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Abstract
Objective: The aim of the present study was to clarify the relationship between GH deficiency (GHD) and
some cardiovascular risk factors and to analyse the effect of GH replacement therapy in a large number
of patients over a prolonged period of time.
Design: Data for analysis were retrieved from KIMS (Pfizer International Metabolic Database). Serum
concentrations of total cholesterol, high-density lipoprotein (HDL)-cholesterol, low-density lipoprotein
(LDL)-cholesterol and triglycerides were obtained from 2589 patients at baseline and from 1206
patients after 1 and 2 years of GH replacement therapy. Body mass index (BMI), waist and hip, resting
blood pressure and body composition were also measured.
Results: At baseline, the unfavourable effects of GHD were most obvious in the lipid profile
demonstrating elevated mean total and LDL-cholesterol, in the increased waist circumference and the
elevated BMI. The cholesterol concentration, BMI and body composition were significantly adversely
affected by a number of factors, including age, sex and the use of anti-epileptic drugs. The therapeutic
effect of GH was essentially uniform across the whole population. GH replacement reduced significantly
the mean total and LDL-cholesterol, the waist circumference and the fat mass and was maintained
during 2 years.
Conclusions: This analysis of a large number of patients confirmed that GHD adults present with an
increased cardiovascular risk. The sustained improvement of the adverse lipid profile and body
composition suggests that GH replacement therapy may reduce the risk of cardiovascular disease and
the premature mortality seen in hypopituitary patients with untreated GHD.
European Journal of Endocrinology 155 79–90

Introduction
Five large retrospective studies have shown that the risk
of premature death is elevated in patients with
hypopituitarism, receiving conventional hormone
replacement therapy but not growth hormone (GH)
(1–5). In three of these studies, the increased risk was
due to mainly an increased prevalence of cardiovascular
disease (1, 3, 5). The excess mortality and increase in
cardiovascular and cerebrovascular disease has been
confirmed in a large prospective study (6). It is likely
that the increased morbidity and mortality in hypopituitary patients is caused, at least in part, by untreated
growth hormone deficiency (GHD) (7), although
unphysiological replacement of other pituitary hormones (8, 9), underlying diagnosis and non-treatment
of gonadotrophin deficiency (6) may also be implicated.
The hypothesis that GHD increases the risk of
cardiovascular disease is supported by findings that
adult patients with GHD present a series of risk
factors, such as adverse lipid profiles (10–12), increased
q 2006 Society of the European Journal of Endocrinology

blood pressure, abnormal body composition (13, 14),
increased body weight (15, 16), increased coagulability
(17), and increased markers of inflammation (18).
These multiple abnormalities promote the development
of an accelerated atherosclerotic disease, as shown by
decreased aortic compliance (19) and increased intimamedia thickness (20).
There is increasing evidence that GH replacement
provides protection against the development of myocardial infarction and could thus impact on the
increased mortality rate (5). The well-known favourable
changes induced by GH on the different cardiovascular
risk factors may explain this recent finding. The effect on
body composition has been demonstrated by different
techniques (21–24). GH also has a major impact on
lipid metabolism (23–27). Markers of inflammation
are positively influenced by GH replacement (28). As a
result of GH replacement, the abnormal aortic compliance and intima-media thickness normalise (29, 30).
The above-mentioned studies were usually conducted
on small groups of patients and over a period of short
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time. Furthermore, not all studies have revealed the same
abnormalities before and the same changes after GH
treatment (28). Recently, a meta-analysis based on these
studies was published, confirming a beneficial effect, yet
in total not in very large numbers of patients (31). The
aim of the present analysis was to further elucidate our
understanding of the association between GHD and
dyslipidaemia as well as other cardiovascular risk
factors, and to determine the effect of long-term GH
replacement therapy in a large number of patients.
Secondarily, we set out to determine whether the
cardiovascular risk factors in these patients were
influenced by variables such as age, sex and the age of
onset of GHD. The patient data in this analysis were
retrieved from KIMS (Pfizer International Metabolic
Database), the largest database for monitoring the
efficacy and safety of long-term GH replacement in
GHD adults.

Patients and methods
Patients
Patients from KIMS were included in the analysis if they
satisfied the following conditions: they had severe GHD
indicated by a GH peak response !3 mg/l after
provocative testing by insulin, arginine or glucagon;
they had received no GH therapy at any time before
entering KIMS (naive patients, 80%) or had received no
GH therapy for at least 6 months prior to entry (seminaive patients, 20%).
In total, 2589 patients (mean age, 44.2G14.6 years)
were included in the analysis. Females numbered 1263
(48.8%; mean age 43.6G14.2 years), of which 769
were pre-menopausal or oestrogen-supplemented
(29.7%; mean age, 39.5G12.5 years) and 494 postmenopausal or not-oestrogen-supplemented (19.1%;
mean age, 50.1G14.4 years) and males numbered
1326 (51.2%; mean age, 44.8G15.0 years). Adultonset patients accounted for 77.5% and childhood onset
for 22.5%.

IGF-I measurements
Until November 2002, 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). Then a chemiluminescence immunoassay
(Nichols Advantagew System) was introduced (32).
Long-term reproducibility, measured during a time
period of O1 year, showed a CV !9% in the
concentration range of 130–850 mg/l. The assay
detection limit was 30 mg/l. All measurements were
performed in a central laboratory.
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Lipid measurements
Serum concentrations of total cholesterol (33), highdensity lipoprotein (HDL)-cholesterol (34) and triglycerides (35) were measured directly and expressed as mmol/l.
All measurements of lipid variables were performed
in the same central laboratory. Serum concentrations of
low-density lipoprotein (LDL)-cholesterol were estimated
using Friedewald’s formula (36). Due to low accuracy, the
formula was not applied when the level of triglycerides
exceeded 4.5 mmol/l. The conversion factors are:
1 mmol/lZ38.5 mg/dl for cholesterol and 1 mmol/lZ
90.9 mg/dl for triglycerides. The ratio of total cholesterol
over HDL-cholesterol was calculated.

