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Abstract
Objective: To determine whether apo E phenotype influences changes in lipid profiles induced by growth
hormone replacement in growth hormone (GH)-deficient adults.
Designs: Patients were treated for 6 months with recombinant human GH (hGH), given in a dose of
0.125 U/kg per week for 4 weeks followed by 0.25 U/kg per week thereafter. The effects on serum lipids
and the influence of apo E phenotype were examined.
Methods: Thirty patients (aged 35.1 6 11.8 years; mean 6 S.D.) with adult growth hormone deficiency
with included in the study. Fasting serum samples were analysed for apo E phenotype total cholesterol,
high-density lipoprotein (HDL)-cholesterol, triglycerides, lipoprotein (a) (Lp(a)) and IGF-I. Low-density
lipoprotein (LDL)-cholesterol was calculated using the Friedwald formula.
Results: Six months of replacement treatment with hGH resulted in a reduction in HDL-cholesterol
from 0.90 6 0.10 to 0.68 6 0.08 mmol/l (P < 0.01), and a small, non-significant reduction in total
cholesterol from 6.14 6 0.40 to 5.99 6 0.35 mmol/l (P = 0.06). There was no significant change in
the other lipid parameters. The decrease in HDL-cholesterol concentration was greater in patients
carrying the apo E2 allele (0.40 6 0.07 mmol/l, P < 0.05) than in patients homozygous for the apo E3
allele (0.23 6 0.04 mmol/l) and patients carrying the apo E4 allele (0.15 6 0.36 mmol/l). Patients
with the apo E4 allele had lower baseline cholesterol concentrations than patients lacking the apo E4
allele, and this persisted after treatment with hGH (P < 0.05).
Conclusions: Apo E phenotype may be a determining factor in the response of HDL-cholesterol to hGH in
GH-deficient adults.
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Introduction
Patients with panhypopituitarism have adverse lipid
profiles and these are believed to contribute to
cardiovascular morbidity (1–3). Treatment of growth
hormone (GH)-deficient adults with recombinant
human GH (hGH) has been reported to decrease total
cholesterol by 4–15% (1, 3–7). Changes in serum low-
density lipoprotein (LDL)-cholesterol, triglycerides and
high-density lipoprotein (HDL)-cholesterol concentra-
tions have also been noted. Some studies show an
increase in HDL-cholesterol after hGH (3, 6), although
others have shown either no change (1, 7, 8) or a
reduction in HDL-cholesterol and related apolipopro-
teins (9–11). Our previous report of reductions in HDL-
cholesterol after GH replacement is at variance with
other studies (12, 13), and it is important to understand
why our population may be different.

It is unclear why the hyperlipidaemia in some
patients responds more favourably to hGH replacement
than does that in others. Apolipoprotein E is important
in the clearance of remnant intermediate-density
lipoprotein (IDL) particles, very-low-density lipoproteins

(VLDL) and LDL (14). There are a number of
polymorphisms of the apo E gene, with the apo E3
genotype being most common. In the presence of excess
triglyceride production, for example in diabetes, the apo
E2 genotype is associated with a further exacerbation
of hyperlipidaemia as a result of lack of peripheral
clearance of remnant particles. As GH can affect hepatic
triglyceride production, we set out to determine whether
apo E phenotype contributed to changes in plasma lipid
profiles induced by hGH replacement in GH-deficient
adults.

Patients and methods
We recruited adult hypopituitary patients whose con-
dition had been stabilised on pituitary hormone
replacement for at least 6 months and who had been
GH deficient for at least 24 months. GH deficiency was
defined as a peak GH concentration of less than 10 mU/l
after stimulation with either insulin or glucagon.
Patients were excluded if they had any of the following:
evidence of ischaemic heart disease, chronic liver or
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renal disease, diabetes mellitus, pregnancy, history of
malignancy, treatment with GH during the previous 12
months and known hypersensitivity to m-cresol. Causes
of the GH deficiency and treatment given are shown in
Table 1. The study was approved by the Aintree Hospital
ethics committee and all patients gave written informed
consent to participate in the study. Further details of the
patient group have been published previously (15).

