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Sex Hormone Concentrations in Patients with
Rheumatoid Arthritis Are Not Normalized During 
12 Weeks of Anti-Tumor Necrosis Factor Therapy
RAINER H. STRAUB, PETER HÄRLE, FABIOLA ATZENI, CLAUDIA WEIDLER, MAURIZIO CUTOLO, 
and PIERCARLO SARZI-PUTTINI

ABSTRACT. Objective. Androgens such as dehydroepiandrosterone sulfate (DHEAS) and testosterone are
markedly lower in postmenopausal women with rheumatoid arthritis (RA) than in controls. In con-
trast, compared to controls, serum levels of estrogens are normal or elevated in women with RA.
Since tumor necrosis factor (TNF) alters production of these hormones, we investigated changes of
these hormones during anti-TNF antibody (anti-TNF) therapy with adalimumab in longstanding RA.
Methods. In this longitudinal anti-TNF therapy study in 13 patients with long-standing RA without
prior prednisolone (7 infusions of anti-TNF: Week 0, 2, 4, 6, 8, 10, and 12), we measured serum con-
centrations of interleukin 6 (IL-6), androstenedione, DHEA, DHEAS, free testosterone, estrone, and
17ß-estradiol. Levels of these hormones in patients were compared to serum levels of 31 age and sex
matched healthy controls.
Results. Upon treatment with anti-TNF, there was an impressive decrease of clinical markers of
inflammation, erythrocyte sedimentation rate, and serum levels of IL-6. Serum levels of DHEAS and
free testosterone were markedly lower at baseline in patients compared to controls, but this did not
change during anti-TNF therapy. Serum levels of DHEA and 17ß-estradiol were significantly ele-
vated in patients compared to controls, but similarly, anti-TNF therapy did not change initially
increased levels. Molar ratios of hormones, which reflect hormone shifts via converting enzymes,
showed typical alterations at baseline, but did not change markedly during anti-TNF therapy.
Conclusion. Longterm therapy with anti-TNF did not change altered serum levels of typical sex
hormones in patients with RA, although baseline values were largely different. In patients with RA,
this indicates that alterations of sex hormones and altered activity of respective converting enzymes
are imprinted for a long-lasting period over at least 12 weeks. (J Rheumatol 2005;32:1253–7)

Key Indexing Terms:
RHEUMATOID ARTHRITIS                    ADALIMUMAB            TUMOR NECROSIS FACTOR
SEX HORMONES                                      ESTROGEN                                        ANDROGEN

From the Department of Internal Medicine I, Laboratory of
Neuroendocrinoimmunology, University Medical Center, Regensburg,
Germany; Rheumatology Unit, University Hospital L. Sacco, Milan, Italy;
and Division of Rheumatology, Department of Internal Medicine and
Medical Specialties, University of Genova, Genova, Italy.

R.H. Straub and C. Weidler are supported by a grant from the Deutsche
Forschungsgemeinschaft (DFG Str 511/10-1). P. Sarzi-Puttini and F.
Atenzi were supported by Abbott SpA, Campoverde, Italy.

R.H. Straub, MD, Professor, Rheumatologist; P. Härle, MD,
Rheumatology Fellow; C. Weidler, PhD Student, Department of Internal
Medicine I, University Medical Center Regensburg; F. Atenzi, MD,
Rheumatology Fellow; P. Sarzi-Puttini, MD, Professor, Rheumatologist,
Rheumatology Unit, University Hospital L. Sacco; M. Cutolo, MD,
Professor, Rheumatologist, Division of Rheumatology, Department of
Internal Medicine and Medical Specialties, University of Genova.

Address reprint requests to Dr. R.H. Straub, Department of Internal
Medicine I, University Medical Center, D-93042 Regensburg, Germany.
E-mail: rainer.straub@klinik.uni-regensburg.de

Accepted for publication March 1, 2005.

Since their discovery in the early 1990s1, anti-tumor necro-
sis factor antibodies (anti-TNF) are now widely used as anti-
inflammatory therapy in patients with rheumatoid arthritis
(RA). The effect of anti-TNF therapy is most probably

direct neutralization of proinflammatory TNF. Recently, it
was pointed out that androgens in RA might play an antiin-
flammatory role, whereas estrogens, particularly 16-hydrox-
ylated estrogens, may be proinflammatory and mitogenic2.
However, effects of anti-TNF therapy on these sex hor-
mones are presently not known. Thus, we investigated the
effects of longterm anti-TNF therapy on serum concentra-
tions of typical sex hormones.