Profile of lipids
Mean baseline concentrations of all four lipid fractions
were calculated for all 2589 patients collectively.
Mean baseline lipid concentrations were also calculated for patients categorised according to age: !20
(nZ122), 20–29 (nZ382), 30–39 (nZ479), 40–49
(nZ590), 50–59 (nZ595), O60 years (nZ421)
and according to gender: males (nZ1326), premenopausal females (nZ769), or post-menopausal
females (nZ494).
The percentage of patients with baseline lipid
concentrations exceeding the desired target values was
calculated for: total cholesterol O5.20 mmol/l
(200 mg/dl); HDL-cholesterol !1.04 mmol/l (40 mg/dl)
in males and !1.30 mmol/l (50 mg/dl) in females;
LDL-cholesterol O3.38 mmol/l (130 mg/dl); and for
triglycerides O1.65 mmol/l (150 mg/dl) (37).
Mean baseline concentrations of total cholesterol
were calculated for patients categorised according to:
the time of onset (childhood- vs adulthood-onset of
the disease), the estimated duration of GHD, the
severity of hypopituitarism expressed as the number of
pituitary hormone deficiencies present in addition to
GHD, the severity of GHD expressed as the standard
deviation score (SDS) for the serum IGF-I concentration, the aetiology of GHD (non-functioning
pituitary adenoma, craniopharyngioma, idiopathic,
prolactinoma, Cushing’s disease, acromegaly, and
other aetiologies), previous radiotherapy or not,
body mass index (BMI), waist/hip ratio (WHR),
waist circumference, smoking/non-smoking, use of
anti-epileptic drugs and lipid-lowering drugs and
diabetes mellitus.
To evaluate the effect of GH replacement, mean lipid
concentrations were calculated for the 1st year and 2nd
year time-points in 1206 patients and compared with
their baseline concentrations. The percentage of
patients with lipid concentrations exceeding the desired
target values during GH replacement at these two time
points was compared to the data prior to therapy.
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Profile of other cardiovascular risk factors
2

Resting blood pressure (mmHg), BMI (kg/m ), WHR
and waist circumference (cm) were measured both for
the group of patients contributing with baseline data
only (nZ2589) and for the subgroup of patients
contributing with data at both baseline and after 1
and 2 years of GH treatment (nZ1206). The percentage
of patients with a blood pressure above the target value
of 130/85 mmHg and with a waist circumference above
102 cm in men and above 88 cm in women was also
calculated (37). Body composition was measured at
baseline in two different groups of patients by dualenergy X-ray absorptiometry (DXA) or by bio-impedance analysis (BIA) with assessment of estimated
values for lean and fat. In a subgroup of patients, both
measurements were repeated after 1 and 2 years of GH
replacement. Both DXA and BIA measurements were
performed by a variety of different methods from each
individual’s participating centre without any attempts
to obtain uniform calibration. The baseline data were
categorised according to the same factors as mentioned
for total cholesterol, although numbers in each
individual group were not identical to those for
cholesterol, due to missing values. The numbers are
mentioned in Results section and also in Tables 1–4.

Statistics
To study the influence on blood lipid levels by baseline
characteristics, multiple regression analyses were performed. Outcome lipid variables such as cholesterol were
treated as continuous variables. Data, which were not
normally distributed were subjected to logarithmic
transformation. Potentially influencing factors, such as
age, sex, waist, diagnosis of GHD etc., were categorised
(see above) or treated as a continuous variable if suitable.
Heterogeneity tests were performed with F-tests. Trend
tests were performed with Wald tests. Linear trend tests
confer to linear compartment of trend. All tests were
adjusted for age at baseline and/or gender.
Longitudinal analyses were performed with repeated
measurements regression. The within-patient dependency of the data was modelled by assuming unstructured variance-covariance matrixes. Comparisons of
mean values at the 1st and 2nd year visits, versus
baseline values, were performed assuming identity link
and a normal distribution. Tests were performed with
F-tests or Wald tests. For analyses of the proportion of
patients outside a target, a logit link and a binomial
distribution were used.
In the analyses of the change in cholesterol over time
by baseline cholesterol category, adjustment for effects
of regression to the mean was done according to the
methods described by Johnson and George (38).
Analyses were performed using SAS software version
8.02. Multiple regressions were run with PROC GLM.
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PROC MIXED and PROC GENMOD were used for
repeated measurement regression.