All patients received hGH for 6 months (hGH;
Genotropin, Pharmacia Ltd, Milton Keynes, UK). For
the first 4 weeks, the hGH dose was 0.125 U/kg per
week, then it was increased to 0.25 U/kg per week for
the following 5 months. The weekly dose was given as
seven equal daily subcutaneous injections given at
bedtime. The maximum daily dose was 4 U per day, and
doses were reduced if side effects occurred.

Thirty-two patients (aged 35.1 6 2.0 years, mean 6
S.E., range 20–59 years) started the study, but two
patients withdrew from the study because of side effects
of oedema and arthralgia. Patient characteristics have
been described in detail elsewhere (11, 15).

Patients were assessed for weight, height, and blood
pressure every 3 months. Changes in concomitant
medication were recorded. At baseline and 6 months,
fasting blood samples were collected and serum
separated for subsequent analysis of total cholesterol,
triglycerides (Bayer reagents for enzymatic assays on a
DAX autoanalyser), HDL-cholesterol (by phosphotungs-
tic acid MgCl2 method), and serum lipoprotein (a)
(Lp(a)) (Pharmacia radioimmunoassay). Serum samples
were stored at ¹80 8C and analyses were performed
in one batch. LDL-cholesterol concentrations were
calculated using the Friedwald formula (16). At the
6-month visit, blood was collected for analysis of apo E
phenotype, which was determined by a previously
described method (17) that had been modified to
include immunoblotting and detection of apo E
phenotypes with a combination of antibody probes (18).

Statistics

Data are expressed as means 6 S.E. unless otherwise
stated. Groups of data were compared using one-way

analysis of variance (ANOVA), and individual biochem-
ical analytes were compared using paired t-tests for
intragroup variations and standard t-tests for inter-
group variations. The serum Lp(a) data underwent log
transformation for statistical comparison. A Spearman’s
ranked correlation coefficient was used to assess for
correlation (r is the correlation coefficient). Significance
was assumed with a P value <0.05.

Results
Ten male and 20 female patients were recruited. Mean
age was 35.1 6 2.2 years, weight 83.7 6 4.3 kg,
estimated duration of GH deficiency 5.6 6 0.6 years,
peak stimulated GH response 3.1 6 0.5 mU/l and base-
line insulin-like growth factor-I (IGF-I) 11.9 6
1.3 nmol/l. The number of patients with each apo E
phenotype is shown in Table 2. In our GH-deficient
patients, 6 months of treatment with hGH resulted in a
reduction in HDL-cholesterol from 0.90 6 0.10 mmol/l
to 0.68 6 0.08 mmol/l (Table 2; P < 0.05) and a small
but statistically non-significant reduction in total
cholesterol (P = 0.06) (Table 3). There were no significant
changes in serum LDL-cholesterol, triglyceride or serum
Lp(a) concentrations.

Serum HDL-cholesterol concentrations showed a
significant decrease after hGH treatment in patients
with the apo E2 allele and patients homozygous for apo
E3 (Table 4). Although no significant changes were seen
in patients with the apo E4 allele, patient numbers in
this group were small (n = 5). Baseline serum HDL-
cholesterol concentrations were significantly greater in
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Table 1 Causes of pituitary insufficiency and replacement therapy provided for patients with
GH deficiency (n¼30).

Aetiology of GH deficiency No. Replacement therapy No.

Chromophobe adenoma 9 Isolated GH 7
Craniopharyngioma 8 Corticosteroids 19
Prolactinoma 6 Thyroxine 16
Hypothalamic glioma 2 Sex steroids 20
Optic nerve glioma 1 Desmopressin 8
Ectopic pituitary tumour 1
Midbrain glioma 1
Parietal glioblastoma 1
Suprasellar meningioma 1

Table 2 Apo E phenotypes of the 30 patients.

