


at free T4 concentrations of 8.3, 15.9 and 46.1 pmol/I,
respectively.
The GH concentration (mU/1) was determined by an

immunoradiometric assay according to the manufac¬
turer's protocol (Pharmacia, Uppsala, Sweden), with the
modification using sera from patients with pituitary
deficiency as zero calibrator. The total CV were 30%,
4.0% and 7.1% at GH concentrations of 0.26, 13.3 and
32.7 mU/1, respectively.
The IGF-I concentration in EDTA-plasma was deter¬

mined by a non-extraction radioimmunoassay (Nichols
Institute Diagnostics, San Juan Capistrano, CA, USA).
This method determines "low-affinity bound" analyte,
i.e. the concentration in non-extracted plasma that is
available to a known amount of antiserum to fGF-f
under defined conditions. The reference limits for adults
are: mean 0.34-1.9 kU/1; women, 0.45-2.2 kU/1
(U = unit defined by the manufacturer; kU = kilounits).
The total CV were 8.4%, 6.7% and 5.9% at IGF-I
concentrations of 0.26, 1.33 and 6.8 kU/1, respectively.

Bone mineral content (BMC)
The BMC was determined in the third lumbar vertebra
(L3) using DPA and was expressed in g/cm. This unit
was chosen instead of the more commonly used units of
g/cm2 or g/cm3, because we have found that most
mechanical properties of the lumbar vertebrae are better
represented by the use of g/cm (8). Our dual-photon
absorptiometer involves the use of two radionuclides,
241Am and lî7Cs. The measurement takes place as a

scanning procedure over the vertebra. An electronic
control unit permits intermittent scanning in steps of 4
mm. The BMC at each measuring point, 33 in all, is
estimated by assuming exponential attenuation of the
radiation beam. The plotting of each point versus the
position over the vertebra results in a bone profile curve.
Points outside the bone on both sides are selected to form
the endpoints of a baseline above which the bone profile
curve is integrated, thereby yielding the BMC in units of
g/cm (9). The accuracy and precision in the bone
mineral determinations had been determined both in
phantoms and in situ in the human body. The error in
precision is less than 3%. The greatest error was

obtained for determinations in situ, while the error in
precision was even smaller when it was determined in
phantoms (10).

Control population
As a reference population for the female patients we used
a random sample of 214 women aged 35-80 years,
selected from the Revenue Office Register in Göteborg
(11). The participation rate ranged from 62% to 85%.
The male control population consisted of 199 men from
the city ofGöteborg between 16and 79 years of age (12).
The sample of men consisted of two subsamples; the

participants aged 16-20 years (N=38) were students
who volunteered for the study and the men aged 21-79
years (N= 161 ) had been randomly selected to represent
certain age strata.
For each patient, a ratio of observed BMC value/

predicted BMC value (BMC %)( ± sd) was calculated. The
predicted BMC value was derived from regression equa¬
tions obtained from 413 healthy subjects (199 males,
214 females). The regression equation was

y=5.85—0.023x for the male controls and
y= 5.36 —0.030x for the female controls, where y
indicates BMC (g/cm) and x indicates age (years).

Statistics
Conventional methods were used to calculate means,
standard deviations and standard errors. Differences
between groups were tested with Mantel's test (13),
where the influence of age is eliminated. The correlation
between two variables was calculated using Spearman's
rank correlation test. Values are given as means and
two-tailed p values are quoted.

Table 3. Body weight, body height, body mass index (BMI) and
concentrations of plasma insulin-like growth factor I (p-IGF-I) and
serum free thyroxine (s-free T4) in 95 subjects (59 males. 36 females)
with growth hormone deficiency.

N

Males

Mean so

Females

Mean si)

Body weight (kg) 59
Body height (cm) 59
BMI (kg/m2) 59
p-IGF-I (kU/1) 52
s-Free T4 (pmol/1) 57

84.8 (±12.2)
177.7(±7.6)
26.9 (±3.5)

12.7(±3.6)

36
36
36

0.27(±().I1) 35
36

67.5 (±10.8)
161.7 (±5.6)
25.8(±3.8)
0.26 (±0.07)
15.4 (±5.0)

Table 4. Bone mineral content in 95 GH-deficient patients (59 males.
36 females) according to deficiency in adrenal (A), thyroid (T) and
gonadal (G) function.

