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Summary

We estimated the influence of GH deficiency (GHD) in adults on chosen risk factors of cardiovas-
cular disease and bone density.

Fifty-four adults (mean age: 50.4 years) with hypopituitarism were studied. We measured blood
pressure, body mass index, waist-to-hip ratio, total body fat, and bone mineral density and the se-
rum levels of lipids, glucose, insulin, pituitary hormones, estradiol, testosteron, and thyroxine, and
the excretion of free cortisol in 24-h urine. GHD was confirmed with the insulin intravenous test
(IIT) with a GH response to IIT of <3 pg/ml. The control group consisted of 73 healthy adults.

Increased levels of LDL-cholesterol and triglycerides and decreased levels of HDL-cholesterol in
the GHD group were observed. Fasting serum glucose and insulin levels were significantly higher
in the GHD group than in controls. Significant differences in the QUICKI and FIRI indexes were
observed. Twenty-three percent of the hypopituitary patients were hypertensive and 65% were
obese. The percentage of total body fat was significantly higher in the studied group than in con-
trols. Thirtyseven percent of the GHD patients were osteoporotic and 23% were osteopenic.

An atherogenic lipid profile, insulin resistance, obesity, and increased body and trunk fat in GHD
adults may cause the higher risk of cardiovascular disease in these patients. GHD adults should re-
ceive human recombinant GH along with conventional replacement therapy. This may be a use-
ful method in protecting against early onset of atherosclerosis, metabolic disturbances, and oste-
oporosis, especially in young patients.
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BACKGROUND

Recent studies have drawn attention to the negative conse-
quences of growth hormone deficiency (GHD) in adults with
hypopituitarism [1-3]. The most frequent causes of GHD in
adults are pituitary tumors (mainly macroadenomas), side
effects of neurosurgery or pituitary irradiation, tumor he-
morrhages, inflammation, granuloma, and cancer metastas-
es. Clinical manifestations of adults-onset GHD consist of
weakness, fatigue, low mood, reduced activity, and no inter-
est in appearance, family, and work. Hypopituitary patients
with GHD demonstrate a reduction in lean body mass, in-
creased subcutaneous and visceral fat, muscle atrophy and
reduced strength, skin pallor, scalp-hair thinning, and loss
of axillary and pubic hair [4,5]. Hypopituitary patients have
an increased risk of mortality and cardiovascular disease.
This increase in mortality has been attributed to the higher
prevalence of risk factors for atherosclerosis, such as dyslip-
idemia, decreased plasma firinolytic activity, and increased
prevalence of insulin resistance [1,2,4-7]. These observa-
tion have been used to support the use of GH replacement
therapy with human recombinant growth hormone to de-
crease the risk of premature mortality and to improve quali-
ty of life. The aim of the study was to estimate the influence
of GH deficiency in adults on chosen risk factors of cardi-
ovascular disease and bone mineral density.

MATERIAL AND METHODS

Fifty-four adults with hypopituitarism and GH deficiency,
aged 20-65 years (29 females and 25 males), were studied.
The control group consisted of 73 healthy, age-matched
persons (47 females and 26 males). The causes of hypopi-
tuitarism in studied group are presented in Table 1. Four
patients were additionally irradiated after neurosurgical
treatment.

Pituitary function was examined by measuring the serum lev-
els of GH, prolactin (PRL), adrenocorticotropin (ACTH),
thyreotropin (TSH), gonadotropins (LH and FSH), and hor-
mones excreted from endocrine glands subjected to pituitary
control, i.e. cortisol in a diurnal rhythm and free cortisol in
24-h urine, dehydroepiandrosterone sulfate (DHEA-S), tes-
tosterone (T), estradiol (E2), and free thyroxine (fT4). Fifty-
one of the patients were gonadotropin deficient, 41 TSH
deficient, and 33 ACTH deficient. All gonadotropin-insuffi-
cient females of fertile age and males received sex hormone
treatment. ACTH- and TSH-deficient patients were treated
with glucocorticoids (hydrocortisone acetate, 20-30 mg/day)
and thyroid hormones (levothyroxine, 0.050-0.150 mg/day).
Treatment with antidiuretic hormone analog (desmopressin,
0.1-0.4 mg/day, orally) was given to nine patients with dia-
betes insipidus. The serum hormone levels in the GHD pa-
tients are presented in Table 2. All the patients received ad-
equate hormone replacement for hormone deficits before
the testing of GH secretion.

