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Context and Objective: Metabolic and body compositional consequences of GH deficiency (GHD)
in adults are associated with a phenotype similar to the metabolic syndrome (MetS).

Patients: We assessed MetS prevalence in adult GHD patients (n � 2531) enrolled in the Hypopi-
tuitary Control and Complications Study. Prevalence was assessed at baseline and after 3 yr of GH
replacement in a subset of 346 adult-onset patients.

Results: Baseline MetS crude prevalence was 42.3%; age-adjusted prevalence in the United States
and Europe was 51.8 and 28.6% (P � 0.001), respectively. In the United States, age-adjusted
prevalence was significantly higher (P � 0.001) than in a general population survey. Increased MetS
risk at baseline was observed for age 40 yr or older (adjusted relative risk 1.34, 95% confidence
interval 1.17–1.53, P � 0.001), females (1.15, 1.05–1.25, P � 0.002), and adult onset (1.77, 1.44–2.18,
P � 0.001). In GH-treated adult-onset patients, MetS prevalence was not changed after 3 yr (42.5–
45.7%, P � 0.172), but significant changes were seen for waist circumference (62.1–56.9%, P �

0.008), fasting glucose (26.0–32.4%, P � 0.001), and blood pressure (59.8–69.7%, P � 0.001).
Significantly increased risk of MetS at yr 3 was associated with baseline MetS (adjusted relative risk
4.09, 95% confidence interval 3.02–5.53, P � 0.001) and body mass index 30 kg/m2 or greater (1.53,
1.17–1.99, P � 0.002) and increased risk (with a P value � 0.1) for GH dose 600 �g/d or greater (1.18,
95% confidence interval 0.98–1.44, P � 0.088).

Conclusion: MetS prevalence in GHD patients was higher than in the general population in the
United States and higher in the United States than Europe. Prevalence was unaffected by GH
replacement, but baseline MetS status and obesity were strong predictors of MetS after GH
treatment. (J Clin Endocrinol Metab 95: 74–81, 2010)

Patients with the adult GH deficiency (GHD) syndrome
have several metabolic abnormalities (1–3), and it has

been postulated that the increased cardiovascular morbidity

and mortality reported in hypopituitary GH-deficient pa-
tients (4–6) may be related to the missing metabolic effects
ofGH(7). JohannssonandBengtsson(8)pointedoutthat the
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adult GHD phenotype shares features such as abdominal
obesity, dyslipidemia, and insulin resistance with the meta-
bolic syndrome (MetS), a cluster of risk factors for cardio-
vascular disease and type 2 diabetes (9, 10).

Accordingly, in overweight or obese adult patients with
GHD, the metabolic abnormalities typical of the MetS
could be associated with GHD but could also exist inde-
pendently of GHD. In such a situation, cause and effect may
overlap; on the one hand, obesity and metabolic abnormal-
ities may be consequences of GHD (1, 2, 8), whereas on the
other,obesityper semaycauseendocrineperturbations (11).
This aspect has been taken into account in the biochemical
diagnosisofGHDbystandardizing theGHresponse in stim-
ulation tests for the degree of existing obesity (12, 13). How-
ever, obesity per se may affect not only GH secretion but also
the clinical presentation of the adult GHD syndrome as well
as GH treatment effects.

Although the nature of MetS as a disease entity con-
tinues to be debated (10), its concept provides a means by
which patients at risk can be identified and categorized
with routinely available measures (10, 14, 15). In this
study, we determined the prevalence of MetS in a cohort of
adult GH-deficient patients enrolled in the Hypopituitary
Control and Complications Study (HypoCCS), a large inter-
national observational study (16). Because patients with
GHD are enrolled in HypoCCS in both the United States and
Europe, we could compare the MetS prevalence for patients
fromboth regions.Wealso studied the effectsofGHreplace-
ment for3yr inasubgroupof the total cohort toelucidate the
extent to which the metabolic abnormalities seen in adults
with GHD are affected by GH replacement.

