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Prolactin and Growth Hormone Responses to
Hypoglycemia in Patients with Rheumatoid Arthritis
and Ankylosing Spondylitis
JOZEF ROVENSKY, RICHARD IMRICH, FRANTISEK MALIS, MARTIN ZLNAY, LADISLAV MACHO, 
JURAJ KOSKA, and MILAN VIGAS

ABSTRACT. Objective. Prolactin (PRL) and growth hormone (GH) are pituitary hormones with immunomodu-
lating properties. Their upregulated secretion may play a role in the pathogenesis of chronic inflam-
matory diseases. We evaluated PRL and GH responses to secretion stimulus in patients with rheuma-
toid arthritis (RA) and ankylosing spondylitis (AS).
Methods. Insulin hypoglycemia (0.1 IU/kg) was induced in 15 women with RA, 18 men with AS,
and healthy controls matched for age, sex and body mass index. Plasma concentrations of glucose,
PRL, GH, interleukin 6 (IL-6), and tumor necrosis factor alpha (TNF-α) were analyzed.
Results. RA patients had significantly lower area under the curve (AUC) of PRL (p = 0.049) com-
pared to RA controls. During hypoglycemia double or higher increase of plasma PRL occurred in 5
RA (33%) patients and in 8 RA controls (57%). Using the General Linear Model procedure, no sig-
nificant differences in PRL or GH responses were observed in patients with RA and AS. TNF-α was
higher in patients with RA compared to RA controls (p < 0.05). There was no significant difference
in TNF-α concentrations between AS patients and AS controls. IL-6 was higher in RA patients com-
pared to controls (p < 0.05) and in AS patients compared to controls (p < 0.01). Significant positive
correlation was found between TNF-α levels and AUC of PRL in AS patients (r = 0.46, p = 0.047),
but not in the 2 control groups or in RA patients.
Conclusion. Our results indicate no upregulated PRL or GH responses to stimulation in pre-
menopausal women with RA or men with AS. (J Rheumatol 2004;12:2418–21)
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Several lines of evidence suggest involvement of neuroen-
docrine perturbations in the pathogenesis of rheumatoid
arthritis (RA) and, hypothetically, also in ankylosing
spondylitis (AS)1-4. Although the autocrine/paracrine action
of prolactin (PRL) and growth hormone (GH) in the
immune system has been recognized for several years5,6,
production of these hormones by the pituitary may also par-
ticipate in modulation of immune response, and thus in the
control over the inflammatory process in RA and AS.

Dysregulated secretion of PRL under basal conditions or
during stress response has been suspected to contribute to
deterioration of the clinical course of RA7. Reports of

hyperprolactinemia found in about 40% of RA patients8, a
positive effect of PRL-lowering therapy9, and increased
demand for glucocorticoids in hyperprolactinemic RA
patients10 support this proposal. Investigations on dysregu-
lated stimulated PRL secretion yield conflicting results,
showing higher11,12, normal13, and, paradoxically, lower14

responses to various stimuli. In contrast to RA, there is a
paucity of data on the regulation of PRL and GH secretion
in AS.

We evaluated PRL and GH responses in premenopausal
women with RA and in men with AS, and analyzed the
responses with regard to patients’ inflammatory status.

MATERIALS AND METHODS
We studied 15 women with RA fulfilling the revised criteria of the
American College of Rheumatology15, and 18 men with AS (European
Spondylarthropathy Study Group criteria16). Fourteen female and 16 male
healthy volunteers matched for age and body mass index served as RA and
AS controls, respectively (Table 1). No patient or control had a history of
diabetes or impaired glucose tolerance. The disease activity of patients was
evaluated by clinical examination (number of affected and swollen joints,
duration of morning stiffness) and laboratory measures (erythrocyte sedi-
mentation rate, C-reactive protein). Patients’ RA and AS disease activity
was found to be low to moderate. No subject had been treated with anti-
tumor necrosis factor-α (TNF-α) agents or glucocorticoids during the past
5 years. All subjects gave informed written consent and the study was
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approved by the Ethical Committee of the National Institute of Rheumatic
Diseases.

