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ABSTRACT
Short-term studies of GH replacement in adult hypopituitarism

have usually demonstrated beneficial effects on body composition and
circulating lipids, with neutral or occasionally adverse effects on glu-
cose tolerance. Fasting hyperinsulinemia has been reported. GH ef-
fects on cardiac function have been variable. The effects of long-term
GH therapy, taking into account the consequences of increasing age,
are not fully known. Thirty-three hypopituitary, initially middle-aged
adults were studied over a 7-yr period; 12 patients took GH therapy
(mean, 0.7 mg daily) continuously (group A); 11 took GH for only 6–18
months, a minimum of 5 yr previously (group B); and 10 patients
never received GH therapy (group C). Other pituitary replacement
was maintained. Effects on anthropometry, body composition (by bio-
impedance analysis, total body potassium, and dual energy x-ray
absorptiometry), circulating lipids, glucose and insulin concentra-
tions, cardiac 2-dimensional and Doppler echocardiography, and ex-
ercise tolerance were assessed before and after the treatment period.
Continuous GH therapy had no significant effect on body weight, but
it prevented the increase in waist circumference and waist to hip ratio

that occurred in the patients without GH substitution (waist to hip
ratio, group A, 0.87 6 0.08 at baseline, 0.85 6 0.09 at 7 yr; group B,
0.89 6 0.11 at baseline, 0.94 6 0.11 at 7 yr; P , 0.005 for GH effect;
group C, 0.87 6 0.10 at baseline, 0.92 6 0.10 at 7 yr; P , 0.005 for
GH effect). A GH-induced decrease in subscapular skinfold thickness
was also observed. By bioimpedance analysis, GH therapy caused an
increase in total body water and fat-free mass, and a decrease in the
percent body fat. Although changes occurred with time in all groups,
no significant additional GH therapy effects were observed on glucose
tolerance, insulin concentrations, lipid levels, cardiac dimensions,
echocardiographic diastolic function, or exercise tolerance. In conclu-
sion, prolonged GH substitution in middle-aged hypopituitary adults
causes a sustained improvement in body composition. Other benefits,
e.g. on lipid levels and exercise tolerance, were not apparent at 7 yr
when comparisons were made with GH-untreated hypopituitary con-
trols. Potentially adverse effects on glucose tolerance and insulinemia
did not develop with prolonged GH therapy. (J Clin Endocrinol Metab
85: 3762–3769, 2000)

THE ADULT GH deficiency syndrome, described in re-
cent years (1, 2), includes generalized and visceral obe-

sity, reduced lean body mass and increased fat mass, reduced
exercise performance, and abnormalities of circulating lipids.
Beneficial effects of GH replacement have been reported in
short-term studies (3, 4) with most consistent findings
in body composition (reduction in fat mass and increase
in fat-free mass) and lipid metabolism (reduction in total
cholesterol levels). Data on cardiac indexes indicated im-
provement in diastolic function (5), which was not always
sustained (6). Longer-term studies are complicated by the
fact that body composition and metabolism, cardiac struc-
ture, and exercise tolerance change with age even in normal
subjects (7). To assess the long-term effects of GH replace-
ment therapy, information is also required over a number of
years in those treated conventionally without GH therapy.

We have therefore investigated changes over 7 yr in body
composition, aspects of metabolism, and cardiac status in
GH-replaced and GH-untreated hypopituitary adults.

Subjects and Methods
Patients

Thirty-three hypopituitary patients (all GH deficient) were studied
before and after 7.1 (mean; range, 5.9–8.5) yr of follow-up. The patients
had initially participated in other studies from our department (8–10).
They were divided into 3 groups: group A, 12 patients who had been
treated continuously with GH (mean, 0.7 mg/day at recall) for 7 yr,
having started treatment in a randomized controlled trial (11); group B,
11 patients who were treated with GH for 6–18 months as part of the
randomized controlled trial, but opted to stop GH therapy and did not
receive GH therapy during the following 5 yr; and group C, 10 patients
who were initially investigated but never treated with GH.

Patients were recruited from the Endocrine Clinic at St. Mary’s Hos-
pital and adjacent hospitals. Hypopituitarism resulted mainly from pi-
tuitary adenomas (Table 1). Most had adult-onset GH deficiency (2
patients in group A, 2 in group B, and 1 in group C had childhood-onset
GH deficiency). GH deficiency at baseline was defined as GH values less
than 3 ng/mL in response to insulin-induced hypoglycemia (mostly) or
clonidine test. They were all stable on cortisol, T4, sex steroids, fludro-
cortisone, and desmopressin (where appropriate) and were assessed
clinically and biochemically every 6 months.