Results
Baseline lipid profile by age and gender
Total cholesterol. The observed overall mean total
cholesterol concentrationGS.D. was 5.9G1.3 mmol/l
(Table 1). The mean increased across age categories
more or less linearly, from 5.0 mmol/l in the !20 age
category up to 6.1 mmol/l in the 40 – 49 age category,
thereafter no further increase was observed (P for linear
age-trend !0.0001; Fig. 1). Females showed a
0.2 mmol/l higher mean value than males (95%
confidence interval (CI): 0.1–0.3; P!0.0001). There
was no statistically significant difference between premenopausal and post-menopausal women.
Approximately 71% of patients (95% CI: 69%–73%),
66% males and 75% females had cholesterol levels
above the desired target value of 5.2 mmol/l. The
increase in percentage above target by age was from
around 40% when !20 years up to around 75% when
40 years and older (P for linear trend !0.0001).
HDL-cholesterol. The overall meanGS.D. was 1.2G
0.4 mmol/l (Table 1) and remained relatively constant
over age (P for heterogeneity Z0.14; P for trend Z
0.92). Females showed a 0.2 mmol/l higher mean value
than males (95% CI: 0.2–0.3; P!0.0001). Postmenopausal women had a slightly lower mean
compared to pre-menopausal women (0.1 mmol/l,
P!0.05).
Approximately 49% of patients (95% CI: 47–51%) were
below the desired target value; 46% males, 49% premenopausal females and 57% post-menopausal females.
Total cholesterol/HDL-cholesterol ratio. Due to the
skewed distribution for this variable, the geometric
mean was calculated, which was 4.8 (10th–90th
percentile: 3.1–7.4). Similar to the mean of total
cholesterol, this geometric mean increased by age in a
linear fashion: from 4.1 in the !20 age category up to
5.0 in the 40–49 age category, after which it levelled
off to 4.8 in patients of 60C years (P for linear age-trend
!0.0001). Females showed a significantly lower
geometric mean compared to males: K14.1% (95%
CI: –16.3% – K12.0%; P!0.0001). For the 40–49 age
category, this percentage of K14.1% translates to an
absolute difference of 0.77.
Approximately 59% of the patients (95% CI: 57%–
61%) were above the desired target value of 4.5.
For males, the corresponding figure was 69%,
pre-menopausal females 44%, and post-menopausal
females 55% (P for heterogeneity !0.05). The increase
www.eje-online.org
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Table 1 Baseline description of 2589 adult GHD patients.
Adjusted# statistics

Crude statistics

Total cholesterol (mmol/l)
All
Males
Females
Pre-menopausal females
Post-menopausal females
HDL-cholesterol (mmol/l)
All
Males
Females
Pre-menopausal females
Post-menopausal females
LDL-cholesterol (mmol/l)
All
Males
Females
Pre-menopausal females
Post-menopausal females
Triglycerides* (mmol/l)
All
Male
Females
Pre-menopausal females
Post-menopausal females
BMI (kg/m2)
Waist/hip ratio
Waist (cm)
Fat tissue*, BIA (kg)
Lean Tissue*, BIA (kg)
Fat tissue*, DXA (kg)
Lean tissue*, DXA (kg)
Blood pressure, diastolic
Blood pressure, systolic

S.D.

10th–90th pctl

Mean

95% CI

5.9
5.8
6.0
5.9
6.1

1.3
1.3
1.3
1.3
1.3

4.4–7.5
4.3–7.5
4.5–7.6
4.4–7.6
4.6–7.7

6.1
6.0
6.2
6.1
6.2

6.0–6.2
5.8–6.1
6.1–6.3
6.0–6.3
6.1–6.4

2587
1325
1262
769
493

1.2
1.1
1.4
1.4
1.3

0.4
0.3
0.4
0.4
0.4

0.8–1.7
0.8–1.6
0.9–1.9
0.9–1.9
0.9–1.8

1.2
1.1
1.4
1.4
1.3

1.2–1.3
1.1–1.1
1.3–1.4
1.3–1.4
1.3–1.4

2435
1226
1209
740
469

3.7
3.7
3.7
3.7
3.8

1.1
1.1
1.1
1.1
1.1

2.4–5.3
2.4–5.2
2.4–5.3
2.4–5.1
2.5–5.4

3.9
3.8
3.9
3.9
3.9

3.8–3.9
3.7–3.9
3.8–4.0
3.7–4.0
3.8–4.1

2589
1326
1263
769
494
2527
2353
2358
1054
1054
451
451
2519
2519

1.8
1.9
1.8
1.7
1.9
28.2
0.92
95.3
23.8
51.8
25.6
45.5
79
127

e0.582
e0.604
e0.554
e0.565
e0.519
5.7
0.10
14.6
e0.445
e0.293
e0.419
e0.270
11
19

0.9–3.8
0.8–4.1
0.9–3.5
0.8–3.3
1.0–3.7
21.7–35.7
0.80–1.03
77–115
14.1–42.0
37.4–71.5
15.0–42.8
32.3–64.8
65–90
105–150

1.9
2.0
1.9
1.8
2.0
28.2
0.92
95.2
23.9
51.5
25.7
45.5
79
127

1.9–2.0
1.9–2.1
1.8–2.0
1.7–1.9
1.9–2.1
28.0–28.5
0.91–0.92
94.7–95.8
23.3–24.5
50.8–52.2
24.8–26.7
44.5–46.2
79–79
126–128

No. of non-miss.

Mean

2589
1326
1263
769
494

# Adjusted to 40–49 year age group. *For triglycerides, fat and lean tissue geometric means are presented. The S.D. is given as ‘e’ to the power of the S.D. at
logarithmic scale, i.e. for triglycerides, all patients, using the percentiles of the normal distribution, approximately 95% of the observations should be in the
range 1.81/e1.96*0.582 to 1.81*e1.96*0.582 Z 0.58–5.66 mmol/l.