The insulin tolerance test (ITT) was used to established
GHD. 0.1 U/kg of regular insulin (Actrapid) was admin-
istered i.v. with a target blood glucose level of less than
40 mg/dl. The levels of GH was estimated before and 10, 30,
60, 90, and 120 min after insulin bolus. GHD was defined
by a peak GH response to ITT of less than 3 pg/1. In all pa-
tients, blood pressure (BP), waist-to-hip ratio (WHR), body

Table 1. The sources of hypopituitarism.

Causes of hypopituitasrism and GHD  Number of patients

1. Postoperative hypopituitarism 43
— suprasellar macroadenoma without 35
hormonal function (4: craniopharyngioma)
— macroprolactinoma 3
— microprolactinoma 1
— ACTH - dependent Cushing’s syndrome 4
— intracranial tumors (meningeoma) 2
2. Native-GHD 3
3. Idiopathic hypopituitarism 2
4. Tuberculosis 1
5. Empty sella syndrome 1
6.Trauma 1

7. Postpartum pituitary necrosis — Sheehan
syndrome

mass index (BMI), body mass density (BMD), and percent
of total and trunk fat mass (using dual photo X-ray absorp-
tiometry) were examined. Blood samples to measure total
cholesterol (T-chol), low-density cholesterol (LDL-chol),
high-density cholesterol (HDIL-chol), triglycerides (TG), glu-
cose, insulin, and electrolytes were collected after an over-
night fast. We used commercial kits to measure the above
parameters. The level of LDL-chol was calculated from the
Freidewald formula [8]. Insulin resistance was evaluated
using the fasting insulin resistance index (FIRI) and the
quantitative insulin sensitivity check index (QUICKI) ac-
cording to the following validated formulae: FIRI = [G0
(mmol/1) + 10 (mU/1)/25] and QUICKI = 1/[log(I10) +
log(GO0)], where I0 is fasting insulin in pU/ml and GO is
fasting glucose in mg/dl. Lumbar and femoral bone min-
eral density (BMD) was evaluated by means of dual energy
x-ray absorptiometry (DEXA) method (densitometer DPX
(+) Lunar, USA).

Statistical analysis

Results are expressed as mean +SD, and statistical compar-
isons were made using student’s t-test and Wilcoxon’s rank
sum test. The Pearson’s and the Spearman’s correlation
tests were used to determine the relationship between var-
iables. Differences were considered to be statistically signif-
icant when a p value of less than 0.05 was obtained.

RESULTS

In physical examination, 23% of our patients and 22% of
controls were hypertensive. Mean values of systolic blood
pressure were 132+18 mm Hg in men and 142414 mm Hg
in women, diastolic blood pressure values were, respective-
ly, 85+10 mm Hg and 90+8 mm Hg. Mean blood pressure
was 112.4+11.7 and was significantly higher (p<0.01) than
in the control group, who had 105.7+13.2 mm Hg. Sixty-five
percent of the GHD adults were obese (BMI >25-30 kg/m?),
but the BMI was not significantly different that of healthy
age-matched controls (Table 3). The results of total body
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Table 2. Hormone levels in 54 GHD adults and 73 controls.

GHD patients (n=54)

Controls (n=73)

Median Range Median Range P
TSH (mU/1) 0.9 0.14-5.9 1.5 0.5-3.5 <0.0005
freeT4 (pmol/I 12.0 6.2-24.0 135 10.0-19.0 0.04
PRL (ug/1) 43 0.1-46.0 9.0 2.0-15.0 0.0002
FSH (U/1) 1.0 0.1-12.0 12.0 3.7-50.0 0.00001
LH (u/1) 1.0 0.1-15.0 10.0 2.9-40.0 0.00001
DHEA-S (pg/dI) 35.0 30.0-284.0 190.0 80.0-260.0 0.00001
Table 3. Antropometric data (mean +5D) in GHD adults and controls.
Characteristic Controls (n=73) GHD adults (n=54) P
Range Mean +5D Range Mean +5D
Age (yr)
25-65 50.4+9.5 20-65 46.3£11.9 NS
Body mass index (kg/m?) 27.3+5.6 27.3+51 NS
% of fat mass 348+87 38.8+8.2 0.038
% of trunk fat 32.8+6.5 37.9+7.0 0.036
Waist-to-hip ratio 0.82+0.1 0.940.1 <0.01
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Figure 1. The correlation between plasma fasting insulin and body fat
r=0.46, p<0.001, n=53.
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Figure 2. The correlation between total fat and insulin sensitivity
r=—0.46, p<0.001, n=>53.

