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Context: Serum levels of the sex steroid prohormones dehydroepiandrosterone (DHEA) and DHEA
sulfate (DHEA-S) decline upon aging and are reduced in primary Sjogren’s syndrome.

Objective: Our aim was to investigate: 1) effects of 50 mg oral DHEA/day on changes in serum levels
of DHEA and 12 of its metabolites; 2) relationships between steroid levels and disease character-
istics; and 3) whether these parameters were influenced by DHEA.

Design: Twenty-three postmenopausal women with primary Sjogren’s syndrome and subnormal
levels of DHEA-Swere included in arandomized, 9-month, controlled, double blind crossover study.
Liquid chromatography/mass spectrometry (MS)/MS and gas chromatography/MS were used to
measure the sex steroids. Anti-SS-A/Ro and/or anti-SS-B/La, salivary gland focus score, salivary flow
rates, dry mouth and eye symptoms, and routine laboratory tests were assessed.

Results: Baseline erythrocyte sedimentation rate was inversely correlated with testosterone
(Testo), dihydrotestosterone, and DHEA-S (r, = —0.42, —0.45, and —0.58, respectively). Dry mouth
symptoms correlated with low Testo and androstenedione, whereas dry eyes correlated with low
estrogens, most strongly estrone (r, = —0.63). Presence of anti-SS-A and/or anti-SS-B was inde-
pendently associated with low estradiol (area under the receiver operating characteristic curve,
0.82). All metabolites increased during DHEA but not during placebo. The relative increases were
less for estrogens and Testo compared to dihydrotestosterone and glucuronidated androgen me-
tabolites. Dry mouth symptoms decreased during DHEA therapy.

Conclusions: Disease manifestations in primary Sjogren’s syndrome were associated with low sex
hormone levels, dry mouth symptoms with low androgens, and dry eyes with low estrogens.
Exogenous DHEA was preferentially transformed into androgens rather than into estrogens. (J Clin
Endocrinol Metab 94: 2044-2051, 2009)
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rimary Sjogren’s syndrome is an autoimmune disease de-
P scribed as a form of “epithelitis” or an exocrinopathy (1).
Most of the patients develop their disease at the age of 40-50 yr,
and the female:male ratio is about 9:1 (2). Salivary and lacrimal
gland involvement is prominent and is associated with decreased
production of saliva and tears, often resulting in severe symp-
toms of dryness in the mouth and eyes. In addition, the criteria
of primary Sjogren’s syndrome include immunological abnor-
malities demonstrated as lymphocyte and plasma cell infiltrates
in labial gland biopsies and/or the presence of antibodies to SS-
A/Ro and/or SS-B/La in serum (3).

Reduced serum concentration of dehydroepiandrosterone
sulfate (DHEA-S), the precursor sex steroid hormone, has been
described in rheumatoid arthritis (4, 5), systemic lupus erythem-
atosus (6), as well as in Sjogren’s (7-9) compared with healthy
controls. There is evidence of hypofunctioning of the hypotha-
lamic-pituitary-adrenal axis in women with primary Sjogren’s
syndrome, as shown by a selective failure to produce DHEA-S
after stimulation of the hypothalamic-pituitary-adrenal axis
with CRH (7).

Humans have adrenal glands that secrete large amounts of
dehydroepiandrosterone (DHEA), and especially DHEA-S.
DHEA-S per se has no effect, but after its conversion to DHEA
in peripheral tissues, DHEA is intracellularly processed, yielding
active androgens and/or estrogens. All the enzymes required to
transform DHEA into androgens and/or estrogens are expressed
in many peripheral target tissues to make the sex hormones lo-
cally (10). This field of endocrinology has been called intracri-
nology (10).

The metabolism of oral and percutaneously administrated
DHEA in women has recently been measured. The serum con-
centration of DHEA and nine to 11 of its metabolites was
analyzed by liquid chromatography (LC)/mass spectrometry
(MS)/MS and gas chromatography (GC)/MS. DHEA was pref-
erentially transformed into androgens rather than into estro-
gens (11-13).

The role of the adrenal precursors, DHEA-S and DHEA, and
the peripheral formation of active sex hormones is more impor-
tantin women than in men because in men androgen secretion by
the testes continues throughout life, whereas in women, estrogen
secretion by the ovaries ceases at menopause (10).

Against this background, it can be hypothesized that the de-
clining serum DHEA and DHEA-S during aging (14) in combi-
nation with even more suppressed levels of the hormones in pri-
mary Sjogren’s syndrome (7) as well as decreased production of
estrogens by the ovaries could be involved in the female predom-
inance, age of onset, and/or disease course in patients with
Sjogren’s. We therefore believed that the primary Sjogren’s syn-
drome patients might benefit from DHEA supplementation.