10
9

Cholesterol (mmol /l)

8
7
6
5
4
3
2
1
0

n= 122
–20

n=382
20–29

n=479

n= 590

n=595

n= 421

30–39

40–49

50–59

60+

Age at baseline (year)

Figure 1 Total cholesterol baseline concentrations in 2589 GHD patients by age groups.
Median, 10-25-75-90 percentile. The solid line
represents the mean trend. The dashed line
represents the target value of 5.2 mmol/l.
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in percentage above target by age category was
quite steady but levelled off successively: !20 year,
37%; 20–29 year, 49%; 30–39 year, 58%; 40–49 year,
62%; 50–59 year, 66% and 60C year, 63% (P for linear
trend !0.0001).
LDL-cholesterol. The overall meanGS.D. was 3.7G
1.1 mmol/l, following the same pattern as for total
cholesterol (Table 1).
Triglycerides. The geometric mean for the overall
cohort was 1.8 mmol/l (10th–90th percentile: 0.9–3.8;
Table 1). The linear increase by age was significant
(P!0.0001) but levelled off in a similar fashion to the
other lipid variables.
Approximately 57% of males, 49% of pre-menopausal
females and 60% of post-menopausal females had
higher values than the target.

Multiple regression models for baseline lipids
with adjustment for age and gender
Total cholesterol. Of the variables examined besides
age and gender, the onset of GHD, duration of GHD,
severity of hypopituitarism, severity of GHD, aetiology,
radiotherapy, BMI, WHR and waist circumference did
not statistically significantly influence the baseline
cholesterol concentration. The following variables
were found to have an effect:
† smoking: the mean concentration was 0.2 mmol/l
higher in smokers (nZ468) compared to nonsmokers (95% CI: 0.0–0.3; PZ0.008).
† epilepsy: the mean concentration was 0.4 mmol/l
higher in patients receiving anti-epileptic drugs
(nZ128) compared to patients without epilepsy
(95% CI: 0.2–0.6; P!0.0001).
† diabetes mellitus: the mean concentration was
0.3 mmol/l lower in patients with diabetes mellitus
(nZ118) compared to non-diabetic patients (95%
CI: K0.5–0.0; PZ0.027).
† hyperlipidaemia: the mean concentration was
0.2 mmol/l higher in patients taking lipid-lowering
drugs (nZ182) compared to patients without lipidlowering drugs (95% CI: K0.5–K0.0; PZ0.05).
There was no significant association between baseline
total cholesterol level and IGF-I SDS (P for linear trend
Z0.19; P for heterogeneity Z0.68). LDL-cholesterol
showed similar trends as that of total cholesterol.
HDL-cholesterol. Three variables showed a statistically
significant, decreasing linear trend for HDL-cholesterol
concentrations. As the HDL-cholesterol concentrations
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were independent of age, the presented mean values are
applicable for all ages.
† BMI: mean HDL-cholesterol concentrations decreased
with increasing BMI category: !20 kg/m2,
1.6 mmol/l; 20–24 kg/m2, 1.4 mmol/l; 25–29 kg/m2,
1.2 mmol/l; 30–34 kg/m2, 1.1 mmol/l; and
O35 kg/m2; 1.1 mmol/l (P for trend !0.0001).
† WHR: mean HDL-cholesterol concentrations decreased
with increasing WHR category: !0.85, 1.3 mmol/l;
0.85–0.91, 1.3 mmol/l; 0.91–0.97, 1.2 mmol/l;
O0.97, 1.1 mmol/l (P for trend !0.0001).
† waist circumference: mean HDL-cholesterol
concentrations decreased with increasing waist
category in males: !92 cm, 1.3 mmol/l;
92–102 cm, 1.1 mmol/l; O102 cm, 1.0 mmol/l; and
in females: !80 cm, 1.5 mmol/l; 80–88 cm,
1.4 mmol/l; O88 cm, 1.3 mmol/l. Both trends were
highly significant (P!0.0001).
Other variables associated with a significantly lower
mean HDL-cholesterol concentration (K0.1 mmol/l)
were smoking, lipid-lowering drugs and diabetes
mellitus (P!0.01).
Triglycerides
† BMI, WHR and waist circumference showed statistically significant influences on mean levels. There
was a consistent linear trend with 3% increase in
triglycerides concentration per BMI category (95%
CI: 2.6%–3.4%; P!0.0001). Triglycerides increased
by 1.3% per cm waist in males and females combined
(95% CI: 1.0–1.6; P!0.0001) and for WHR the
trend estimate was approximately 1.1% per 0.01 of
ratio (95% CI: 0.9%–1.3%; P!0.0001).
Patients with craniopharyngioma showed 50% higher
geometric mean triglycerides compared to patients with
idiopathic GHD (95% CI: 37%–65%; P!0.0001). The
other aetiological groups showed between 16 and 23%
higher values than idiopathic GHD (!0.0001!P!
0.03). Patients with childhood onset of the disease had
8% lower values, smokers 10% higher values, patients
taking lipid-lowering drugs 23% higher values; patients
taking anti-epileptic drugs 13% higher values, and
diabetic patients 24% higher values (P!0.02 in all
cases).

BMI, WHR, blood pressure and body
composition at baseline
Baseline data regarding BMI, WHR, waist circumference, blood pressure and body composition are given in
Table 1.
www.eje-online.org
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Obesity was prominent, as 806 of 2527 patients
(32%) had a BMI O30 kg/m2, while 98 patients (4%)
had a BMI !20 kg/m2. BMI increased with age, WHR
and waist circumference (data not shown). It was
higher in post-menopausal females than in males,
in adult-onset GHD than in childhood-onset GHD, in
patients with craniopharyngioma than in patients
with other aetiology, in patients who had cranial
irradiation, in patients with multiple pituitary
deficiencies, in smokers, in patients with diabetes
mellitus, and in patients taking anti-epileptic or lipidlowering drugs. Fat mass measured by BIA or DXA
demonstrated largely similar associations (data not
shown).
Waist circumference was above the target value in
46% of patients, 40% of males, 56% of females, 51% of
pre-menopausal females, and 64% of post-menopausal
females. Fifteen percent of patients had a medical
history of hypertension. Blood pressure was above the
target value in 26% of patients, 28% of men, 23% of
females, 20% of pre-menopausal females, and 28% of
post-menopausal females. Blood pressure correlated
with age, severity of GHD, WHR, waist, and smoking,
while systolic blood pressure correlated additionally
with lipid-lowering drugs and presence of diabetes
mellitus (data not shown). BMI, waist circumference

and blood pressure showed a significantly positive
correlation to IGF-I SDS.