The investigations started at 8:00 A.M. after an overnight fast. An
indwelling catheter was inserted into the cubital vein for blood sampling;
basal samples were drawn 30 min after inserting the catheter. Intravenous
injection of insulin (0.1 IU/kg; Actrapid HM, Novo Nordisk A/S,
Bagsvaerd, Denmark) was administered afterwards. At time intervals
shown in Figure 1 blood samples were collected into polyethylene tubes
containing EDTA. After centrifugation, plasma aliquots were stored at
–20°C until analyzed. PRL and GH were assayed by immunoradiometric
assay, IL-6 by radioimmuno assay, and TNF-α by ELISA kits (all by
Immunotech SA, Paris, France). Intraassay variation coefficients were
2.6% for PRL, 1.1% for GH, 6.1% for IL-6, and 8.6% for TNF-α.
Interassay variation coefficients were 6.8% for PRL, 13.6% for GH, 11.6%
for IL-6, and 12.4% for TNF-α. Plasma glucose was analyzed by the glu-
cose-oxidase method (Hitachi, Japan).

T-test for independent samples was used for between-group comparison
of basal values. The General Linear Model procedure was used to deter-
mine the differences in responses during hypoglycemia between patients
and controls (SPSS 11.01, SPSS Inc., Chicago, IL, USA). The frequency of
PRL responders in patients with RA and AS compared to the respective
control groups was assessed using the Fisher exact test (SigmaStat 2.0,
Jandel Corp., San Rafael, CA, USA).

All data were expressed as the mean ± SEM. The limit for statistical
significance was set at p < 0.05.

RESULTS
Glucose concentration in patients immediately before
insulin administration was not significantly different from
that in controls. After insulin administration all subjects had
sufficient decrease (> 50% of basal values at 30 min) of
plasma glucose. Insulin administration resulted in compara-
ble decrease of plasma glucose concentrations in RA
patients and RA controls (Figure 1). The general linear
model test revealed significant difference in the course of
the changes of plasma glucose in patients with AS (F = 3.3,
p < 0.01) compared to AS controls (Figure 2).

Resting PRL concentrations were within normal range in
all subjects, with no significant difference between patients
and controls. Insulin administration resulted in a significant
(p < 0.01) rise in PRL concentrations after 45 min in AS

patients and in both control groups, but not in RA patients 
(p = 0.069). The general linear model test did not reveal a
significant (F = 1.05, p = 0.39) interaction between the 2
factors (i.e., time × disease) of the PRL response to hypo-
glycemia as a dependent variable in the RA patient and con-
trol groups. The area under the response curve (AUC) for
PRL was lower in RA patients compared to RA controls 
(p = 0.049). The PRL response in AS patients was compara-
ble to that in AS controls. During hypoglycemia, a double or
higher increase of plasma PRL (the PRL responders)
occurred in 5 RA patients, 8 RA controls, 9 AS patients, and
15 AS controls. The frequency of PRL responders was not
significantly different in the RA and AS patients compared
to the respective control groups.

Basal GH concentrations as well as hypoglycemia
induced increases in plasma GH concentration were compa-
rable between the patients and the controls. Insulin adminis-
tration resulted in a significant (p < 0.001) rise in plasma
GH concentration in all groups of patients and controls
(Figures 1 and 2).

The concentration of TNF-α was higher in RA patients
compared to RA controls (8.0 ± 2.8 pg/ml in RA vs 1.1 ± 0.5
pg/ml in controls; p < 0.05). There was no significant dif-
ference in the TNF-α levels between AS patients and AS
controls. Positive correlation between TNF-α levels and the
AUC for PRL was found in AS patients (r = 0.46, p = 0.047;
Figure 3) but not in the control groups (r = –0.065, p = 0.81
in AS controls, r = –0.13, p = 0.73 in RA controls) or in
patients with RA (r = 0.11, p = 0.75).

The concentration of IL-6 was higher in RA patients
compared to RA controls (15.1 ± 6.7 pg/ml vs 1.4 ± 0.7
pg/ml; p < 0.05), and higher in AS patients compared to AS
controls (20.9 ± 3.82 pg/ml vs 5.9 ± 1.72 pg/ml; p < 0.01).

DISCUSSION
Considering the enhancing effects of PRL and GH on
inflammatory responses, their upregulated secretion from

Table 1. Basic characteristics of patients and healthy controls. Data are mean ± SEM. 