Apo E phenotype No. Sex

Apo E2/E2 1} 2M:8FApo E2/E3 9

Apo E3/E3 15 5M:10F

Apo E3/E4 3} 3M:2FApo E2/E4 2
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patients with the apo E2 allele than in those with the
apo E3 allele at baseline, but after 6 months of
treatment with hGH this difference no longer existed
(Table 4). The decrease in HDL-cholesterol was
0.40 6 0.07 mmol/l in patients with the apo E2 allele,
whereas the decrease was 0.23 6 0.04 mmol/l in
patients homozygous for apo E3 (P < 0.05) and
0.15 6 0.36 mmol/l in patients with the apo E4 allele.
There was no correlation between IGF-I and changes in
HDL-cholesterol concentration (r ¼ 0:2, not significant).

Serum LDL-cholesterol concentrations were signifi-
cantly lower in patients with the apo E4 allele than in
patients lacking the apo E4 allele (Table 4), both at
baseline (P < 0.05) and after 6 months of treatment
with hGH (P < 0.01). There were, however, no sig-
nificant changes in LDL-cholesterol concentration after
hGH in any of the apo E polymorphic patient subgroups,
and there was no significant difference in change in
LDL-cholesterol between the groups. The mean change
in LDL-cholesterol was +0.02 6 0.30 mmol/l for the
apo E2 group, ¹0.36 6 0.25 mmol/l for the apo E3
group and 0.00 6 0.32 mmol/l for the apo E4 group. As

a result of the differences in LDL-cholesterol, there was a
trend towards lower total cholesterol concentrations in
the patient group with the apo E4 allele (Table 4),
although this did not achieve statistical significance
(P = 0.07 after 6 months hGH).

There were no significant differences in triglyceride,
total cholesterol or Lp(a) concentrations between
patients with different apo E polymorphisms. Apo E
phenotype subgroups were not associated with changes
in serum concentrations during hGH with respect to
total cholesterol (apo E2 ¹0.22 6 0.40, apo E3
¹0.59 6 0.32, apo E4 ¹0.23 6 0.34 mmol/l), triglycer-
ides (apo E2 +0.36 6 0.31, apo E3 +0.01 6 0.38, apo
E4 ¹0.17 6 0.28 mmol/l), or serum Lp(a) (apo E2
¹152 6 101, apo E3 ¹130 6 99, apo E4 ¹29 6
23 mg/l) (ANOVA, not significant).

Discussion
In our series of studies of 30 patients treated with hGH,
we have previously reported a small but non-significant
decrease in total cholesterol, a significant decrease in
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Table 3 Effects of 6 months of GH treatment on serum lipid profiles and IGF-I concentrations
(means 6 S.E.).

Lipid parameter Baseline After treatment P

Total cholesterol (mmol/l) 6.14 6 0.40 5.99 6 0.35 0.06
HDL-cholesterol (mmol/l) 0.90 6 0.10 0.68 6 0.08 <0.01
Triglycerides (mmol/l) 2.16 6 0.31 2.34 6 0.32 0.71
LDL-cholesterol (mmol/l) 4.27 6 0.38 4.22 6 0.32 0.31
Lp(a) (mg/l) 322.7 6 128.6 286.9 6 103.3 0.34
IGF-I (mmol/l) 11.9 6 1.3 38.2 6 3.1 <0.0001

Table 4 Lipid parameters at baseline and after 6 months of treatment with hGH, according to apo
E alleles (means 6 S.E.).