Patients and Methods

HypoCCS is a surveillance study that collects long-term efficacy
and safety data on adult GH-deficient patients treated with re-
combinant human GH (Humatrope; Eli Lilly & Co., Indianap-
olis, IN) in the United States, Canada,, and different European
countries. Institutional review committee approval and written
consent for data collection, electronic processing and publica-
tion were obtained from patients in accordance with national
laws and regulations. To qualify for the present analysis, patients
from the database with documented severe GHD (defined by a
peak GH �3.0 �g/liter in a GH stimulation test or �9.0 �g/liter
in the GHRH-arginine test) had to have full baseline information
on all five criteria defining the MetS. Of 7895 patients enrolled
in the observational study from 1996 to 2006, these criteria were
fulfilled in 2531 patients from the United States and Europe
(Austria, Belgium, Czech Republic, Denmark, France, Germany,
Hungary, Italy, Norway, Spain, Sweden, The Netherlands,
United Kingdom). To diagnose MetS, we used the definition of
the National Cholesterol Education Program (NCEP-ATPIII)
(14), as updated in 2004 (17), by which MetS is characterized by
three or more of the following: 1) central obesity measured by
waist circumference (WC) (�102 cm for male, �88 cm for fe-

male); 2) fasting glucose (FG) 100 mg/dl or greater (�5.6 mmol/
liter) or diabetes diagnosis or drug treatment for elevated glu-
cose; 3) serum triglyceride concentration 150 mg/dl or greater
(�1.7 mmol/liter); 4) high-density lipoprotein cholesterol less
than 40.0 mg/dl (�1.03 mmol/liter) for men and less than 50.0
mg/dl (�1.29 mmol/liter) for women; and 5) blood pressure (BP)
130/85 mm Hg or greater or on antihypertensive treatment. Of
the2531evaluablepatients, 346withadultonset (AO)GHDhad
full information on all five MetS criteria at baseline and at fol-
low-up at yr 3 of GH replacement, allowing calculation of MetS
prevalence after GH replacement.

Statistical analysis
Mean and SD are presented for continuous variables unless

otherwise specified. Counts and percentages are presented to
describe categorical variables. ANOVA was used to compare the
continuous variables between subgroups. �2 tests were applied to
compare categorical variables unless otherwise specified. Age-
adjusted MetS prevalence and 95% confidence intervals (CIs)
were estimated using a direct standardization method (18). To
compare the MetS prevalence between the United States and
Europe, age standardization according to the world population
structure (19) was performed. For U.S. patients only, the MetS
prevalence found in HypoCCS was compared with the data from
the National Health And Nutritional Examination Survey
(NHANES) 1999–2000 (17) after standardization to the U.S.
2000 census (20). For Europe, a similar comparison was not
done because no study population matching the by-country dis-
tribution in HypoCCS was available.

Relative risks (RRs) of MetS prevalence were calculated using
log-binomial models (21) adjusting for age, gender, onset type,
and lipid-regulating medication (yes/no) as well as baseline MetS
and duration of GHD if applicable. When nonconvergence oc-
curred, Poisson regression models were used (22). A McNemar
test was used to compare the overall MetS prevalence at baseline
and yr 3 within the AO patient cohort (n � 346). Average daily
GH dose (micrograms per day) was estimated for the first 3 yr
from each follow-up visit, excluding the dosing reported during
the first 6 months of treatment. The association of GH dose with
presence of MetS at yr 3 was investigated using two cutoff levels:
600 and 720 �g/d, which, respectively, correspond to the 75th
and 90th percentiles of the GH dose range in HypoCCS.

Results

MetS prevalence in the total adult GHD cohort at
baseline

In Table 1, the demographic and clinical characteris-
tics, as well as the crude and age-adjusted prevalence of
MetS at baseline, are presented for the total cohort of 2531
patients and for U.S. and European cohorts separately.
The U.S. cohort was statistically significantly older than
the European cohort. Gender distributions were compa-
rable, and there were significantly more patients with
childhood-onset (CO) GHD in Europe than the United
States; CO patients were significantly younger than AO
patients. For the total cohort, the overall crude MetS prev-
alence was 42.3% and for the U.S. and European cohorts,
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56.6 and 31.1% (P � 0.001), respectively. The age-ad-
justed prevalence was 51.8% (95% CI 48.1–55.4%) in the
U.S. cohort and 28.6% (95% CI 26.2–31.0%) in the
European cohort (P � 0.001). By onset, the overall crude
prevalence was 46.8% in AO and 20.6% in CO patients,
and in both onset groups, MetSprevalencewashigher in the
United States than Europe (AO: 59.4 vs. 35.6%, P � 0.001;
CO: 35.4 vs. 14.5%, P � 0.001). For the U.S. cohort, the
age-adjustedMetSprevalence, standardized to theU.S.2000
census population, was 53.2% (95% CI 49.9–56.6%), sig-
nificantly (P � 0.001) higher than the reported prevalence of
32.3% in the NHANES survey (17).