Change in lipid profile during GH replacement
Total cholesterol. Statistically significant reductions in
total cholesterol were observed after both 1 year and 2
years of GH replacement therapy: K0.4 mmol/l (95% CI:
K0.4–K0.3; P!0.0001) and K0.5 mmol/l (95% CI:
K0.5–K0.4; P!0.0001), respectively (Table 2). The
additive effect during the second year of treatment was
small, K0.1 mmol/l, but still significant compared to the
first year (95% CI K0.15–K0.04; PZ0.001). Moreover,
assuming a constant proportional change, the higher the
baseline value, the larger the absolute decrease in
cholesterol, even after adjustment for regression to
the mean: D(mmol/l)/(mmol/l at baseline) Z K0.06
(PZ0.01). This relationship would predict that a patient
with a hypothetical baseline value of 7.5 mmol/l would
demonstrate a change in cholesterol of 7.5!(K
0.06)ZK0.45 mmol/l after 1 year of treatment. After
2 years of treatment, these observations were strengthened in all subgroups (P!0.0001). The proportional
effect per mmol/l at baseline was increased to K0.11
(PZ0.0006).

Table 2 Lipid concentrations at baseline (BL) and after GH replacement therapy for the subset of 1206 patients with 2 years of follow-up.
Mean* values (mmol/l) at
BL

1 yr

2 yr

S.E.M

Total cholesterol (mmol/l)
All
Males
Pre-menopausal females
Post-menopausal females

5.9
5.8
6.0
6.2

5.5
5.4
5.7
5.8

5.5
5.3
5.7
5.6

HDL-cholesterol (mmol/l)
All
Males
Pre-menopausal females
Post-menopausal females

1.3
1.2
1.4
1.4

1.3
1.2
1.4
1.3

Total/HDL-cholesterol*
All
Males
Pre-menopausal females
Post-menopausal females

4.8
5.1
4.4
4.6

LDL-cholesterol (mmol/l)
All
Males
Pre-menopausal females
Post-menopausal females
Triglycerides* (mmol/l)
All
Males
Pre-menopausal females
Post-menopausal females

95% CI for change (mmol/l)

P-values (H0 : No change)

BL–1yr

BL–2yr

1yr–2yr

BL–1yr

BL–2yr

1yr–2yr

0.035
0.048
0.060
0.10

K0.4–K0.3
K0.5–K0.4
K0.4–K0.2
K0.5–K0.2

K0.5–K0.4
K0.6–K0.4
K0.4–K0.2
K0.8–K0.5

K0.2–K0.0
K0.2–K0.0
K0.1–0.1
K0.4–K0.1

!.0001
!.0001
!.0001
!.0001

!.0001
!.0001
!.0001
!.0001

0.001
0.023
0.72
0.0009

1.2
1.1
1.4
1.3

0.011
0.014
0.020
0.027

K0.0–K0.0
K0.0–0.0
K0.1–0.0
K0.11–K0.0

K0.1–K0.0
K0.1–K0.0
K0.1–0.0
K0.1–K0.0

K0.0–K0.0
K0.1–K0.0
K0.0–0.0
K0.0–0.0

0.002
0.41
0.08
0.001

!.0001
0.001
0.06
0.0006

0.03
0.003
0.65
0.90

4.5
4.8
4.2
4.5

4.5
4.8
4.2
4.4

0.045
0.068
0.07
0.10

K0.3–K0.2
K0.4–K0.3
K0.3–K0.1
K0.2–0.1

K0.3–K0.2
K0.4–K0.2
K0.3–K0.0
K0.4–K0.1

K0.1–0.1
!.0001
K0.0–0.1
!.0001
K0.1–0.1
0.001
K0.3– K0.0 0.43

!.0001
!.0001
0.009
0.007

0.90
0.21
0.53
0.018

3.8
3.7
3.7
4.0

3.4
3.4
3.5
3.6

3.4
3.3
3.4
3.4

0.031
0.045
0.052
0.080

K0.4–K0.3
K0.4–K0.3
K0.4–K0.2
K0.5–K0.2

K0.5–K0.4
K0.5–K0.4
K0.4–K0.2
K0.7–K0.4

K0.1–K0.0
K0.2–K0.0
K0.1–0.1
K0.4–K0.1

!.0001
!.0001
!.0001
!.0001

!.0001
!.0001
!.0001
!.0001

0.0005
0.01
0.70
0.001

1.7
1.7
1.6
1.8

1.7
1.7
1.7
1.8

1.7
1.7
1.7
1.8

0.028
0.043
0.045
0.043

K0.1–0.0
K0.1–0.0
K0.0–0.1
K0.1–0.1

K0.1–0.1
K0.1–0.0
K0.0–0.2
K0.1–0.1

K0.0–0.1
K0.1–0.1
K0.1–0.1
K0.1–0.1

0.54
0.06
0.14
0.96

0.95
0.18
0.055
0.86

0.58
0.64
0.61
0.83

*S.E.M.ZStandard error of mean. Valid for use to compute confidence intervals at all visits (BL, 1 yr and 2 yr, respectively). For Total/HDL-cholesterol and
triglycerides, geometric means are presented and S.E.M. corresponds to 1⁄4 of 95% confidence interval length. Due to a large number, these confidence intervals
are symmetrical.
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Table 3 Percentage of patients outside target range for the subset of 1206 patients with 2 years of follow-up.
Patients outside target range