MATERIALS AND METHODS
Patients and blood samples. In this study of anti-TNF therapy with adali-
mumab (Abbott SpA, Campoverde di Aprilia, Italy), we included 13 post-
menopausal Caucasian women with long-standing RA3. Patients were
selected according to the inclusion criteria of the ReAct study4,5. No patient
had received parallel or prior (within 6 months before) prednisolone, and
additionally they received stable methotrexate but no other immunosup-
pressives (Table 1). Patients received 40 mg adalimumab subcutaneously
every other week. Adalimumab was infused on Week 0, 2, 4, 6, 8, 10, and
12. At baseline, Week 2, 6, and 12, patients were clinically investigated and
blood was drawn between 8:00 AM and 9:00 AM. Efficacy assessments
included American College of Rheumatology and European League of
Associations Against Rheumatism response criteria, as described4,5. The
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study was approved by the Ethics Committee of L. Sacco University
Hospital. For comparison, 31 healthy postmenopausal women were includ-
ed as controls.

Laboratory measures. Serum levels of dehydroepiandrosterone (DHEA;
Diagnostic Systems Laboratory, Webster, TX, USA), DHEAS (IBL,
Hamburg, Germany), androstenedione (ASD; IBL), free testosterone
(IBL), 17ß-estradiol (IBL), and estrone (IBL) were measured by ELISA.

Statistical analysis. Group medians were compared by the nonparametric
Mann-Whitney U test (SPSS). Change of a variable over time was analyzed
by nonparametric Friedman test (SPSS). p < 0.05 was the significance
level.

RESULTS
Clinical improvement under adalimumab therapy. Swollen
joint scores, tender joint scores, and pain visual analog scale
(VAS) measures decreased significantly from baseline to
Week 12 (swollen joint score, 9.3 ± 0.6 to 2.9 ± 0.6; p =
0.001; tender joint score, 10.9 ± 0.9 to 6.5 ± 0.6; p = 0.005;
pain VAS measure, 56.6 ± 5.3 to 25.9 ± 3.9; p = 0.003).
Similarly to others’ results5, this demonstrates significant
reduction of clinically assessed systemic inflammation by
adalimumab therapy.

Change of serum DHEA, DHEAS, and ASD. In these RA
patients without prior glucocorticoid therapy, we observed
increased serum levels of DHEA in comparison to controls
(Figure 1A). However, anti-TNF therapy over 12 weeks did
not lower serum levels (Figure 1A). Serum levels of
DHEAS were significantly decreased in RA patients com-
pared to controls and did not change during anti-TNF thera-
py (Figure 1B). The ratio of DHEAS/DHEA was signifi-
cantly decreased in relation to controls, but it did not

increase during the observation period (Figure 1C). Figure
1D depicts serum levels of ASD, which were similar in RA
patients and controls. In comparison to RA patients, controls
had 5 times increased ASD in relation to DHEA, and find-
ings did not change during anti-TNF therapy (Figure 1E).

Change of serum free testosterone in relation to ASD and
DHEA. Serum free testosterone was largely lower in RA
patients compared to controls, and did not change during
anti-TNF therapy (Figure 2A). A similar decrease in patients
compared to controls was observed for the ratio of free
testosterone/ASD and free testosterone/DHEA and did not
change during therapy (Figures 2B, 2C).

Change of 17ß-estradiol and estrone in relation to precur-
sor hormones. Serum levels of 17ß-estradiol were increased
in RA patients compared to controls and did not change dur-
ing therapy (Figure 3A). The ratio of 17ß-estradiol/free
testosterone indicates a hormone shift via the aromatase
complex. This ratio was largely higher in RA patients than
in controls and did not change during therapy (Figure 3B).
The ratios of 17ß-estradiol/DHEAS and 17ß-estradiol/ASD
were higher in RA patients compared to controls (Figures
3D, 3E). Only the ratio 17ß-estradiol/DHEA was somewhat
decreased during the observation period, but the mean val-
ues did not differ significantly from the ratio in controls
(Figure 3C, compare with the solid horizontal line).

DISCUSSION
TNF is able to modulate adrenal hormone production and
peripheral hormone conversion on very different levels in
different cell types such as adrenocortical cells6. We expect-
ed to observe normalization of these hormones during 12
weeks of anti-TNF therapy. However, largely altered serum
concentrations of adrenal androgen precursors and endpoint
sex hormones did not change during 12 weeks of anti-TNF
therapy.