Apo E2 Apo E3 Apo E4
(n ¼ 10) (n ¼ 15) (n ¼ 5)

Total cholesterol (mmol/l)
0 month 6.65 6 0.39 6.36 6 0.37 5.42 6 0.73
6 months 6.44 6 0.38 5.77 6 0.28 5.19 6 0.50

HDL-cholesterol (mmol/l)
0 month 1.05 6 0.06 0.84 6 0.05† 1.06 6 0.20
6 months 0.65 6 0.07‡ 0.61 6 0.06‡ 0.91 6 0.19

LDL-cholesterol (mmol/l)
0 month* 4.85 6 0.40 4.54 6 0.29 3.15 6 0.53
6 months** 4.86 6 0.25 4.18 6 0.23 3.15 6 0.42

Triglycerides (mmol/l)
0 month 1.67 6 0.16 2.15 6 0.37 2.66 6 0.73
6 months 2.03 6 0.45 2.16 6 0.23 2.49 6 0.57

Lp(a) (mg/l)
0 month 376.2 6 165.7 390.9 6 170.6 209.6 6 119.8
6 months 224.2 6 90.8 261.2 6 91.9 185.8 6 97.0

ANOVA comparison between three groups: * P < 0:05, ** P < 0:01. t-tests showed that the apo
E4 group had a significantly lower LDL-cholesterol at 0 (P < 0:05) and 6 months (P < 0:01). t -test
comparing apo E2 and apo E3 groups: † P < 0:05; paired t-test for intragroup 0 and 6 month
comparison: ‡ P < 0:05.
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HDL-cholesterol and no significant change in LDL-
cholesterol or triglycerides (11). Previous studies in
adults have demonstrated either no change in HDL-
cholesterol (1, 7, 8, 13, 19, 20) or even a small increase
after prolonged treatment (3, 6). Although the large
Australian study (13) showed no overall change in
HDL-cholesterol, interestingly, there were significant
differences in changes in HDL-cholesterol concentration
after hGH between different centres. These differences in
response of HDL-cholesterol to hGH remain unex-
plained. The present study was performed to examine
reasons for this difference in results.

There are three common apo E alleles in the general
population. The frequency of apo E2, apo E3 and apo E4
varies between different populations (21). The fre-
quency of apo E2 allele in our population (33%) was
much greater than those reported in previous studies:
4% (22) (P < 0.01) and 14% (23) (P < 0.05; chi-squared
analysis). One in three of our patients carried the apo E2
allele, which is a much higher prevalence than
would normally be expected (21). We have demon-
strated that the lipid profiles of patients with the apo
E2 allele respond least well to hGH replacement, in
that their LDL-cholesterol did not decrease at all, the
HDL-cholesterol decreased by the greatest degree, and
their triglycerides increased. Patients homozygous for
the apo E3 allele responded in a more favourable and
classical way than has previously been reported in
the literature (1, 3, 6, 7). Thus our high proportion
of patients with the apo E2 allele may explain the
overall difference in results compared with previous
studies.

Apo E is believed to promote both the conversion of
triglyceride-rich VLDL to LDL and the clearance of VLDL
from the circulation via the apo E remnant receptor.
These effects, however, may be diminished in the
presence of the apo E2 allele (21). Presence of the apo
E2 phenotype is usually associated with a slightly lower
LDL-cholesterol concentration (24, 25), probably
because of impaired conversion of VLDL- to LDL-
cholesterol. However, in conditions in which there is
increased hepatic triglyceride and VLDL output, the apo
E2 phenotype is associated with mixed hyperlipidaemia
as a result of impaired peripheral clearance. GH is
believed to increase hepatic VLDL secretion (26) and to
increase the number of LDL receptors (27), hence
potentially promoting an increased clearance of VLDL/
LDL from the circulation. Failure to decrease LDL
concentrations in our E2 group suggests that the effects
of GH are compromised in the presence of the apo E2
allele. Thus, although there may be an increase in
hepatic VLDL secretion (seen as an increase in
triglycerides) leading subsequently to increased LDL
production, a balance is reached between increased
LDL production and increased clearance, such
that no overall change occurs in circulating LDL
concentrations. Further labelled substrate studies that
determine the VLDL and LDL clearance pathways are

warranted to confirm any such increased flux during
hGH therapy.