RA RA Controls AS AS Controls

N 15 14 18 16
Age, yrs 41.2 ± 1.5 44 ± 2.8 37.9 ± 1.8 34.4 ± 2.4
Male/female 0/15 0/14 18/0 16/0
Body mass index, kg/m2 21.6 ± 1.1 23 ± 1.1 23.7 ± 0.7 22.8 ± 0.6
Disease duration, yrs 8.2 ± 2.4 — 7.2 ± 1.9 —
Radiographic changes 2.3 ± 0.8* — 3.9 ± 1.2** —
ESR 20.3 ± 12 — 25.3 ± 4 —
C-reactive protein, ng/ml 15.4 ± 13 — — —
Rheumatoid factor, IU 936 ± 630 — — —
Patients taking NSAID 15 — 18 —
Patients taking methotrexate 10 — 3 —
Patients taking DMD 12 — 0 —

ESR: erythrocyte sedimentation rate, NSAID: nonsteroidal antiinflammatory drugs, DMD: disease modifying
drugs. * Steinbrocker criteria; ** sacroiliitis stage. 
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the pituitary may be implicated in the development of
chronic inflammatory diseases5,6. Evidence supporting the
hypothesis of upregulated secretion is, however, inconclu-
sive in the case of PRL11-14 and GH14,17. Our results in pre-
menopausal women with RA, together with our previous
findings on notably lower PRL responses to hypoglycemia
in different cohorts of older patients with RA14, do not indi-
cate upregulated secretion of PRL in RA.

A low AUC for PRL in RA patients compared to healthy
controls might suggest decreased secretion capacity of pitu-
itary PRL in RA patients. However, this result must be ana-
lyzed in context of the finding of a lower number of PRL
responders in the RA patient group compared to the RA con-
trol group. Rather than changes in PRL secretion itself, this
may be indicative of a higher threshold for PRL release to

Figure 1. Concentrations of prolactin (PRL; top panel), growth hormone
(GH; middle), and glucose (bottom) in plasma samples from 15 women
with RA and 14 healthy female controls (C-RA) during insulin induced
hypoglycemia. Data are means; error bars show SEM. Inset graphs show
values of AUC for PRL and GH from 0 to 90 min in patients and controls.

Figure 2. Concentrations of prolactin (PRL; top panel), growth hormone
(GH; middle), and glucose (bottom) in plasma samples from 18 men with
AS and 16 healthy male controls (C-AS) during insulin induced hypo-
glycemia. Data are means; error bars show SEM. Inset graphs show values
of AUC for PRL and GH from 0 to 90 min in patients and controls.
*Significant time × disease interaction (general linear model, F = 3.3, p <
0.01).
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hypoglycemia in RA patients, possibly due to altered regu-
lation of PRL release. Utilizing a stimulus acting directly on
the pituitary level, Gutierrez, et al observed normal respons-
es of PRL to thyrotropin-releasing hormone stimulation in
patients with early RA13. The results of that study13 support
our assumption of a normal capacity of the pituitary for PRL
secretion.

Difficulties in standardization of surgical stress as a stim-
ulus for PRL secretion, relatively small numbers of patients,
and stimulus-specificity might explain discrepancies report-
ed in other studies11,12. The 2 latter factors must be also
taken into account when analyzing GH responses in patients
with RA; they were comparable in our present study, but
higher in a different group of 38 patients with RA using the
same stimulus in our previous study14. In contrast, the
response of GH to growth hormone-releasing hormone
stimulation was found to be decreased in patients with
newly diagnosed untreated RA17.

Our study demonstrates for the first time the stimulated
responses of PRL and GH in patients AS, which were appar-
ently normal. Since the neuroendocrine and immune sys-
tems are profoundly linked by multiple interactions, it seems
rational to analyze the neuroendocrine responses within the
context of immune activity, especially in chronic inflamma-
tory diseases. Of note, the PRL response in patients with AS
was positively correlated with TNF-α concentrations.
Although this finding may be circumstantial, it may reflect
the complexity of neuroendocrine-immune relations that
deserves further investigation.
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Figure 3. Scattergram with regression lines of correlations between AUC
for prolactin (PRL) and TNF-α concentrations in 18 men with AS and 16
controls (C-AS).
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