The three groups at the outset were similar with respect to age, body
mass index (BMI), and duration of hypopituitarism. The reasons for
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stopping GH treatment in group B had been lack of subjective improve-
ment or transient deterioration of glucose tolerance while taking GH.
The patients in group C opted not to have GH therapy because they
disliked injections or because they felt sufficiently well without addi-
tional treatment.

The Parkside Health Authority ethics committee approved the pro-
tocol, and patients gave informed written consent.

Study protocol and methods

Investigations at baseline and at follow-up were: 1) anthropometry
[height, weight, BMI, waist and hip circumference with calculated waist
to hip ratio (W/H), and skinfold thicknesses]; 2) body composition by
total body potassium (TBK), bioimpedance analysis (BIA) and dual
energy x-ray absorptiometry (DXA); 3) blood tests after an overnight fast
and after positioning an iv cannula for measurement of total and high
density lipoprotein (HDL) cholesterol and triglyceride, insulin-like
growth factor I (IGF-I), nonesterified fatty acids (NEFA), and a 3-h 75-g
oral glucose tolerance test with glucose and insulin estimations at 30-min
intervals; and 4) echocardiography and exercise tests.

All patients attended the Metabolic Day Ward at St. Mary’s Hospital.
General clinical examination was performed. Weight and height were
measured while the subject was wearing light indoor clothes without
shoes. W/H was measured as the narrowest waist to the widest hip
circumference. Skinfold thicknesses at the triceps and subscapular areas
were measured using a Tanner and Whitehouse skinfold caliper (Holtain
Ltd., Crosswell, UK).

TBK was measured in 24 patients by 40K counting in a whole body
counter situated at the Medical Research Council Cyclotron Unit, Ham-
mersmith Hospital (London, UK), as described previously (9, 12). Pa-
tients were measured for 30 min in a whole body counter with 10 sodium
iodide scintillation detectors, housed in a shielded room made of 15-
cm-thick, low activity steel. TBK was calculated by comparing the pa-
tient’s net potassium count with counts from a known quantity of
potassium in a reference phantom. This number was then adjusted for
body habitus using a calibration factor (12) related to height and weight.
During the course of the study, two detectors were changed. Their
efficiencies were cross-calibrated with those of the original detectors,
and adjustments were made accordingly. Later measurements on a
standard phantom were consistent with the counts in earlier studies.

Fat-free mass (FFM; kilograms) was calculated from TBK (millimoles)

using the following sex-specific formulas (13): males: FFM 5 (TBK 3
7.55/1000) 1 27.98; females: FFM 5 (TBK 3 10.14/1000) 1 18.23.

Electrical impedance was measured in 25 patients using a Holtain
body composition analyzer (Holtain Ltd.) with an alternating current of
50 KHz, 800 mA and following the instructions given by the manufac-
turer. The same apparatus was used throughout. The patients were
tested while supine after voiding. Total body water (TBW) was calcu-
lated from the measured impedance using the following formula (14):
TBW 5 [(height2/impedance) 3 0.585] 1 1.825. FFM was then calculated
from TBW by assuming 73% hydration of FFM (15): (FFM 5 TBW/0.73).

Body composition was assessed by DXA in 20 patients using a Lunar
Corp. absorptiometer (DPX-L, Lunar Corp., Madison, WI). Although the
computer software changed during the study period, baseline and re-
peat data were analyzed using the latest software (version 1.35). Body
composition estimations by DXA involved differential attenuation by
tissues of transmitted photons of two energies (16). The soft tissue mass
was partitioned into nonskeletal FFM (lean tissue mass) and body fat
mass (BFM) using an equation derived from calibrating water-fat and
tissue-fat mixtures.

For TBK and BIA, body composition was analyzed using a two-
compartment model: body weight 5 FFM 1 BFM. FFM was calculated
from TBK or TBW, and BFM was calculated by subtracting FFM from
body weight. For DXA, a three-compartment model was used (body
weight 5 bone mineral content 1 lean tissue mass 1 BFM). The mass
of each compartment was measured directly by the scanner. FFM was
then calculated as the sum of lean tissue mass and bone mineral content.

Plasma glucose was measured with a hexokinase method. Insulin was
measured by RIA using a polyethylene glycol-accelerated second anti-
body method (17). Interassay precision was less than 5% for values
between 86.8–1547.7 pmol/L. Serum IGF-I was measured after acid-
ethanol extraction by RIA (18). Total cholesterol and triglycerides were
measured by an enzymatic method (19). HDL cholesterol was analyzed
enzymatically after dextran sulfate precipitation (20). Low density li-
poprotein (LDL) cholesterol was calculated using the Friedwald equa-
tion (21). NEFA was also measured by an enzymatic method (22). Blood
samples after collection were stored at 260 C. For all laboratory meth-
ods, the same assay was employed at baseline and at follow-up. Within-
and between-batch precisions were monitored throughout the study
using frozen plasma and serum pools and commercially available ly-
ophilized sera, and by participation in national quality control schemes
where available.

