
Hypertension
– JCN 7 cri-
teria, % 10.2 12.4 20.7 19 31.9 32.1 50.4 54.3 53.9* 72.2
Treatment of
hypertension,
% 5.1 1.1 4.4 6 8.7 8.5 23.9 23.5 23.1* 46.1

Glucose and diabetes
Fasting 
plasma glu-
cose, mmol/L 4.61±0.72 4.51±0.56 4.77±0.60 4.58±0.70 4.84±0.80 4.91±0.98 5.08±0.83 5.05±0.95 4.79±1.14 5.15±1.23
Diabetes 
mellitus-IDF
criteria, % 0 0 2.2 1 2.7 2 3.5 2.8 5.1 6.7
Treatment of
diabetes 
mellitus, % 0 0 2.2 0 2.2* 0 3.5 0.5 2.6 3.3

Lipids and treatment of dyslipidemia
Total choles-
terol, 
mmol/L 5.66±1.29** 5.15±1.06 5.96±1.37 5.77±1.28 5.98±1.14 5.88±1.14 5.79±1.11 5.83±1.06 5.53±1.21 5.58±0.91
HDL-choles-
terol, 
mmol/L 1.02±0.31** 1.19±0.35 1.06±0.26** 1.19±0.3 1.11±0.31 1.18±0.31 1.17±0.35 1.23±0.34 1.14±0.38 1.18±0.34
Triglycerides,
mmol/L 2.35±1.37*** 1.34±0.99 2.41±1.63*** 1.56±1.58 2.36±1.73*** 1.63±1.05 1.98±0.98*** 1.53±0.83 1.89±0.85** 1.46±0.67
LDL-
cholesterol, 
mmol/L 3.65±1.13 3.37±0.97 3.93±1.31 3.84±0.99 3.92±1.09 3.96±1.01 3.74±1.06 3.92±1 3.56±1.09 3.76±0.86
Treatment of
dyslipidemia,
% 1.7 1.6 5.4 2.4 8.1 4.8 15.9 12.5 12.8 18.9

Data are given as mean ± SD. * p < 0.05, ** p < 0.01, *** p < 0.001 (patients vs. controls of similar age cohorts). BP, blood pressure.
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increase not significantly different from the age-depen-
dent BMI increase observed in the reference population. 
However, patients aged 48–67 years had significantly less 
BMI increase than age-matched healthy controls. 

Waist Circumference
At baseline, patients had a significantly higher waist 

circumference in all age groups except in the oldest group 
(> 68 years). Highly significant differences were seen for 
changes in waist circumference for both males and fe-
males except in the oldest age groups. Patients in all age 
groups showed virtually no change after 4 years of GHRT, 
compared to an increase of approximately 4 cm in the 
reference population.

Systolic Blood Pressure 
At baseline, systolic blood pressure in males was simi-

lar for all patient and control groups. In contrast to males, 
female patients had a significantly higher systolic blood 
pressure than controls in all but the oldest age group (i.e., 
> 68 years). After 4 years of GHRT, a larger increase was 
observed in male patients aged 28–57 years and in female 
patients aged 28–37 years and > 68 years. 

Diastolic Blood Pressure
At baseline, diastolic blood pressure was significantly 

higher in patients compared to controls in all age groups, 
except for males in the age group > 68 years. It decreased 
significantly compared to controls only in female patients 
aged 48–57 years. 

Table 4. Baseline anthropometric measures and cardiovascular risk factors in female patients and controls

Age cohort

28–37 years 38–47 years 48–57 years 58–67 years ≥68 years

patients controls patients controls patients controls patients controls patients controls

Number 87 244 134 401 142 327 92 209 21 112

Body composition
BMI, kg/m2 28.5±6.6*** 24.2±4.1 28.7±5.1*** 24.8±4 29.2±6*** 26±4.2 29.6±5.5*** 27.3±4.2 28.4±5.7 27.7±4.2

Waist, cm 91.5±15.9*** 77.6±10.8 93.5±12.9*** 79.9±11 93.7±13.5*** 83.1±11.1 96.2±12.4*** 86.8±11.1 91.6±12.3 89.7±11.6

Blood pressure and hypertension
Systolic BP, 
mm Hg 121±16*** 114±11 124±17*** 115±14 131±20*** 121±17 139±19* 132±21 145±16 145±23
Diastolic BP, 
mm Hg

79±9*** 66±7 79±10*** 68±8 82±11*** 71±8 81±11*** 73±9 79±9* 74±9

Hypertension 
– JCN 7 crite-
ria, % 13.8* 5.3 13.4 10 32.4* 22.6 48.9 42.1 76.2 62.5
Treatment of 
hypertension, 
% 4.6* 0.8 7.5 4.5 15.5 12.2 29.3 23.1 47.6* 25.2

Glucose and diabetes
Fasting plasma
glucose, 
mmol/L 4.65±0.77*** 4.3±0.48 5.14±1.83*** 4.42±0.83 5.15±1.62** 4.63±0.71 5.15±1.17 4.92±1.05 5.04±0.64 4.95±1.4
Diabetes melli-
tus-IDF crite-
ria, % 3.5* 0 2.2 1 8.5*** 1.5 7.6 6.2 4.8 4.5
Treatment of 
diabetes melli-
tus, % 3.5* 0 1.5 0.5 4.9* 0.9 5.4 1.4 4.8 4.5