Type of deficiency

Males

Mean (±sn) N

Females

Mean (±sd)

Isolated GHD"
G
T
A
G + T
G + A
T + A
G + T + A

2
0
2
1
3
4
3

44

3.76 (±0.09)

3.92 (±0.25)
5.72 (-)
4.60 (±0.54)
4.42 (±0.33)
4.93 (±1.20)
4.17 (±0.77)

0
0
0
0
1
1
6

28

3.07 (-)
3.60 (-)
3.07 (±0.67)
3.18 (±0.55)

Total 59 36

" GHD: growth hormone deficiency.



Results
The BW, BH, BMI and the concentrations of EDTA-
plasma IGF-I and serum free T4 in the patients are given
in Table 3.
The separate data on BMC in the various subgroups of

pituitary deficiencies are given in Table 4. As can be

seen, the majority of the patients had a complete
pituitary failure in terms of adrenal, thyroid and gonadal
functions.
Male patients in group A had a lower (N=55,

p<0.05) BMC than controls and the four patients in
group B all had values below the mean of the controls
(Fig. 1). Similarly, female patients in group A (N = 21,
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Fig. 1. Bone mineral content (BMC) in male patients with growth hormone deficiency compared with the mean BMC (±2 sd) in the controls
(N=199, 20-79 years), (a) Patients with normal gonadal function or substituted gonadal deficiency (group A) (N = 55). (b) Patients with
untreated gonadal deficiency (group B) (N = 4). The BMC was lower (p < 0.05) in group A compared with the controls. The four patients (group B)
in (b) are all below the mean BMC of the corresponding control age groups.
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Fig. 2. Bone mineral content (BMC) in female patients with growth hormone deficiency compared with the mean BMC ( ± 2 so) in the controls
(N = 214, 35-79 years), (a) Patients with normal gonadal function ( x ) (N = 6) and patients with gonadal deficiency substituted with oestrogens
(•) (N=15) (group A), (b) Patients with untreated gonadal deficiency (N= 1 5) (group B). The BMC was lower in the patients of both group A
(p<().0()5) and group B (p<0.001) compared with the controls.



Males
p< 0.005

r-28 n-27
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p-0.06

n-13 n-8

Age < 55 > 55 < 55 > 55 years

Fig. 3. The ratio of observed/predicted BMC (BMC%) in patients below
and above the age of 5 5 years with growth hormone deficiency.
Individual BMC% values for male patients with normal gonadal
function and substituted gonadal deficiency (N= 55) (group A) and for
female patients with normal gonadal function and substituted gonadal
deficiency (N = 21 ) (group A) are given. The horizontal lines in the box-
plots represent the 10th. 25th. 50th, 75th and 90th percentiles.
respectively.

p<().()()5) and group B (N = 15. p<0.001) also had a
lower BMC than controls (Fig. 2).
The ratio of observed/predicted BMC (BMC%) in the

patients was decreased. In male groups A and B the
average BMC% was 93.6% (± 19.3) and 82.5% (±6.4),
respectively, and in female groups A and B, the average
BMC% was 87.2%(± 18.2) and 81.8%(± 13.3) respect¬
ively. In male patients (group A) of 55 years or younger
the average BMC% was 85.8%(±15.4) but it was

101.7% (±19.8) (p<0.005) in patients above the age of
55 years. Similarly, in female group A the average
BMC% in patients of 55 years or younger was 81.5%
(±12.6) compared with 96.5% (±22.8) in patients
above the age of 55 years (p = 0.06) (Fig. 3).
There was no relationship between the BMC% and the

estimated duration of disease at diagnosis, or the
duration of disease to the time of follow-up. The BMC%
was correlated positively (r = 0.51, p<0.001, N=55)
with age at diagnosis in the male patients but no
correlation was observed in the female patients. Further¬
more, there was no relationship between BCM% and
IGF-I concentrations.