Because of the difference in the proportion of AO and
CO patients between the United States and Europe, prev-
alence of individual MetS criteria was assessed in AO pa-
tients only. As shown in Fig. 1, the most prevalent MetS
criteria in the combined cohort were WC (total cohort:
54.9%; United States: 64.2%, Europe: 54.0%) and BP
(total cohort: 55.7%; United States: 57.6%; Europe:
52.5%). For each MetS criterion, the prevalence was sig-
nificantly (P � 0.001) higher in the United States than the

European cohort. The most pronounced difference was
seen in the FG criterion, with a prevalence of 44.3% in the
United States and 12.5% in Europe.

Table 2 summarizes the risk factors associated with
MetS at baseline. Patients aged 40 yr or older had a signif-
icantly higher risk of MetS than patients younger than 40 yr
(RR 1.34) after adjusting for gender, onset, and use of lipid-
regulating medication. Similarly, females had a significantly
higher risk than males (adjusted RR 1.15) and AO patients
higher than CO patients (adjusted RR 1.77). Crude RR for
MetS was significantly elevated in patients with GH defi-
ciency after pituitary adenoma (RR 1.18, P � 0.001), but the
significance disappeared after adjustment for confounders.
WedidnotfindincreasedprevalenceofMetSamongpatients
with craniopharyngioma, previous Cushing disease, or mul-
tiple pituitary hormone deficiencies.

MetS prevalence after 3 yr of GH replacement in
patients with AO GHD

Because of significant baseline differences between AO
and CO patients and the limited number of CO patients
with follow-up data, MetS prevalence after 3 yr of GH
treatment was assessed in AO patients (n � 346) only. This
GH-treated AO GHD group, when compared with the
remaining AO patients (n � 1749) of the baseline cohort
(n � 2531), was slightly older (52.7 � 13.2 vs. 51.1 � 13.5
yr, P � 0.043) but had comparable gender distributions
(53.5% male), body mass index (BMI) values (30.2 � 6.0
kg/m2; median: 29.5; Q1-Q3 range: 25.7–33.5) and MetS
prevalence (42.5% vs. 47.6%, P � 0.079). Also, there was
no statistically significant difference between U.S. and
European patients for age, distributions of gender, and

TABLE 1. Baseline demographics, clinical characteristics, and prevalence of MetS in the total HypoCCS cohort and
in the United States vs. European patients

Total cohort
(n � 2531)

United States
(n � 1111)

Europe
(n � 1420)

P value (United States vs.
European Union)

Age (yr, mean � SD)
All patients 47.7 � 15.3 50.5 � 15.0 45.6 � 15.3 �0.001
AO 51.4 � 13.4 52.8 � 13.4 50.1 � 13.3 �0.001
CO 30.2 � 11.6 32.0 � 13.3 29.5 � 10.7 0.037

Female/male (%) 46.2/53.8 44.7/55.3 47.3/52.7 0.195
AO/CO (%) 82.9/17.1 88.6/11.4 78.5/21.5 �0.001
BMI (kg/m2)

Mean � SD 29.9 � 6.8 31.8 � 7.2 28.4 � 6.1 �0.001
Median 30.6 27.5
Q1:Q3 interquartile range 26.7:35.5 24.3:31.2

MetS prevalence (%)
Total cohort crude 42.3 56.6 31.1 �0.001
Age adjusteda 51.8 28.6 �0.001
AO (n � 2095) crude 46.8 59.4 35.6 �0.001
Age adjusteda 54.6 30.7 �0.001
CO (n � 431) crude 20.6 35.4 14.5 �0.001
Age adjusteda 28.1 15.5 0.012

a Prevalence standardized to the world population age structure.