Lipid
Total cholesterol (mmol/l)
All
Males
Pre-menopausal females
Post-menopausal females
HDL-cholesterol (mmol/l)
All
Males
Pre-menopausal females
Post-menopausal females
Total/HDL-cholesterol ratio
All
Males
Pre-menopausal females
Post-menopausal females
LDL-cholesterol (mmol/l)
All
Males
Pre-menopausal females
Post-menopausal females
Triglycerides (mmol/l)
All
Males
Pre-menopausal females
Post-menopausal females
Blood pressure (mmHg)
All
Males
Pre-menopausal females
Post-menopausal females
Waist circumference (cm)
All
Males
Pre-menopausal females
Post-menopausal females

ProportionGS.E.M.(in %)

P-values (H0 : No ‘true’ change)

Target range
(mmol/l)

BL

1yr

2yr

BL–1yr

BL–2yr

1yr–2yr

!5.2
«
«
«

73G1
68G2
77G2
82G3

62G2
57G2
63G3
72G3

60G2
54G2
65G3
66G4

!.0001
!.0001
!.0001
0.002

!.0001
!.0001
!.0001
!.0001

0.28
0.28
0.52
0.10

O1.0/O1.3
O1.0
O1.3
O1.3

46G1
42G2
48G3
52G4

50G2
44G2
52G3
61G4

51G2
48G2
51G3
60G4

0.043
0.24
0.12
0.009

0.0009
0.007
0.37
0.03

0.47
0.08
0.55
0.73

!4.5
«
«
«

57G1
66G2
45G3
54G4

51G2
60G2
39G3
52G4

50G2
60G2
40G3
40G4

!.0001
0.0003
0.02
0.63

!.0001
0.0002
0.05
0.0004

0.29
0.80
0.68
0.002

!3.4
«
«
«

62G1
60G2
63G3
68G3

50G2
48G2
49G3
56G4

47G2
44G2
49G3
49G4

!.0001
!.0001
!.0001
0.0004

!.0001
!.0001
!.0001
!.0001

0.06
0.07
0.78
0.08

!1.7
«
«
«

50G1
51G2
46G3
55G4

48G2
46G2
49G3
53G4

50G2
49G2
51G3
53G4

0.19
0.02
0.35
0.64

0.87
0.42
0.09
0.48

0.16
0.17
0.44
0.80

!130/85
«
«
«

26G1
29G2
20G2
28G3

22G1
25G2
18G2
24G3

23G1
23G2
21G2
26G3

0.004
0.02
0.23
0.28

0.01
0.002
0.92
0.51

0.78
0.35
0.22
0.64

!102/!88
!102
!88
«

45G2
35G2
52G3
63G4

42G2
32G2
46G3
61G4

43G2
33G2
47G3
64G4

0.0002
0.02
0.001
0.58

0.02
0.14
0.01
0.78

0.27
0.54
0.58
0.37

The change in total cholesterol concentration during
GH replacement therapy was essentially unaffected by
any of the other variables examined. GH replacement
also induced a decrease in total cholesterol in patients
taking lipid-lowering drugs. In all categories, total
cholesterol concentration was significantly reduced
after both 1 and 2 years.
A highly significant decrease in the percentage of
patients with values exceeding target value was observed
after both 1 and 2 years of treatment (Table 3).
Descriptive model for change in total cholesterol by
age and gender. A descriptive model for mean total
cholesterol by age, gender and visit (baseline, 1 year,
2 years) was also fitted. This model indicates that
improvement in total cholesterol concentrations was
largest during the first year of treatment and was
greater, the older the patients were at the start of the
treatment. During the second year of treatment, the
improvement was smaller and indeed absent in
younger ages. Females had in average, 0.3 mmol/l

higher mean cholesterol values than males (95% CI:
0.2–0.4). Otherwise, males and females showed the
same pattern of change (Fig. 2).
The model fit was as follows: mean cholesterol Z
5.93C0.32G K 0.53VC0.14V2 K 0.0012(A-45) K
0.0014(A-45)2C0.0015I(A-50)2 K 0.003V(A-45),
where GZgender (0Zmale, 1Zfemale); VZvisit
(0,1,2), AZage (centred to 45 years), I(A-50) an index
variable which is 0 if A !50, and A-50 when A R50. The
corresponding standard error estimate for each parameter was (0.045) K (0.059) K (0.047) K (0.023) K
(0.0069) K (0.00033) K (0.00065) K (0.0010),
respectively. The interaction test between gender and
visit (GV) was not significant (PZ0.22) and the term was
not included in the model. The model was fitted assuming
the same age pattern for both genders.
Other lipid parameters. Mean HDL-cholesterol changed from 1.3 mmol/l to 1.2 mmol/l after 2 years of
treatment (Table 2). Although this change was
minimal, it was statistically significant. The percentage
www.eje-online.org
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of patients with a value above target increased
significantly (Table 3).
The geometric mean of total cholesterol over HDLcholesterol ratio decreased significantly over the 2-year
treatment period from 4.8 to 4.5 (P!0.0001). The
decrease was significant in both males and females
(Table 2). The percentage of patients with a ratio
exceeding the target value also decreased significantly
during the treatment period (Table 3).
The major change in total mean cholesterol is
accounted for by the change in mean LDL-cholesterol,
which was K0.3 mmol/l after 1 year and K0.4 mmol/l
after 2 years (Table 2). A highly significant decrease in
the percentage of patients with values exceeding the
target was observed after both 1 and 2 years of
treatment (Table 3).
No statistically significant changes in geometric
mean triglycerides were observed after 1 and 2 years
of GH therapy, respectively (Table 2 and Table 3).