Figure 3. The correlation between total fat contribution and insulin
resistance r=0.47, p<0.001, n=53.

dual energy x-ray absorptiometry were compared in both
groups. The percentage of total and abdominal fat mass in
our patients was significantly higher than in controls, re-
gardless of sex (Table 3). We observed that the amount of
trunk fat significantly positively correlated with insulin plas-
ma concentration (Figure 1) and FIRI (Figure 3) and neg-
atively correlated with QUICKI (Figure 2). The WHR was
significantly higher in the hypopituitary patients than in
the age-matched healthy controls (Table 3).

The results of lipids investigation (total cholesterol, triglyc-
erides, LDL-cholesterol, and HDL-cholesterol) in the GHD
adults and the controls are presented in Table 4. The serum
concentrations of total cholesterol in both GHD patients
and controls were not significantly different. The HDL-chol
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Table 4. Biochemical data (mean +SD) in 54 GHD adults and 73 controls.

Variable Controls GHD - adults P

Total cholesterol (mg/dl) 227.3+40.0 238.8+47.8 NS
HDL-chol (mg/dl) 53.5+13.5 39.2+8.7 <0.01
LDL-chol (mg/dl) 143.3+38.2 164.7+48.8 <0.05
Triglycerides (mg /dI) 129.2+61.5 181.7+8.29 <0.001
Fasting glucose (mg/dl) 88.5+13.0 92.6+8.9 <0.05
Fasting insulin (uU/ml) 10.616.3 21.6+7.1 <0.001
FIRI 25413 44+16 <0.001
QUICKI 0.26£0.05 0.1£0.01 <0.001

level was lower and the TG level higher in hypopituitary pa-
tients than in controls. The differences were statistically sig-
nificant. The level of LDL-chol was significantly higher in
GHD women, while in men the difference was not statisti-
cally significant. The mean serum fasting levels of glucose,
insulin, as well as QUICKI and FIRI in the examined group
and in controls are shown in Table 4. Serum glucose and
insulin concentrations were significantly higher in the hy-
popituitary patients than in the control group. BMD meas-
ured at the lumbar spine revealed that 37% of hypopitui-
tary patients were osteoporotic (T-score <-2.5 SD) and 23%
were osteopenic (Tscore —1.5-2.5 SD). In the control group
these values were 15% and 8%, respectively.

DiscussION

In 1992, Cuneo et al. reviewed the consequences of growth
deficiency during adult life and coined the term “growth
hormone deficiency (GHD) syndrome in adults” [9]. Life
expectancy in hypopituitary patients under routine replace-
ment treatment was previously assumed to be normal. Rosen
and Bengtsson were the first to demonstrate decreased life
expectancy in these group of patients [10]. The increased
mortality in GHD adults has been attributed to a high preva-
lence of risk factors of atherosclerosis, such as dyslipidemia,
hypertension, and increased hip-to-waist ratio. However, we
must remember that the data were obtained from heter-
ogenous cohorts of patients with GH deficiency of varying
etiology, often in a setting of panhypopituitarism requiring
multiple pituitary hormone replacement, which may itself
affect metabolic and cardiovascular indexes [3].

In our group of patients we observed lipid disturbances.
The levels of LDL-chol and triglycerides were significant-
ly higher and that of HDL-chol significantly lower than in
controls. The levels of LDL-chol were especially high in hy-
popituitary women and were significantly different from
those of the healthy women in the control group. Lipid al-
terations were observed in both older and younger hypop-
ituitary females with GHD by AlL- Shoumer et al. [in 2] and
seemed to be independent of sex hormone or glucocorti-
coid replacement. Our observations confirmed the results
of White [11] and Ishibashi [12], who demonstrated in-
creased serum levels of TG and normal or decreased levels
of HDL-chol in hypopituitary patients. Wuster et al. report-
ed that 77% of adult hypopituitary patients had abnormal

lipid profiles [in 3], and Rosen et al. [13] showed that plas-
ma triglyceride levels in GHD patients were higher, but that
the total cholesterol levels were not statistically different
from those in controls. Thus plasma lipid profile with in-
creased LDL-chol and TG and decreased HDL-chol consti-
tutes a vascular risk. In one investigation by Beshyah [3],
these abnormalities were more marked in women, which
is in agreement with our findings.