Discussion
This study shows that adult patients, both males and
females, with hypopituitarism and GH deficiency have a

reduced BMC compared with controls.
We are confident that we included only patients with

GH deficiency. For practical reasons we could not
perform insulin tolerance tests on all patients. The

majority of our patients were probably severely GH
deficient because our criteria for including patients were
stricter than those currently used to define GH defi¬
ciency. Furthermore, within 6 months after the follow-
up we performed an insulin tolerance test on 26 patients
who were diagnosed as GH deficient according to low
IGF-I concentration; those patients all showed a maxi¬
mum GH response below 5 mU/1. We have no reason to
believe that the remaining patients differ in their GH
status from the others. Moreover, all the patients were
selected from a population of patients with a previously
known history of pituitary disease.
The BMC was determined in the third lumbar vertebra

using DPA. This method measures both the trabecular
bone in the vertebral body and the cortical bone in the
posterior part of the spine. The mechanical strength of
the vertebra is mainly determined by the amount of
trabecular bone in the vertebral body. More than 90% of
the variations in the compressive strength of a lumbar
vertebra, for example, are determined by variations in
the BMC (8). The BMC value might predict a future
fracture, because recent studies have shown a connec¬
tion between a lowered BMC and an increased risk of
fractures (14, 15).
Previous studies of adult subjects with GH deficiency

have revealed a decreased BMC in patients with GH
deficiency compared with controls (16-18). However,
these patients were GH deficient since childhood. In
contrast, all the patients in this study acquired their GH
deficiency during adult life.
Several factors influence BMC. In the present study we

have not evaluated the diet regimen or alcohol con¬
sumption, but we have no reason to believe that our
patients differed in this respect from the controls. In fact,
we have recently shown that their tobacco consump¬
tion, a known risk factor for osteopenia, was lower than
expected (19). Their body weight was also higher
compared with normals (20), which is known to be
beneficial to the bone mass.
Adequate substitution therapy with corticosteroids

and L-thyroxine was administered to the patients. No
continuous overdosage of these medications was noted
at the follow-up, but a previous minor overdosage that
might have aggravated the bone loss cannot be excluded
(21, 22). Gonadal deficiency is a major reason for low
bone density in both males and females (23, 24). fn this
study, all but four of the hypogonadal male patients were
on testosterone replacement therapy. Not surprisingly,
we noted that female patients on oestrogen replacement
therapy had a higher BMC than female patients with
untreated gonadal deficiency. Even so, these patients
had a lower BMC compared with control subjects,
thereby indicating that routine replacement therapy is
not sufficient to optimize BMC.
Previous studies on bone mineral status in GH-

deficient adults of childhood onset have shown low BMC
(18). This was mainly observed in the forearm. The
cause of osteopenia in these patients could be deficient



build-up of bone mass during childhood and adoles¬
cence. Deficient build-up of bone cannot explain the
ostepenia observed in our study.
Ageing is associated with decreasing GH secretion

(25). Bone mass also decreases in normal subjects with
increasing age. Low BMC was only observed in our

younger adult patients and the ratio of observed/
predicted BMC (BMC%) did in fact increase with age.
Thus, a similar BMC was observed in both patients and
controls among older patients. Similarly, we observed
recently in the same patients that body cell mass was
reduced only in younger subjects (20).
Recently performed short-term studies with recombi¬

nant human GH (rhGH) to subjects with GH deficiency
have shown promising results. Bone mineral density
increased (16) with a parallel increase in the plasma
levels of markers for bone turnover, such as alkaline
phosphatase and osteocalcin, and an increase in hydrox-
yproline excretion (16, 26, 27).
To summarize, we have shown that both male and

female patients with adult onset GH deficiency have a

lower BMC than controls. The clinical implications of
this are still unknown, as we are not aware of any data
regarding the incidence of fractures in these patients.
Short-term studies with rhGH have shown promising
results, but further studies are needed to ascertain
whether long-term treatment can normalize the BMC in
these patients.
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