Males

Cholesterol (mmol /l)
6.5
6.0
5.5
5.0
4.5
4.0
0
10

20

30

40

Baseline

B

50

60

70

80

2 year visit

1 year visit

Females

Cholesterol (mmol /l)
6.5
6.0

Changes in BMI, blood pressure, WHR and
body composition during GH replacement

5.5
5.0
4.5
4.0
0
10

20
Baseline

30

40

50

60

70

80

2 year visit

1 year visit

Figure 2 Mean total cholesterol concentration by age and gender
at baseline, and after 1 year and 2 years of GH replacement
for the subset of 1206 GHD patients with 2 year longitudinal
follow-up.

GH replacement therapy did not induce significant
changes in BMI or blood pressure after 1 and 2 years of
GH treatment (Table 4).
There was a significant reduction in WHR, waist
circumference, and fat tissue both by DXA and BIA with
a corresponding increase in lean body mass (also both
by DXA and BIA) (Table 4). The changes were related
with a significant trend to aetiology of pituitary
diagnosis, year of GHD and BMI, but not to any of the
other tested co-variables (data not shown).
There was a significant decrease in the percentage of
patients with blood pressure and waist circumference
exceeding the target value during the treatment period
(Table 3).

Table 4 Mean values at baseline (BL) and after GH replacement therapy for the subset of 1206 patients with 2 years of follow-up.
Mean* values at
BL
2

BMI (kg/m )
27.9
Waist/hip ratio
0.91
Waist (cm)
94.6
Fat mass* (kg) (BIA) (nZ493)
23.0
Lean mass* (kg) (BIA) (nZ493)
51.2
Fat mass* (kg) (DXA) (nZ261)
26.0
Lean mass* (kg) (DXA) (nZ261) 45.7
Blood pressure, diastolic (mmHg) 79
Blood pressure, systolic (mmHg) 127

1 yr

2 yr

28.0 28.2
0.90 0.90
93.0 93.6
21.8 22.4
52.5 52.5
23.9 23.8
47.4 47.9
79
79
126
127