FIG. 1. Prevalence of individual MetS criteria at baseline in patients in
HypoCCS with AO GHD.
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type of GHD [isolated IGHD vs. multiple pituitary hor-
mone deficiency (MPHD)].

Baseline and yr 3 prevalence of MetS and individual cri-
teria in the GH-treated group overall and for U.S. and
European groups are presented in Fig. 2. Overall MetS prev-
alencedidnotchangesignificantly frombaseline toyr3(42.5
vs. 45.7%, P � 0.172). Corresponding values for the United
States were 65.6 and 68.8% (P � 0.467), and for Europe
33.6 and 36.8% (P � 0.248), respectively. For individual
MetS criteria, significant differences between baseline and yr
3 were seen for WC (from 62.1 to 56.9%, P � 0.008), FG
(from 26.0 to 32.4%, P � 0.001), and BP (from 59.8 to
69.7%, P � 0.001), with no significant change in lipids. For

U.S. and European GH-treated groups, the trends were par-
allel and consistent with those of the entire group.

Table 3 presents the RR of having MetS at yr 3 of GH
treatment for baseline variables and the GH dose. After
adjustment for age, gender, onset, and use of lipid-regu-
lating medication, significantly increased risk of MetS at
yr 3 was found in patients who had MetS (RR 4.09, 95%
CI 3.02–5.53, P � 0.001) and who were obese to overtly
obese (BMI � 30, RR 1.53, 95% CI 1.17–1.99, P � 0.002)
at baseline. Adjusted relative risk was not significant for
females vs. males (RR 1.16, P � 0.054) and for daily GH
dose. However, for GH dose the RR increased from 1.18
(P � 0.088) for patients taking 600 �g/d or greater to 1.23
(P � 0.058) for patients taking 720 �g/d or greater.

Discussion

We assessed the MetS prevalence in 2531 adult GHD pa-
tients in a large international surveillance database (16). The
crude MetS prevalence for the total cohort was high, at
42.3%, and the U.S. cohort had a significantly higher MetS
prevalencethantheEuropeancohort.Nogeneralpopulation
prevalence for MetS for the United States and Europe com-
bined was available for an overall comparison. In the U.S.
NHANES survey (17, 20), however, the age-adjusted prev-
alence rate for MetS using the same NCEP definition was
32.3%, which was 20 percentage points less than the stan-
dardized 51.8% seen in the U.S. HypoCCS cohort at base-

TABLE 2. Relative risk of baseline MetS in the total cohort (n � 2531)

Patients with
MetS (%)

Crude RR
(95% CI)

Crude
P value

Adjusted RR
(95% CI)a

Adjusted
P valuea

Age
�40 yr 48.8 1.75 (1.55–1.98) �0.001 1.34 (1.17–1.53) �0.001
�40 yr 27.9

Gender
Female 45.8 1.17 (1.06–1.28) 0.001 1.15 (1.05–1.25) 0.002
Male 39.3

Onset
AO 46.8 2.27 (1.87–2.74) �0.001 1.77 (1.44–2.18) �0.001
CO 20.7

GHD type
IGHD 43.9 1.05 (0.92–1.19) 0.507 1.09 (0.96–1.23) 0.181
MPHD 42.0

GHD cause
Adenoma 45.5 1.18 (1.07–1.31) �0.001 0.95 (0.87–1.05) 0.315
Craniopharyngioma 42.4 1.10 (0.94–1.29) 0.217 1.12 (0.97–1.29) 0.119
Any other cause 38.4

Previous Cushingb

Yes 46.2 0.99 (0.81–1.21) 0.900 1.02(0.84–1.23) 0.846
No 46.8

IGHD, Isolated GHD; MPHD, multiple pituitary hormone deficiency.
a After adjustment for age, gender, onset, and use of lipid-regulating medication.
b AO patients only.

FIG. 2. Prevalence of MetS and individual MetS components at
baseline and yr 3, overall (n � 346) and for U.S. (n � 96) and
European (n � 250) patients with AO GHD; P values are for changes in
overall prevalence between baseline and yr 3.
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line. This difference was even higher for AO patients alone,
in whom the standardized prevalence was 54.6%.