Twenty-two of the patients underwent two-dimensional and Doppler
echocardiography. Left ventricular (LV) mass was determined with an
area 3 length method that has been validated in man (23). For this
calculation two echocardiographic views are required: a parasternal
short axis view of the LV at the papillary muscle tip level to assess the
cross-sectional area of the myocardium and the apical four-chamber
view that maximizes the distance from the mitral valve annulus to the
LV apex to determine the length of the ventricle. LV mass was then
calculated from the algorithm LV mass 5 1.04(5/6(A1 3 L1) 2 5/6(A2 3
L2)), where A1 and A2 represent the epicardial and endocardial areas,
respectively, measured by planimetry, and L1 and L2 represent the
lengths of the LV from the mitral annulus to the epicardial and endo-
cardial borders, respectively. LV mass index was determined by divid-
ing LV mass by body surface area. Pulsed Doppler examination of
transmitral flow was recorded with reference to the two-dimensional
echocardiographic image (24). The peak flow velocities of the early and
atrial waves were measured from the three consecutive cardiac cycles
displaying the highest measurable velocity profiles. The ratio of the early
and atrial peak flow velocities (E/A) was used as an index of left
ventricular filling. The isovolumic relaxation time (IVRT) was measured
from the apical five-chamber view by placing the continuous wave
Doppler beam between the mitral and aortic valve junction. The time
interval between the end of the aortic velocity envelope and the onset
of the early filling wave was taken to represent the IVRT (24).

Exercise assessment was performed in 21 of the 22 patients who had
echocardiographic studies by a symptom-limited, graded multistage
treadmill exercise testing using Bruce’s standard protocol (7 stages, each
of 3-min duration). The tests took place in a temperature- and humidity-
controlled environment with standard safety precautions. Heart rate
and blood pressure were measured at the end of each stage. The test was
stopped if patients complained of excessive shortness of breath, leg
weakness, or exhaustion.

TABLE 1. Clinical characteristics of the study patients at recall

Group A Group B Group C

No. of patients (F/M) 12 (6/6) 11 (5/6) 10 (4/6)
Age (yr) 52 6 10 53 6 14 61 6 10
BMI (kg/m2) 30 6 6 31 6 5 29 6 4
Duration of HP (yr) 20 6 9 15 6 7 23 6 15
Diagnosis

Chromophobe adenoma 3 2 5
Craniopharyngioma 2 4 2
Prolactinoma 2 3 1
Cushing’s/Nelson

syndrome
2 1 0

Sheehan’s syndrome 0 0 2
Idiopathic HP 1 0 0
Othera 2 1 0

Treatment
Surgery (TC/TS) 11 (5/6) 11 (6/5) 7 (2/5)
Radiotherapy 7 11 8
Replacement therapy

Cortisol 10 8 10
T4 11 8 8
Sex steroids 11 9 7
Fludrocortisone 2 1 0
Desmopressin 3 2 1
GH (mg/day) 0.7 6 0.3

Data are the mean 6 SD or median (range). F/M, Females/males;
TC/TS, transcranial/transphenoidal surgery.

a Group A, a meningioma and a dysgerminoma; Group B, a pine-
aloma.
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Statistical analysis

Data are expressed as the mean (6sd) or median (range) where
appropriate. The area under the curve (AUC) for glucose and insulin was
calculated using the trapezoidal rule.

The primary analysis was of the change with GH therapy vs. that
without GH. Secondary analyses were performed on baseline vs. fol-
low-up measurements. The differences in the change over 7 yr between
groups were analyzed using the Mann-Whitney test (where two groups
were compared) or the Kruskal-Wallis test (where three groups were
compared). Comparisons at baseline vs. follow-up were performed us-
ing Student’s paired t test or the Wilcoxon test where appropriate.

Results

For anthropometry and for carbohydrate and lipid me-
tabolism, the three groups (A, B, and C) are described sep-
arately, and also when groups B and C have been combined
(as group D). Because of the smaller numbers of subjects
participating in the body composition and heart studies,
groups B and C have been amalgamated as group D for
statistical evaluation.

Anthropometry

Weight and BMI increased significantly, but the increase
over 7 yr was similar in all groups (Table 2). W/H did not
change significantly in group A, but it tended to increase in
group B and increased significantly in group C (0.87 6 0.10
to 0.92 6 0.10; P , 0.005). The change in W/H over the study
period was significantly different between groups A and B
(P , 0.005) as well as groups A and C (P , 0.005). Waist
circumference increased significantly in groups B and C, and
the increase was significantly greater when groups B and C
were combined (group D) compared with that in group A
(P , 0.05). Skinfold thickness in the subscapular area de-
creased significantly in group A (29.5 6 7.4 to 23.5 6 8.2 mm;
P , 0.005), but not in the other two groups, and the change
was not significantly different between these groups. The
change in subscapular skinfold thickness assumed statistical
significance when group A was compared with group D (P ,
0.05; Table 2).