Lipids and treatment of dyslipidemia
Total choles-
terol, mmol/L 6.01±1.72*** 4.98±0.93 6.15±1.21*** 5.16±0.99 6.11±1.22 5.91±1.07 6.36±1.34 6.2±1 6.15±1.46 6.27±0.95
HDL-
cholesterol, 
mmol/L 1.4±0.38* 1.54±0.4 1.37±0.36*** 1.55±0.41 1.36±0.36*** 1.56±0.43 1.32±0.37** 1.47±0.38 1.14±0.42** 1.47±0.42
Triglycerides, 
mmol/L 2.79±4.29** 1.02±0.49 1.99±1.11*** 1.05±0.65 1.85±0.86*** 1.25±0.67 2.18±1.16*** 1.36±0.62 1.81±0.73 1.51±0.84
LDL-
cholesterol 
mmol/L 3.44±1.03*** 2.98±0.89 3.91±1.15*** 3.13±0.96 3.94±1.15 3.79±1.03 4.1±1.13 4.15±1.01 4.2±1.36 4.12±0.91
Treatment of 
dyslipidemia, 
% 4.6* 0.8 5.2** 0.5 8.4*** 1.5 10.9 8.2 9.5 12.7

Data are given as mean ± SD. * p < 0.05, ** p < 0.01, *** p < 0.001 (patients vs. controls of similar age cohorts). BP, blood pressure.
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Fasting Glucose and Diabetes Mellitus
At baseline, glucose concentrations were significantly 

higher in female patients aged 28–57 years. In total, 39 
patients (4.0%) and 64 controls (2.8%) developed diabetes 
mellitus during follow-up. No significant differences in 
effect of 4 years of GHRT were observed between patients 
and controls. 

Total Cholesterol
At baseline, total cholesterol was significantly higher 

in patients compared to controls in males aged 28–37 
years and in females aged 28–47 years. After 4 years of 
GHRT, a significantly larger decrease in total cholesterol 
in male patients aged 28–37 and 48–57 years and in fe-
male patients aged 28–67 years was observed. 

Overall Group Comparisons with Patients after 4 
Years of Unsubstituted GHD
A total of 78 patients with unsubstituted GHD who 

were prospectively followed were identified. Baseline 
characteristics are shown in online supplementary Table 
4. Patients with unsubstituted GHD were comparable to 
GHRT patients in terms of diagnosis related to GHD, pre-
vious therapy and pituitary hormone deficiencies. How-
ever, they were slightly older, had a longer duration of 
pituitary disease, and had lower IGF-1 SD scores after 4 
years of follow-up. 

Data for all age groups combined from the largest pop-
ulation (n = 60) showed that the increase in waist circum-
ference was intermediate between patients after 4 years of 
GHRT and controls (online suppl. Table 5), while BMI 
remained similar. The small group of control patients 
from the Dutch National Registry of Growth Hormone 
Treatment in Adults showed a BMI increase similar to 
that observed in healthy controls. After 4 years of follow-
up, there was more treatment of diabetes mellitus (6.7%) 
and dyslipidemia (25%) in unsubstituted GH-deficient 
patients from the KIMS database than in the GHRT pa-
tients and healthy controls, but treatment of hyperten-
sion (22%) was similar to the GHRT patients.

Discussion

Four years of GHRT resulted in improvements in BMI 
and waist circumference in patients with adult-onset hy-
popituitarism compared to age-matched controls ob-
served during the same follow-up time. Despite these 
beneficial effects on body composition, BMI and waist 
circumference remained higher in patients on GHRT 
compared to healthy controls and cardiovascular risk fac-
tors did not clearly improve.

This is the largest study on the effects of GHRT that 
includes a reference population matched by age and sex. 
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panels) and women (right panels) belong-
ing to 5 age cohorts. Data represent the 
mean for patients with adult-onset GH de-
ficiency (circles) and for controls (squares) 
at baseline (black symbols and continuous 
line) and after 4 years of follow-up (white 
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in yellow in controls after 4 years of follow-
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are depicted in patients after 4 years of 
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Our study contained two populations from well-known 
studies, the KIMS study and the PREVEND study. Both 
studies are characterized by meticulous data acquisition, 
which is achieved for KIMS by monitoring and auditing 
systems. PREVEND participants completed a question-
naire at baseline regarding demographics, cardiovascular 
and renal history and the use of medication for diabetes, 
hypertension or hyperlipidemia [15, 25]. In addition, it 
used the population-based pharmacy prescription data-
base IADB.nl [16]. Combination of these sources resulted 
in a high-quality registration of prescribed medication. 
Both studies are also from the same period thereby taking 
into account normal social and temporal trends in weight 
development.