Although we could not find suitable MetS prevalence
from a European general population matching the Hy-
poCCS European patients for a direct comparison, recent
epidemiological studies using the NCEP-ATPIII definition
have reported prevalence in European cohorts ranging from
17%inSpain (23) to27%inGermany(24)and25.9%inthe
Diabetes Epidemiology: Collaborative Analysis of Diagnos-
tic Criteria in Europe study, which assessed nine different
European population-based cohorts aged 30–88 yr (25).
Also, a recent study using the NCEP-ATPIII definition in a
Dutch cohort of adult AO GHD patients found a MetS prev-
alence of 38.0%, more than doubled compared with age-
matched controls (26); this was relatively similar to the prev-
alence of 35.8% in the European AO GHD cohort in
HypoCCS. Thus, MetS prevalence is possibly also increased
in the European HypoCCS cohort, at least in AO patients.

The increased MetS prevalence in the HypoCCS pa-
tients compared with the general population may be as-
sociated with the metabolic abnormalities caused by GHD
(8). However, thepatients inHypoCCSsuffer frompituitary
disease, in which obesity and metabolic abnormalities may
also be caused by other hormonal deficiencies and/or differ-
ent mechanisms such as hypothalamic involvement. Consis-
tent with van der Klaauw et al. (26), we did not find within
the HypoCCS database that patients with MPHD, or spe-
cifically with craniopharyngioma or Cushing disease, had a
higher risk of having MetS, as suggested by other studies (27,
28).Thismightbeexplainedbythefact that thecurrentstudy
used a composite measure of MetS as the major outcome,
whereas other studies used individual metabolic and cardio-
vascular risk factors, which, taken alone, may have different

weight for prospective risk calculation than combined in the
MetS algorithm.

Ourdata,however, suggest that thepatientsanalyzed suf-
fered not only from the metabolic abnormalities caused by
GHD and possibly inadequate replacement therapy with L-
thyroxine, glucocorticoids, and sex steroids but also from
preexisting, GHD-independent conditions, notably obesity
and its consequences, and it would be difficult to establish to
whatextentMetS inan individualpatient inHypoCCSisdue
to GHD alone or preexisting obesity or both. Although the
difference in MetS prevalence between the United States and
Europe seen in HypoCCS may be partly explained by the
olderageand the lowerproportionofCOpatients in theU.S.
cohort, the main cause seems to be primarily the difference in
the background obesity prevalence. As a consequence, the
obesity phenotype of adult GHD patients is different in the
United States compared with Europe, which may also im-
ply different prospective cardiovascular and metabolic
risk. In the US HypoCCS cohort, the distribution of BMI
values indicated that almost 75% of U.S. patients were
overweight toobese, and in theNHANESsurvey, theprev-
alence of MetS steeply increased with increasing BMI,
even after adjustment for age and gender (17). Therefore,
it was not surprising that 41.3% of U.S. HypoCCS pa-
tients fulfilled the FG criterion because 51.3% of subjects
with a BMI 25.0 kg/m2 or greater were reported to have
impaired fasting glucose in the NHANES survey (29).

However, it should be noted that differences in obesity
and MetS epidemiology also exist between individual Eu-
ropean countries, and, accordingly, the prevalence of
MetS in adult patients with GHD may vary throughout
Europe. Therefore, country- or population-specific prev-
alence may significantly contribute to the prospective risk

TABLE 3. Relative risk of MetS at yr 3 of GH replacement in 346 AO GHD patients

Patients with
MetS (%)

Crude RR
(95% CI)