Body composition

By BIA, TBW increased significantly in group A (38.5 6 9.9
to 45.4 6 9.5 kg; P , 0.005; Table 3), but not in group D. The

changes in groups A and D were significantly different (P ,
0.005). FFM increased significantly in group A (53.5 6 13.5
to 62.2 6 13.0 kg; P , 0.005), and this increase in FFM was
significantly greater than that in group D. BFM decreased in
group A and increased in group D, but the changes were not
significant, and the changes between the two groups did not
achieve statistical significance (P 5 0.06). The percentage of
body fat showed a similar pattern as BFM, but the changes
over time between groups A and D were significantly dif-
ferent (P , 0.05).

Using TBK, FFM in group A increased significantly (49.7 6
8.7 to 52.8 6 9.1 kg; P , 0.0005), whereas no significant
change was seen in group D (Table 4). The change with time
did not differ significantly between groups, and there was no
significant change in BFM or percent body fat using this
methodology.

In the smaller number of subjects in whom body compo-
sition was assessed by DXA, FFM did not change signifi-
cantly in group A, but it decreased in group D (63.9 6 14.0
to 60.2 6 12.6 kg; P , 0.05; Table 5). BFM and percent body
fat increased significantly in both groups using this meth-
odology, but the changes did not differ significantly between
the groups.

Carbohydrate and lipid metabolism

At baseline, four patients in group A and three patients
each in groups B and C were found to have impaired glucose
tolerance. One patient in group C was diagnosed as having
borderline type II diabetes. Impaired glucose tolerance was
present at follow-up in four patients in group A, two in group
B, and two in group C. Diabetes was present in two patients
in group B and three patients in group C.

No significant changes were seen in fasting glucose in any
of the groups (Table 6). Fasting insulin levels increased sig-
nificantly in groups B and D, but no GH effect was observed.
The 75-g oral glucose tolerance test AUC for glucose was
similar in each group, and the changes in glucose tolerance
with time did not differ significantly between groups. The
AUC for insulin increased significantly in all groups, but to
a similar extent in each. IGF-I levels increased significantly
in group A [12.4 (range, 9.2–18.1) to 29.1 (16.5–41.9) nmol/L]
and decreased significantly in groups B and C. IGF-I levels

TABLE 2. Anthropometric indexes at baseline and repeat visit for each group

Group A Group B Group C Group D (B 1 C)

Baseline Repeat Baseline Repeat Baseline Repeat Baseline Repeat

Wt (kg) 81.2 6 18.9 87.3 6 23.7a 87.1 6 15.8 91.2 6 17.0a 80.6 6 19.4 86.1 6 18.7a 84.2 6 17.3 88.9 6 17.5b

Ht (m) 1.70 6 0.13 1.70 6 0.13 1.73 6 0.11 1.73 6 0.11 1.71 6 0.10 1.71 6 0.10 1.72 6 0.10 1.72 6 0.10
BMI (kg/m2) 28.1 6 4.7 30.0 6 6.2a 29.1 6 4.2 30.6 6 4.7a 27.2 6 4.0 28.9 6 4.4a 28.3 6 4.1 29.9 6 4.5b

Waist (cm) 90.5 6 11.7 91.6 6 13.3 94.4 6 12.5 100.5 6 11.7a 90.7 6 13.2 95.6 6 13.0a 92.8 6 12.6 98.3 6 12.2b,c

W/H 0.87 6 0.08 0.85 6 0.09 0.89 6 0.11 0.94 6 0.11d 0.87 6 0.10 0.92 6 0.10b,d 0.88 6 0.10 0.93 6 0.11a,c

Triceps ST
(mm)

21.9 6 8.7 23.7 6 9.8 25.3 6 8.5 22.2 6 8.2 23.7 6 8.7 21.9 6 7.8 24.6 6 8.4 22.1 6 7.8

Subscapular
ST (mm)

29.5 6 7.4 23.5 6 8.2b 31.9 6 8.5 30.1 6 8.5 29.2 6 10.9 26.8 6 11.2 30.7 6 9.5 28.6 6 9.7c

Data are the mean 6 SD. BMI, Body mass index; W/H, waist to hip ratio; ST, skinfold thickness.
a P , 0.05, baseline vs. repeat in each group.
b P , 0.005, baseline vs. repeat in each group.
c P , 0.05, for the changes in group D being significantly different from those in group A.
d P , 0.005, for the changes in groups B or C being significantly different from those in group A.
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