In a recent study we indicated that aromatase activity was
increased in mixed synovial cells of patients with RA com-
pared to monocyte-derived macrophages of healthy con-
trols7. Others have demonstrated that TNF and interleukin 6
stimulate aromatase activity8. A recent study in male
patients with RA confirmed increased serum concentrations
of 17ß-estradiol were positively correlated with erythrocyte
sedimentation rate9. From these findings, it was likely that
anti-TNF therapy should reduce 17ß-estradiol in relation to
free testosterone and adrenal androgens. This is particularly
true because disease activity, measured by joint scores,
decreased markedly during adalimumab therapy.

Several reasons for this obvious discrepancy may exist:
(1) The neutralizing capacity of anti-TNF therapy in the tar-
get tissue was inadequate to restore these hormones. (2)
Anti-TNF antibodies do not neutralize TNF in the target tis-
sue, but influence other important proinflammatory immune
phenomena such as apoptosis10. (3) The amount of adrenal
and sex hormones from noninflamed tissue, such as fat tis-
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Table 1. Characteristics of patients and healthy controls. Data are given as
means ± SEM.

RA Patients, Controls,
n = 13 n = 31

Age, yrs (range) 58.2 ± 2.4 (48–73) 59.8 ± 1.7 (46–75)
Female/male 13/0 31/0
Disease duration, yrs (range) 6.5 ± 1.8 (0.5–20) NA
Baseline erythrocyte 
sedimentation rate, mm/h 32.6 ± 5.5 ND
Baseline C-reactive protein, mg/l 143.4 ± 52.3 ND
Baseline serum IL-6, pg/ml 23.2 ± 8.9** 2.1 ± 0.2
Positive rheumatoid factor (%) 13 (100) ND
Positive antinuclear antibodies (%) 0 (0) ND
Baseline swollen joint score, points 9.3 ± 0.6 NA
Baseline tender joint score, points 10.9 ± 0.9 NA
Baseline pain visual analog scale, 
points* 56.6 ± 5.2 NA
Additional therapy (%)

Prednisolone 0 (0) NA
Methotrexate, 13 (100) NA

mean weekly MTX, mg 8.7 ± 0.9 NA
NSAID (COX-1, COX-2) 12 (92) NA
COX-2 inhibitors 5 (38) NA

* Minimum = 0, maximum = 100. ** p < 0.001 vs controls. NA: not appli-
cable; ND: not determined.
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sue, may be much higher than expected, which would
unmask the effects of anti-TNF induced restoration of local
hormone secretion in inflamed tissue. (4) The hormonal dis-
sociation with an increase of 17ß-estradiol in relation to
androgens is imprinted for a considerably longer time than
12 weeks, as described11. (5) Under consideration of strong-
ly inflamed synovial tissue, TNF is not the sole modulator
of altered hormone production. (6) Hormonal changes may
be imprinted for a long time before the outbreak of RA, as
described for serum DHEAS12. These questions remain
unresolved at the moment, and future studies are needed to

determine the most important factors for elevated estrogen
and low levels of tissue testosterone.
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Figure 1. Course of adrenal androgens during 12 weeks of anti-TNF antibody therapy in RA patients. Baseline
values are given as timepoint 0. Graph shows serum levels of DHEA (A), DHEAS (B), ratio of DHEAS/DHEA
(C), androstenedione (ASD) (D), and ratio of ASD/DHEA (E). Data are given as means ± SEM. p value for
Friedman test is given. Broken lines indicate the mean (SEM) of healthy controls. *p = 0.02, ++p < 0.001, com-
parison of baseline values of RA patients vs controls.
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Figure 2. Course of free testosterone during 12 weeks of anti-TNF antibody therapy in RA patients. Baseline val-
ues are given as timepoint 0. Graph shows serum levels of free testosterone (A), ratio of free
testosterone/androstenedione (ASD) (B), and ratio of free testosterone/DHEA (C). Data are given as means ±
SEM. p value for Friedman test is given. Broken lines indicate mean (SEM) of healthy controls. ++p < 0.001 for
comparison of baseline values of RA patients vs controls.
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Figure 3. Course of 17ß-estradiol in relation to other hormones during 12 weeks of anti-TNF antibody therapy
in RA patients. Baseline values are given as timepoint 0. Graph shows serum levels of 17ß-estradiol (A), ratio of
17ß-estradiol/free testosterone (B), 17ß-estradiol/DHEA (C), 17ß-estradiol/DHEA sulfate (DHEAS) (D), and
17ß-estradiol/androstenedione (ASD) (E). Data are given as means ± SEM. p value for Friedman test is given.
Broken lines indicate mean (SEM) of healthy controls. ++p = 0.001 for comparison of baseline values of RA
patients vs controls.
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