Crude
P value

Adjusted RR
(95% CI)a

Adjusted
P valuea

Age (yr)
�40 48.3 1.50 (1.01–2.24) 0.046 1.09 (0.82–1.44) 0.550
�40 32.1

Gender
Female 52.2 1.30 (1.04–1.64) 0.024 1.16 (1.00–1.35) 0.054
Male 40.0

BMI
�30 kg/m2 70.4 2.90 (2.20–3.81) �0.001 1.53 (1.17–1.99) 0.002
�30 kg/m2 24.3

Baseline MetS
Yes 81.6 4.27 (3.18–5.75) �0.001 4.09 (3.02–5.53) �0.001
No 19.1

GH dose
�600 �g/d 59.0 1.39 (1.08–1.78) 0.010 1.18 (0.98–1.44) 0.088
�600 �g/d 42.6
�720 �g/d 62.9 1.44 (1.09–1.92) 0.012 1.23 (0.99–1.52) 0.058
�720 �g/d

a After adjustment for age, gender, duration of GHD, use of lipid-regulating medication, and baseline MetS.
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of adult GHD patients and are likely to influence GH
treatment outcomes.

As in the general population, RR for MetS increased
significantly with age. In contrast to the general popula-
tion, in which gender differences have been inconsistent
across cohorts (10), the females in the present GHD cohort
had a higher RR for MetS. Such higher risk in females has
been reported in adult hypopituitary GHD patients (30,
31), and a recent study in 750 adult Swedish GHD patients
found an increased prevalence of type 2 diabetes mellitus
in women compared with men (32), suggesting that as-
pects specifically related to GHD or hypopituitarism may
contribute to this difference.

In our analysis, the RR for MetS was much higher in AO
thanCOGHDpatients.Onemajorreasonforthismaybethe
difference inagerangeofpatients inthetwoonsetgroups; the
majority of CO patients on adult follow-up in HypoCCS are
not older than 40 yr and thus have not reached an age at
which risk factors can be reliably evaluated (33). On the
other hand, due to the developmental nature of their condi-
tion (34), CO patients have been exposed to the conse-
quences of GHD and/or pituitary disease since childhood
and may have accumulated metabolic risk that is not iden-
tified by the thresholds for the individual MetS components
established in otherwise normal adult populations. In this
respect, it is noteworthy that available data on adult mor-
bidity and mortality of patients with CO GHD are presently
limited and inconsistent (33, 35, 36).

Due to the differences between AO and CO patients, we
assessed MetS prevalence after GH treatment in patients
with AO GHD only. In view of the established effects of
GH action and the favorable changes on metabolic ab-
normalities seen in many controlled studies in patients
with GHD (3), and their postulated effect on prospective
risk, the unchanged MetS prevalence after 3 yr of GH
replacement was an unexpected finding. However, no ef-
fect of GH replacement on MetS prevalence was also seen
by van der Klaauw et al. (26), and baseline MetS preva-
lence was the strongest predictor of prevalence at yr 3 of
GH therapy. Despite the baseline differences in MetS prev-
alence between the United States and Europe, the trends
over time with GH treatment in prevalence of MetS and of
its individual components were almost identical in the
overall cohort and in the United States and Europe sepa-
rately. In longitudinal population-based cohorts, persis-
tence of MetS has been found to be variable and influenced
by different factors such as aging, new treatment inter-
ventions (e.g. lipid regulating), or intraindividual variabil-
ity of laboratory measurements (37).

In our HypoCCS treatment cohort after 3 yr of GH
replacement no change in the lipid criteria was seen, but
there was a significant reduction in central obesity, par-

alleled by a significant increase in patients fulfilling the FG
and BP criteria. The limited but significant reduction in the
prevalence of the WC component may indeed reflect a GH
treatment effect, whereas the increased prevalence of the
FG and BP components could primarily be related to age-
ing of the treated patients (2). On the other hand, the
long-term effect of GH substitution on glucose homeosta-
sis in GH-deficient adults has been a matter of debate and
published data report improvement as well as deteriora-
tion of insulin sensitivity with prolonged GH treatment (3,
38–40). Besides aging, the increasing prevalence of the FG
MetS component with GH treatment may be related to
several factors, particularly the preexisting obesity be-
cause a BMI of 30 kg/m2 or greater was a strong predictor
of MetS prevalence at yr 3. The GH-induced effects may
not have been sufficient to affect MetS risk thresholds or,
alternatively, beneficial treatment effects on some MetS
criteria were canceled out by opposing directional changes
in others. Finally, the higher GH dose was weakly asso-
ciated with MetS prevalence at yr 3; although HypoCCS
patients are treated according to current clinical standards
and centralized IGF measurements are performed to
achieve optimal dose (16, 41, 42), the borderline signifi-
cance for the 90th percentile GH dose indicate that some
patients may have been on a dose higher than optimal. It
has been shown that GH overdosing, even if not excessive,
may affect FG in the presence of preexisting obesity (43,
44). Improvements in insulin sensitivity in adult GHD pa-
tient with GH replacement have been predominantly re-
ported in patients who were not overtly obese and on a
strictly low-dose regimen (45).