Studies in both rats and humans have shown an important ef-
fect of GH on hepatic cholesterol metabolism. The administra-
tion of growth hormone up-regulates hepatic LDL-chol recep-
tors, thereby increasing the clearance of LDL-chol by the liver
[14]. The increase in plasma cholesterol with age or hypop-
ituitarism is at least partially secondary to the GHD-induced
decrease in LDL receptor activity [15]. This effect does not
seem to be mediated by IGF-1 [16]. A reduction in the number
and/or activity of these receptors could have contributed to
the high LDL~chol levels in our patients. Thyroid hormones
also influence serum lipids and lipoproteins. However, replace-
ment therapy with different doses of levothyroxine in hypothy-
roid subjects did not cause a significant decrease in HDL-chol
levels, even if the serum free T4 levels were elevated above the
normal reference range [2]. In our study, serum levels of free
T4 in GHD patients were within the normal range.

Central obesity may contribute to the atherogenic lipid pro-
file. The levels of HDL-chol and TG observed in our patients
were not different from the lipid profile classically associ-
ated with central obesity. The importance of obesity as an
independent risk factor for vascular disease has been em-
phasized, although the distribution of body fat seems to be
the most important aspect here. Central obesity is associat-
ed with increased vascular mortality and morbidity and with
risk factors for vascular disease, such as hyperlipidemia and
insulin resistance. Total fat mass and trunk fat in our study
group was greater than in the age- and body-weight-matched
controls. This is consistent with the findings of other authors
[8,7]. Increased abdominal fat mass was evaluated in GHD
adults by indirect methods such as measurement of the waist-
to-hip ratio (WHR). This parameter was significantly high-
er in hypopituitary patients than in controls.

Mean fasting glucose and insulin plasma concentrations were
significantly higher in the GHD patients. QUICKI was sig-
nificantly lower and FIRI significantly higher in the patient
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group than in controls. These results indicate a decrease in
insulin sensitivity in GHD adults. Our data support the ob-
servations by Cuneo [in 3] and Weaver [7]. They observed
that the fasting plasma immunoreactive insulin concentra-
tion was higher in hypopituitary adults in comparison with
the reference ranges in their studies. Untreated hypopitu-
itarism in men was a cause of increased insulin sensitivity
in study by Besyach [3]. The cause of insulin sensitivity re-
duction in GHD patients is not clear, but the role of obesi-
ty may be important. It has been demonstrated that fasting
plasma insulin levels correlate significantly with BMI and
WHR, and with total body fat mass and central body fat
mass [17,18]. We observed a positive correlation between
the amount of abdominal fat mass and insulin concentra-
tion. It has been suggested that insulin resistance is respon-
sible for the typical lipid profile observed in the obese and
hypertensive population [19,20] and in patients with hypo-
pituitarism and abdominal obesity who are receiving other
pituitary hormone replacement [3].

Twenty-three percent of our patients were hypertensive, as
in control group, but the mean values of blood pressure
were significantly higher in the GHD patients. Some authors
[3,21,22] found no significant difference between the prev-
alence of treated hypertension in GHD patients and in con-
trols, but others observed an increased frequency of treat-
ed hypertension in hypopituitary patients compared with
the population at large. The increased prevalence of hyper-
tension compared with normal populations may reflect the
medical attention which patients receive [3]. The findings
of Barrheto-Filho et al. demonstrated that in a genetically
homogenous group of GH-native adult patients with GHD
due to a null GHRHR mutation, lifelong isolated GHD is
associated with central obesity, lipid disturbances, and in-
creased systolic blood pressure [16]. There is information
that perturbations in the sympathetic nervous system may
be anticipated in adults with hypopituitarism and untreated
GH deficiency because the syndrome is associated with both
peripheral and central factors known to modulate sympa-
thetic traffic. Low levels of IGF-1 may contribute to hyper-
tension by activating the sympathetic nervous system. The
intense sympathetic discharge is suggested to be of central
origin and may be an important underlying mechanism
for secondary hypertension in the increased cardiovascular
morbidity/mortality in GHD patients [16,22].

Reduced bone mineral density (BMD) has been reported
in patients with isolated GH deficiency or with multiple pi-
tuitary hormone deficiencies (MPHD). Colao et al. showed
a significant reduction in BMD associated with abnormali-
ties in bone turnover parameters only in patients with very
severe or severe GHD and normal BMD in non-GHD hypo-
pituitary patients [23]. All of our hypopituitary patients had
severe (GH in IIT <3) GHD, and 60% of them were osteo-
penic and/or osteoporotic in comparison with the control
group, where a decrease in BMD was seen in only 23% of
those examined. It is known that suboptimal GH replace-
ment therapy during childhood is a major cause of osteo-
penia in young adults with childhood-onset GHD. In ado-
lescents with GHD who normally discontinue GH therapy
at completion of linear growth, BMD is substantially lower
than the peak bone mass (PBM) in the young adult popu-
lation [24]. These data suggest that GH treatment leads to
improved bone density and that patients may require pro-