Patients homozygous for E3 have unimpaired VLDL
conversion to LDL and normal LDL clearance. Interest-
ingly, in our homozygous E3 group there was no
increase in circulating triglyceride concentrations
during the study but a decrease in LDL concentrations,
which would be predicted because hGH can have its full
effect on promoting LDL clearance. This indicates that,
in the absence of apo E2, hGH can increase the rate of
flux sufficiently to clear LDL and prevent any increase in
triglycerides.

One previous study examined the impact of apo E
phenotype on lipid response to hGH (28). Although
the investigators demonstrated an overall increase in
HDL-cholesterol concentration, this increase was less
marked in patients with the apo E2 allele (E3/2 – 2.5%)
than in patients homozygous for the apo E3 allele (E3/3
– 12.2%), again indicating a possible difference in
response between different apo E genotypes.

We have demonstrated an overall significant decrease
in HDL-cholesterol concentrations during the study
period. This is difficult to explain fully. To date, there is
no evidence for a direct role of GH on HDL-cholesterol
metabolism, and previous reports have noted increases
(3, 6), decreases (9–11) and no change (1, 7) during
hGH treatment. White et al. (29) observed an even
greater decrease in HDL-cholesterol (33%) during hGH
therapy, albeit in children in whom the decrease
correlated inversely with an increase in triglyceride
concentrations. The decreases in our study were most
pronounced in the apo E2 group, in whom an increase
in triglycerides also occurred, but was not significant in
the E4 group, in whom triglycerides decreased. In
otherwise healthy people, the greatest increases in HDL-
cholesterol concentration and the smallest increase in
plasma cholesterol ester transfer protein (CETP) activity
after feeding are associated with individuals carrying
the apo E4 phenotype (30), compared with other apo E
phenotypes. If this is also the case in GH-deficient adults,
then hGH replacement may be expected to be most
beneficial in patients with the apo E4 phenotype. The
blunted CETP activity in apo E4 individuals may
promote HDL clearance of cholesterol; CETP activity is
recognised to be inversely related to HDL-cholesterol
concentrations (31). Thus the association between low
CETP activity and the apo E4 phenotype may result in
increased reverse cholesterol transport and explain not
only why HDL-cholesterol did not decrease significantly
in the apo E4 group, but also the low LDL-cholesterol
concentration both at baseline and after treatment
with hGH, as seen in our study. Further studies
(with larger numbers of patients) that include con-
comitant evaluation of parameters such as LDL
receptors, CETP and lipase activity are warranted.
This will allow further advance in our understanding
of the role of apo E polymorphism in the lipid response to
GH therapy.
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Interestingly, apo E phenotype was unrelated to
serum Lp(a) concentration in our cohort of patients,
unlike the findings of previous studies (32), and apo E
phenotype did not predict the response of Lp(a) to hGH.
However serum Lp(a) concentrations have a large
physiological variability (33), which can make it
difficult to identify any pharmacological effect.

In our study, there was a preponderance of female
patients (67%), which may have contributed to the
unusual HDL-cholesterol response to hGH. In the
Australian study (13), there was a variety of responses
of HDL-cholesterol to hGH between centres, but it is
unclear what the patient sex ratio was in each of the
centres. Twenty of the patients were receiving sex
steroids and the other 10 were eugonadal. Treatment
with sex hormones did not alter throughout the study
period and these are therefore unlikely to be responsible
for changes in lipid profiles.

Patients with GH deficiency are a hetereogenous
group who, in terms of their serum lipids, may respond
in diverse ways, depending on a variety of genetic
factors, including apo E phenotype. Patients’ lipid
profiles should be carefully monitored after they start
hGH treatment, especially if they are at high risk of
ischaemic heart disease.
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