Our analysis has several limitations. MetS prevalence
was not assessed directly in a representative sample of all
adult patients with GHD but in an observational study
cohort of patients selected for GH treatment. Data sets in
observational study cohorts are often incomplete and in
fact for baseline prevalence assessment only about one
third, and for GH treatment effects only one seventh, of
patients from the HypoCCS database had sufficient data
for analysis. Therefore, although the number of patients
assessed was comparable with other published studies on
prospective risk from adult GHD surveillance databases
(46), we cannot rule out the possibility that subsets of
patients with different MetS risk have been excluded from
the prevalence calculations. Possibly they may have car-
ried higher MetS risk because patients with certain pre-
existingabnormalities, suchasglucose intolerance, tend to
be excluded from GH treatment. However, for prevalence
assessment after GH treatment, this selection bias was
likely to be limited because differences between the treat-
ment group and the remaining patients in the baseline
analysis were relatively small.
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Despite these limitations, the present analysis showed
that in adult patients with GHD enrolled into HypoCCS,
a database that reflects patients treated with GH, the prev-
alence of MetS and its individual components is high and
is higher in the United States compared with Europe and
that the metabolic phenotype of adult patients with GHD
differs between the two regions. With GH treatment, non-
uniform changes in component indices of the MetS were
seen; there were both beneficial and detrimental changes,
which collectively resulted in no net change in the overall
prevalence of MetS as defined by the criteria used. The
data, from a relatively large cohort of patients with AO
GHD, raise the question of what impact GHD and its
treatment may have on preexisting abnormal metabolic
status or obesity. The prospective metabolic and cardio-
vascular risk associated with the diagnosis of MetS has
been established in populations without GHD or pituitary
disease, and we can only speculate to what extent its pre-
dictive value is applicable to adult patients with GHD.
Despite GH replacement, the prevalence of MetS re-
mained unchanged in the treated cohort, suggesting that
GH intervention alone cannot affect MetS-associated risk
if other non-GHD factors contribute to it. The data con-
firm that aggressive treatment of these non-GHD-related
aspects may be required for measurable metabolic benefits
of GH replacement to be achieved.
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5. Bülow B, Hagmar L, Mikoczy Z, Nordstöm CH, Erfurth EM 1997
Increased cerebrovascular mortality in patients with hypopituitar-
ism. Clin Endocrinol 46:75–81

6. Tomlinson JW, Holden N, Hills RK, Wheatley K, Clayton RN,
Bates AS, Sheppard MC, Stewart PM 2001 Association between
premature mortality and hypopituitarism. Lancet 357:425–431

7. Bengtsson B-Å 1998 Untreated growth hormone deficiency explains
premature mortality in patients with hypopituitarism. Growth
Horm IGF Res 8(Suppl A):480–485

8. Johannsson G, Bengtsson BA 1999 Growth hormone and the met-
abolic syndrome. J Endocrinol Invest 22(Suppl 5):41–46

9. Ford ES 2005 Risks for all-cause mortality, cardiovascular disease,
and diabetes associated with the metabolic syndrome: a summary of
the evidence. Diabetes Care 28:1769–1778

10. Cornier MA, Dabalea A, Hernandez TL, Lindstrom RC, Steig AJ,
Stob NR, Van Pelt RE, Wang H, Eckel RH 2008 The metabolic
syndrome. Endocr Rev 29:777–822

11. Williams T, Berelowitz M, Joffe SN, Thorner MO, Rivier J, Vale W,
Frohman LA 1984 Impaired growth hormone responses to growth
hormone-releasing factor in obesity: a pituitary defect reversed with
weight reduction. N Engl J Med 311:1403–1407