longed GH treatment beyond the time of growth to improve
PBM. Cessation of GH at achievement of final height, with
limiting PBM, may predispose to clinically significant oste-
oporosis in later life, also by a superimposed accelerated
loss of BMD with advancing age similar to the situation ob-
served in adult-onset GHD [24]. Some authors assert that
the bone abnormalities result from non-optimal thyroid, go-
nadal, and adrenal hormone replacement therapy [25,26].
In our patients, proper replacement therapy was given when
TSH, T4, ACTH, gonadotrophins, estradiol, or testoster-
on were deficient. This suggests that it is GHD per se, rath-
er than inadequate or supraphysiological replacement of
deficient anterior pituitary hormones, which is the cause
of the low bone mass.

CONCLUSIONS

Hypopituitary adults with GH deficiency demonstrate an
atherogenic lipid profile, insulin resistance, obesity, and
higher total body and trunk fat than healthy controls. GH
deficiency may cause the higher risk of cardiovascular mor-
bidity and mortality in these group of patients. This investi-
gation suggest that GHD adults with hypopituitarism should
receive human recombinant GH together with convention-
al replacement therapy. GH replacement therapy, especial-
ly in young patients, may be regarded as a useful method to
protect against the onset of atherosclerosis, metabolic dis-
turbances, and osteoporosis.

REFERENCES:

—

. Seppard MC, Steward PM: Association between premature mor-
tality and hypopituitarism. West Midlands Prospective Hypopituitary
Study Group, Lancet, 2001, 357: 425-31

. Bulow B, Hagmar L, Eskilsson ], Erfurth EM: Hypopituitary fe-
males have a high incidence of cardiovascular morbidity and an in-
creased prevalence of cardiovascular risk factors. J Clin Endocrinol
Metab, 2000; 85: 574-84

. Beshyah SA, Johnston DG: Cardiovascular disease and risk fac-
tors in adults with hypopituitarism. Clin Endocrinol, 1999; 50: 1-15

no

o

4. Coalo A, Di Somma C, Salerno M et al: The cardiovascular
risk of GH-deficient adolescents. ] Clin Endocrinol Metab, 2002; 87:
3650-55

. Shalet SM, Toogood A, Rahim A, Brennann B: The diagnosis of
growth hormone deficiency in children and adults. Endocrine Reviews,
1998; 19: 203-23

. Caroll PV, Christ R, Bengtsson BA et al: Growth hormone defi-
ciency in adulthood and effect of growth hormone replacement: a re-
view. J Clin Endocrinol Metab, 1998; 83: 382-95

. Weaver JU, Monson JP, Noonan K et al: The effect of low dose
of recombinant human growth hormone replacement on regional fat
distribution, insulin sensitivity and cardiovascular risk factors in hypo-
pituitary adults. ] Clin Enndocrinol Metab, 1995; 80: 153-59
8. Nowicka G, Klosiewicz-Latoszek L: Atherosclerosis. III. Laboratory

diagnostics of dyslipoproteinemia [Miazdzyca. ITI. Diagnostyka
Laboratoryjna dyslipoproteinemii]. Wiad Lek, 1985, XXXVIII, 16:
1179-84
9. Cuneo RC, Salomon F, Mc Gauley GA, Sonksen PH: Growth

hormone deficiency syndrome in adults. Clin Endocrinol, 1992; 37:
387-97

10. Rosen T, Bengtsson BA: Premature mortality due to cardiovascular dis-
case in hypopituitarism. Lancet, 1990; 336; 285-88

11. White RM, Schaefer E]J, Papadopoulos NM: The effect of growth hor-
mone administration on lipids and lipoproteins in growth hormone
deficient patients. Proceedings of the Society of Experimental Biology
and Medicine, 1983; 173: 63-67

12. Ishibashi S, Maurase T, Yamada N et al: Hyperlipidemia in patients with

hypopituitarism. Acta Endocrinologica, 1985; 110: 45660

ot

=2}

~

CR79



Clinical Research

Med Sci Monit, 2006; 12(2): CR75-80

13.

14.

15.