We found no differences between men and women af-
ter 4 years of GHRT. This is in agreement with findings 
of others [8–10]. However, in two studies, a greater re-
sponsiveness of IGF-I to GHRT in men compared to 
women with GHD was found to be accompanied by more 
pronounced changes in body composition, specifically a 
greater loss of fat mass and greater increments in fat-free 
mass [26, 27]. Furthermore, in two uncontrolled studies, 
a weight regain above baseline was found after 2–5 years 
of GHRT [28, 29]. In accordance with these latter find-
ings, we found a BMI increase after 4 years in most of the 
age cohorts. The weight gain without an increase in waist 
circumference suggests increase in fat-free mass or aug-
mentation of the subcutaneous compartment. Interest-
ingly, this effect was age dependent. The lack of BMI in-
crease in the elderly from age 48 and older may well reflect 
an impairment in increase in fat-free mass, i.e., muscle 
mass. This in fact coincides with the observation that BMI 
is not increasing in males after 48 years of age in a healthy 
population [3]. 

Despite the beneficial effects of GHRT on body com-
position, cardiovascular risk factors did not clearly im-
prove. Higher blood pressure and glucose levels as well as 
more treatment for dyslipidemia, hypertension and dia-
betes were found in the patient groups. Most likely, a 
treatment bias is present contributing to these differenc-
es. It is well known that risk for diabetes or cardiovascular 
disease is increased in patients with pituitary disease [30–
32], and accordingly, screening and treatment is initiated. 
Total cholesterol levels showed either a trend towards a 
decrease or a significantly larger decrease in patients 
compared to controls in all age groups after 4 years of 
GHRT. Of note were the large differences in triglycerides 
at baseline, which were higher in patients compared to 
controls in all age groups. Previous KIMS studies have 
demonstrated that triglyceride levels remain unaffected 

during GHRT, whereas LDL cholesterol is the compo-
nent that decreases most and that contributes most to the 
decrease in total cholesterol [10, 33, 34].

Our study is prone to several shortcomings. First, al-
though appropriate for a large epidemiologic study, the 
use of BMI and waist circumference alone is not adequate 
to characterize body composition. Unfortunately, data on 
fat mass, fat-free mass, and bone mass are not available in 
KIMS and PREVEND. Secondly, to demonstrate the an-
thropometric age effects of GHRT, a study design with a 
large group of patients paired for age and sex with GHD 
but without treatment would be preferable. To the best of 
our knowledge, this is the first description of long-term 
follow-up in two populations with unsubstituted GHD, 
albeit that both populations are relatively small. The re-
sults suggest that patients with unsubstituted GHD show 
an increase in adiposity (measured as waist circumfer-
ence), but overall weight remained constant. The data 
also suggest that there is no undertreatment for cardio-
vascular risk factors in these populations. Although these 
data represent a unique sample and are of special interest, 
interpretation should be done carefully because of poten-
tial confounding factors. We therefore limited the pre-
sentation of these data to descriptive statistics.

The Dutch population served as a control population. 
In general, the Dutch population is one of the leanest in 
Europe, theoretically making them less suitable for com-
parison. However, a recent prevalence study showed the 
Dutch population matches well with other northern Eu-
ropean countries in terms of obesity and cardiometabolic 
health [35]. Nevertheless, the authors are aware that the 
PREVEND study population is likely not a good choice 
as a control to US, Latin American and Southern Euro-
pean populations, which are generally more obese. There-
fore, a sensitivity analysis was performed for the main 
outcome measures of BMI and waist circumference, in 
which 120 patients with hypopituitarism not well repre-
sented in the control group were excluded. It can be con-
cluded from this analysis, that this study’s major findings 
are robust to the exclusion of these patients (data not 
shown). Furthermore, a bias in the selection of patients 
for GHRT may be present, for instance in the exclusion 
of patients with (pre)diabetes. Additionally, patients with 
a lack of beneficial effects may have stopped early during 
treatment. Therefore, only successfully treated patients 
may be present in our study population. 

Another source of systematic errors may be present in 
the blood pressure measurements. The PREVEND study 
used an automated device (Dinamap XL model 9300), 
whereas in KIMS, standard office blood pressure mea-
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surements were recorded. Automated devices are known 
to result in slightly different blood pressure registrations 
[36, 37]. Since methods in both studies have remained 
unchanged, it is unlikely for this difference in method of 
blood pressure measurements to affect differences in 
blood pressure over time. Also, waist circumference mea-
surements as used in this study are prone to systematic 
errors due to interobserver bias. Laboratory measure-
ments were also different between the two study popula-
tions, although in both studies, lipids, and in the KIMS 
population, IGF-I, were measured centrally, which en-
sured a high level of reliability within the studies. Al-
though the standard practice of clinical chemists in a 
modern laboratory requires that results be reported only 
after validation with internal and external standards, 
small differences between both methods are possible.

In conclusion, 4 years of GHRT resulted in beneficial 
effects on body composition for all patients, but without 
clear associated improvements in cardiovascular risk fac-

tors. The effects on waist circumference were age inde-
pendent and were observed in both younger and older 
patients. The effects on BMI were age dependent and be-
came only apparent after comparison with a control pop-
ulation matched by age. 
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