95% CI for mean change

P-values

S.E.M.*

BL–1 yr

BL–2 yr

1–2 yr

BL–1 yr

BL–2 yr

1 yr–2 yr

0.017
0.002
0.42
0.44
0.56
0.59
0.68
0.32
0.52

K0.0–K0.2
K0.02–K0.01
K1.9–K1.3
K1.8–K0.7
0.7–1.9
K2.8–K1.5
1.3–2.2
K1–0
K1–0

0.2–0.4
K0.01–K0.01
K1.4–K0. 7
K1.3–K0.0
0.9–1.9
K2.9–K1.5
1.6–2.8
K1–0
K1–1

0.2–0.4
K0.0–0.0
0.2–0.9
0.1–1.1
K0.5–0.6
K0.5–0.4
0.1–0.8
K1–1
K0–1

0.25
!.0001
!.0001
!.0001
!.0001
!.0001
!.0001
0.09
0.25

!.0001
!.0001
!.0001
0.05
!.0001
!.0001
!.0001
0.11
0.86

!.0001
0.79
0.0005
0.01
0.77
0.74
0.018
0.92
0.31

*
S.E.M.ZStandard error of mean. Valid for use to compute confidence intervals at all visits (BL, 1 yr and 2 yr, respectively). For fat and lean tissue mass,
respectively, geometric means are presented and S.E.M. corresponds to 1⁄4 of 95% confidence interval length. Due to a large number, these confidence intervals
are symmetrical.
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Discussion
The results of this analysis confirm previous observations showing that adults with GHD have an adverse
cardiovascular risk profile. The main discriminative
findings at baseline were dyslipidaemia, elevated BMI,
incidence of hypertension, unfavourable WHR and body
composition. These adverse parameters can to some
extent explain the increased cardiovascular mortality of
GHD adults. The analysis of the effect of GH replacement
corroborates with previous studies, showing an
improvement in lipid profile and body composition.
The distinguishing features of this analysis are that it
involved a large number of patients, that lipid
concentrations were measured in a single central
laboratory, and that the effects of GH replacement
therapy were studied over a relatively long period of
time.
The lipid data are in agreement with previous
observations showing that GHD adults have an adverse
lipid profile; (12, 25, 26, 31, 39, 40). The dyslipidaemia
seen at baseline in this analysis was characterised by
increased concentrations of total cholesterol and LDLcholesterol and normal concentrations of HDL-cholesterol and triglycerides. An identical pattern has been
observed before in adults with GHD (26), while other
researchers have reported decreased concentration of
HDL-cholesterol and increased concentration of triglycerides (25, 39).
Our investigation on the effects of a range of
potentially influential variables on the baseline lipid
profile suggests that hypercholesterolaemia is most
marked in elderly patients, women, smokers and
patients taking anti-epileptic medication. The effects
observed for age and smoking are not surprising, as
these variables are known to increase the risk of
hypercholesterolaemia in the general population. The
increased baseline concentration of total cholesterol in
patients with epilepsy is probably linked to their antiepileptic medication (41). Our finding that cholesterol
concentrations tend to be higher in GHD women than in
GHD men is consistent with previous data showing that
the risk of premature death from cardiovascular disease
is elevated to a greater degree in women with
conventionally treated hypopituitarism than in men
with this condition (1, 3). However, the details of our
findings for men and women contrast with results
reported before, showing that the main lipid abnormality in women was a decreased concentration of HDLcholesterol (12, 42). In the present study, the main
abnormality in women was an increase in total
cholesterol. Our observation that patients with adultonset GHD had a concentration of total cholesterol
comparable to those with childhood-onset GHD is
consistent with the data described before, showing
that patients with these conditions differ in many
respects but not in cholesterol metabolism (43).
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The present analysis has confirmed the adverse profile
of both blood pressure and body composition in GHD
patients at baseline. Thus 26% of GHD patients,
including 15% on anti-hypertensive drugs, had a
blood pressure above the target value of 135/85 in
keeping with a previous demonstration of GHD patients
having a changed circadian blood pressure pattern with
more than 30% non-dippers (44).
BMI was adversely affected by adult onset of the
disease, anti-epileptic drugs, previous radiotherapy,
other hormone deficiencies and it was further increasing with age, blood pressure and cholesterol. Interestingly, BMI correlated positively to IGF-I SDS, and
therefore did not seem related to severity of the GHD
per se, but rather to the nutritional state. The same
pattern was seen for the blood pressure and waist
circumference. Such correlations have not been demonstrated previously, possibly because it requires very large
patient groups as in the KIMS population. Indirect
evidence, however, comes from investigations of the
acute effect of the growth hormone receptor antagonist
pegvisomant on cardiovascular risk factors in healthy
persons (45). They suggested that the secondary
metabolic changes, e.g. abdominal fat or inflammatory
factors that develop as a result of longstanding GHD, are
of primary importance in the pathogenesis of atherosclerosis in patients with GHD.
In this analysis, GH replacement therapy reduced the
concentrations of total and LDL-cholesterol, but had no
significant effect on the concentrations of HDL-cholesterol or triglycerides. This finding is consistent with
results reported previously (25, 31, 40, 46–49), but not
all are possibly related to a selection of patients with
near-normal baseline values (28). The beneficial effects
of GH therapy were essentially homogeneous among the
different subgroups studied. In other words, they were
largely unaffected by variables such as age, sex or the
age of onset of GHD. This contrasts with a number of
previous findings suggesting that GH replacement has
different effects in different subgroups, such as age of
onset (43) or gender (50). The homogeneity of
therapeutic effects of GH has been shown before for
elderly patients (51) and the additive effect of GH, apart
from lipid-lowering drugs has also been demonstrated
(52). There was a clear trend of the effects of GH
treatment to be greater after 2 years than after 1 year
and be most marked in patients with the most
pronounced hypercholesterolaemia at baseline.
Vahl et al. have previously shown that the cholesterollowering effect of GH is not determined by the
concomitant decrease in adiposity, supporting a direct
effect of GH on lipoprotein metabolism (40). In support
of this, Hana et al. found an increase in lean and a
decrease in fat mass in 17 patients with GHD treated
over 1 year, without a concomitant change in
adipokines and insulin resistance (53). Opposite to
this, a randomised, double-blind, placebo-controlled
multicentre study of 166 patients with GHD treated
www.eje-online.org
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over 1 year also found a decrease in fat and increase in
lean body mass, but in this case with a concomitant
reduction in total and LDL-cholesterol (54). Also
recently, Abrahamsen et al. demonstrated that the
effects of GH replacement on both lipids and body
composition were dependent on dose as well as on the
obtained IGF-I level (55). Although we did not find any
significant reduction in BMI or blood pressure, GH
replacement resulted in a beneficial mean reduction of
2.2 kg of fat and mean increase of 2.2 kg of lean body
mass as well as a small reduction in waist
circumference.
The discrepancy between results from BMI and other
measures of body composition indicates that BMI is a
poor predictor in following the effect of GH therapy
compared to waist circumference, BIA and DXA, since a
shift from fat to lean body mass will not be reflected in
BMI if the total body weight is sustained (56). A
favourable effect of GH replacement on diastolic blood
pressure has been demonstrated by Sverrisdottir et al. in
a small series of ten GHD patients treated for 1 year (57).
A more careful evaluation of blood pressure was done in
22 patients with measurement of 24-hour ambulatory
blood pressure (58). Interestingly, they found a
preserved circadian rhythm after 12 months of GH
replacement.
The present findings are consistent with previous
results showing that GH replacement can improve
dyslipidaemia and other cardiovascular risk factors, and
that the effect on both body composition and lipids is
sustained over years (49, 54, 59, 60). Quantitatively, a
recently published meta-analysis of blinded, randomised, placebo-controlled trials on cardiovascular risk
factors in GHD adults found that GH treatment
significantly reduced LDL-cholesterol by K0.5 mmol/l
(vs K0.4 mmol/l after 2 years in the present study),
total cholesterol by K0.3 mmol/l (vs K0.4 mmol/l), fat
mass by K3.1 kg (vs K2.2 kg), and diastolic blood
pressure by K1.8 mmHg (vs K0.6 mmHg), and
significantly increased lean body mass by 2.7 kg (vs
2.2 kg after 2 years in present study) (31). The metaanalysis and the data from the KIMS database are thus
very similar despite differences in methodology.
Taken together, the results suggest that GH replacement therapy may be important in adults with GHD not
only to improve the general health and well-being but
also to reduce the risk of premature mortality. This has
also been indicated very recently by a demonstration of
a 1.3 relative risk reduction according to the Framingham equation by 12 months of GH replacement in GHD
adults (non-smokers, without diabetes mellitus, hypertension or vascular disease) (61). However, the recorded
individual changes in the cardiovascular risk factors
in all the studies are small. So, the global benefit of
GH replacement on cardiovascular mortality remains
to be determined in larger trials with appropriate
end points.
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