12. Bonert VS, Elashoff JD, Barnett P, Melmed S 2004 Body mass index
determines evoked growth hormone (GH) responsiveness in normal
healthy male subjects: diagnostic caveat for adult GH deficiency.
J Clin Endocrinol Metab 89:3397–3401

13. Corneli G, Di Somma C, Baldelli R, Rovere S, Gasco V, Croce CG,
Grottoli S, Maccario M, Colao A, Lombardi G, Ghigo E, Camanni
F, Aimaretti G 2005 The cut-off limits of the GH response to GH-
releasing hormone-arginine test related to body mass index. Eur J
Endocrinol 153:257–264

14. The National Cholesterol Education Program (NCEP) Expert Panel
on Detection, Evaluation, and Treatment of High Blood Cholesterol
In Adults 2001 Executive summary of the third report of the Na-
tional Cholesterol Education Program (NCEP) Expert Panel on De-
tection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel III). JAMA 285:2486–2497

15. Grundy SM, Brewer Jr HB, Cleeman JI, Smith Jr SC, Lenfant C
2004 Definition of metabolic syndrome: report of the National
Heart, Lung, and Blood Institute/American Heart Association con-
ference on scientific issues related to definition. Arterioscler Thromb
Vasc Biol 24:e13–e18

80 Attanasio et al. Metabolic Syndrome in Adults with GHD J Clin Endocrinol Metab, January 2010, 95(1):74–81

 at Univ New South Wales Biomedical Library on January 28, 2010 jcem.endojournals.orgDownloaded from 

http://jcem.endojournals.org


16. Webb SM, Strasburger CJ, Mo D, Hartman ML, Melmed S, Jung H,
Blum WF, Attanasio AF, on behalf of the HypoCCS International
Advisory Board 2009 Changing patterns of the adult growth hor-
mone deficiency diagnosis documented in a decade-long global sur-
veillance database. J Clin Endocrinol Metab 94:392–399

17. Ford ES, Giles WH, Mokdad AH 2004 Increasing prevalence of the
metabolic syndrome among U.S. adults. Diabetes Care 27:2444–2449

18. Anderson RN, Rosenberg H 1998 Age standardization of death rates:
implementation of the year 2000 standard. Natl Vital Stat Rep 47:3

19. Breslow NE, Day NE 1994 Statistical methods in cancer research.
Vol II. The design and analysis of cohort studies (scientific publi-
cation, no. 82). Chapter 2. International Agency for Research on
Cancer, Lyons, France

20. http://seer.cancer.gov/popdata/index.html (accessed May 27, 2009)
21. McNutt LA, Wu C, Xue X, Hafner JP 2003 Estimating the relative

risk in cohort studies and clinical trials of common outcomes. Am J
Epidemiol 157:940–943

22. Spiegelman D, Hertzmark E 2005 Easy SAS calculations for risk or
prevalence ratios and differences. Am J Epidemiol 162:199–200

23. Martinez-Larrad MT, Fernandez-Perez C, Gonzalez-Sanchez JL,
Lopez A, Fernandez-Alvarez J, Reviriego J, Serrano-Rios M, Grupo
de Estudio de Atencion Primaria de Segovia 2005 Prevalence of the
metabolic syndrome (ATP-III criteria): population-based study of
rural and urban areas in the Spanish province of Segovia. Med Clin
(Barc) 125:481–486

24. Schneider S, Manolopoulos K, Klein HH 2007 Das metabolische
syndrom. Versicherungsmedizin 59:115–119

25. Qiao Q; DECODE Study Group 2006 Comparison of different defi-
nitions of the metabolic syndrome in relation to cardiovascular mor-
tality in European men and women. Diabetologia 49:2837–2846

26. van der Klaauw A, Biermasz NR, Feskens EJ, Bos MB, Smit JW,
Roelfsma F, Corssmit EP, Pijl H, Romijn JA, Pereira AM 2007 The
prevalence of the metabolic syndrome is increased in patients with
GH deficiency, irrespective of long term substitution with recom-
binant human GH. Eur J Endocrinol 156:455–454

27. Verhelst J, Kendall-Taylor P, Erfurth EM, Price DA, Geffner M,
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