Rosen T, Eden S, Larson G et al: Cardiovascular risk factors in growth
hormone deficient adults. Acta Endocrinol, 1993; 129: 195-200

Angelin B, Rudling M: Cholesterol and lipoprotein metabolism. Curr
Opin Lipidol, 1994; 5: 160-65

Hoogerbrugge N, Jansen H, Staels B et al: Growth hormone normal-
izes low density lipoprotein receptor gene expression in hypothyroid
rats. Metabolism, 1996; 45: 680-85

. Barrheto-Filho JAS, Alcantara MRS, Salvatori R et al: Familial isolated

growth hormone deficiency is associated with increased systolic blood
pressure, central obesity and dyslipidemia. ] Clin Endocrinol Metab,
2002; 87: 2018-23

. Page RC, Levy J, Turner RC: Obesity associated insulin resistance oc-

curs in hypopituitary subjects. Diab Med, 1994; 11: 862-65

. Salomon F, Cuneo RC, Umpleby AM, Sonksen PH: Interactions of body

fat and muscle mass with substrate concentrations and fasting insulin
levels in adults with growth hormone deficiency. Clinic Science, 1994;
87:201-6

. Nicholas SB: Lipid disorders in obesity. Curr Hypertens Rep, 1999; 1:

131-36

20.

22.

23.

24.

25.

26.

Pouliot MC, Dspres JP, Nadean A et al: Visceral obesity in men.
Associations with glucose tolerance, plasma insulin and lipoprotein
levels. Diabetes, 1992; 41: 826-34

. Markussis V, Beshyah SA, Fischer C et al: Detection of premature athero-

sclerosis by high-resolution ultrasonography in symptom free hypopi-
tuitary adults. Lancet, 1992; 340; 1188-92

Sverrisdottir YB, Elam M, Herlitz H et al: Intense sympathetic nerve ac-
tivity in adults with hypopituitarism and untreated growth hormone de-
ficiency. ] Clin Endocrinol Metab, 1998; 83: 1881-85

Coalo A, Di Somma C, Pivonello R et. al: Bone loss is correlated to the
severity of growth hormone deficiency in adult patients with hypopitu-
itarism. J Clin Endocrinol Metab, 1999; 84: 1919-24

Antoniazzi F, Zamboni G, Bertoldo F et al: Bone development dur-
ing GH and GnRH analog treatment. Europ ] Endocrinol, 2004; 151:
47-54

De Boer H, Blok GJ, Popp-Snijders C et al: Intestinal calcium absorp-
tion and bone metabolism in young adult men with childhood-onset
growth hormone deficiency. ] Bone Metab Res, 1998; 13: 245-52

Ohlsson C, Bengtsson BA, Isaakson OG et al: Growth hormone and
bone. Endocr Reyv, 1998; 19: 55-79

CR80



Index Copernicus

Global Scientific Information Systems
for Scientists by Scientists

INDEX

COPERNICUS

www.IndexCopernicus.com

Fr} = e e e ] ) INTE RNATIONAL
THTH # [ WEen I cirnh drde st spa acss. fom g gk =g
INDEX @\ Lo II’I:'I{NI{.'L'b: —

e e Wor_ 1 1 (204 131

EVALUATION & BENCHMARKING

PROFILED INFORMATION

NETWORKING & COOPERATION

VIRTUAL RESEARCH GROUPS

Index

Copernicus

integrates

IC Journal Master List

Scientific literature database,
including abstracts, full text,
and journal ranking.
Instructions for authors
available from selected journals.

IC Conferences

Effective search tool for
worldwide medical conferences
and local meetings.

A v O R B B e 04 F0

B Pemiefie: B b fapmert weel Sarie | i

Effective search tool for
collaborators worldwide.
Provides easy global
networking for scientists.
C.V.'s and dossiers on selected
scientists available. Increase
your professional visibility.

Provides information on patent
registration process, patent offices
and other legal issues. Provides
links to companies that may want
to license or purchase a patent.

IC Crant Awareness

Need grant assistance?
Step-by-step information on
how to apply for a grant. Provides
a list of grant institutions and
their requirements.

PATENTS

CLINICAL TRIALS

STRATECIC & FINANCIAL DECISIONS

IC Virtual Research Groups [VRG]

Web-based complete research
environment which enables researchers
to work on one project from distant

locations. VRG provides:

@ customizable and individually
self-tailored electronic research
protocols and data capture tools,

(@ statistical analysis and report
creation tools,

@ profiled information on literature,
publications, grants and patents
related to the research project,

@ administration tools.

IC Lab & Clinical Trial Register

Provides list of on-going laboratory
or clinical trials, including

research summaries and calls for
co-investigators.