The aim of this randomized, double-blinded, controlled trial
was to investigate the effects of oral administration of 50 mg
DHEA/d on changes of concentrations in serum of DHEA and 12
of its sex-steroid metabolites in postmenopausal women with
primary Sjogren’s syndrome with subnormal baseline serum val-
ues of DHEA-S. In addition, we wanted to examine whether
there was a significant relationship between the hormonal levels
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and disease-related parameters and to find out whether these
disease characteristics were influenced by DHEA therapy.

Patients and Methods

Patients

Patients with primary Sjogren’s syndrome between 18 and 80 yr of
age were identified from registers in two rheumatology clinics in Western
Sweden. In this report, only results of postmenopausal women without
hormone replacement therapy are reported. Patients were invited to par-
ticipate in a randomized, placebo-controlled, double-blind study with a
crossover and washout design. One group received 50 mg DHEA orally
every morning, and the other group received placebo for 4 months fol-
lowed by a 1-month washout; thereafter a new 4-month DHEA/placebo
period was initiated.

The University Pharmacy (Helsinki, Finland) produced, bottled, and
labeled ex tempore 50 mg DHEA tablets and identical placebo tablets
according to good manufacturing practice (GMP) standards. DHEA
(C1oH,40,, European Commission no. 200-175-5) was produced by
Diosynth B.V. (Akzo Nobel, TD Oss, The Netherlands) according to
GMP standards.

Before inclusion in the trial, a radioimmunometric assay was used for
the quantitative determination of serum levels of DHEA-S (Diagnostic
Products Corporation, Los Angeles, CA). Only women with serum levels
of DHEA-S at least lower than the average levels in corresponding age
ranges from a series of 81 healthy adult women (18-30 yr, 2.29 pg/ml;
31-50 yr, 1.47 pg/ml; 51-80 yr, 1.15 pg/ml) and with severe fatigue
assessed by the Multidimensional Fatigue Inventory (MFI-20) (15, 16)
with a score of at least 14 in general fatigue were included in the trial.

The mean serum value of DHEA-S in the 23 included women was
0.58 ug/ml = 0.34 sp, median value was 0.52 ug/ml, and the minimum
and maximum values were 0.052 and 1.22 pg/ml, respectively. Four
women were no more than 50 yr old. The mean value of these four
women was 0.86 ug/ml = 0.40 sp, median value was 0.92 pug/ml, and the
minimum and maximum values were 0.37 and 1.22 ug/ml, respectively.
Nineteen women were at least 51 yr old. The mean value of these 19
women was 0.52 ug/ml = 0.30 sp, median value was 0.48 ug/ml, and the
minimum and maximum values were 0.052 and 1.14 pg/ml, respectively.
Patients fulfilled the revised European criteria for primary Sjogren’s syn-
drome (3). Patients with a history of breast cancer and/or uterine cancer,
previous stroke or known diathesis for thrombosis, difficult acne, or a
significant liver disease and patients with changes in treatment with dis-
ease-modifying antirheumatic drugs (DMARD) and/ or changes in low-
dose glucocorticosteroids taken for Sjogren’s during the previous 3
months were excluded from the trial, as were patients taking more than
10 mg prednisolone per day.

Antibodies to SS-A/Ro and SS-B/La antigens had previously been
tested at the Department of Clinical Immunology, Sahlgrenska Univer-
sity Hospital. Histological evaluations of the minor salivary glands were
performed in the past, and the intensity of sialoadenitis was evaluated by
the number of focal lymphocytic inflammation (foci) per 4 mm? of glan-
dular tissue.

Biochemical analyses of blood samples

Venous blood samples were drawn between 0900 and 1100 h at
baselineand at4, 5,and 9 months and were stored at —20 C until the time
of analysis. Erythrocyte sedimentation rate (ESR), C-reactive protein,
hemoglobin (Hb), white blood cell (WBC) count, and alanine amino-
transferase (ALT) were analyzed consecutively by routine laboratory
techniques at the Department of Clinical Chemistry, Sahlgrenska Uni-
versity Hospital. The patients were instructed to take their study medi-
cation in the mornings but not to take it in the follow-up mornings.

GOMS

The validated GC/MS system was used for the analysis of DHEA
(limit of detection, 0.10 ng/ml), 5-androstene-38, 17B-diol (5-DIOL)
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(limit of detection, 30 pg/ml), androstenedione (4-DIONE) (limit of de-
tection, 0.05 ng/ml), androsterone (ADT) (limit of detection, 20.00 pg/
ml), testosterone (Testo) (limit of detection, 0.02 ng/ml), dihydrotestos-
terone (DHT) (limit of detection, 5.00 pg/ml), estrone (E;) (limit of
detection, 5.00 pg/ml), and 17B-estradiol (E,) (limit of detection, 1.00
pg/ml) by a 50% phenyl-methyl polysiloxane (DB-17HT) capillary col-
umn (30 m X 0.25 mm internal diameter, 0.15 um film thickness) with
helium as the carrier gas. The analytes and internal standard were de-
tected using a HP5973 quadrupole mass spectrometer equipped with a
chemical ionization source.

Lo/MS

The validated LC/MS/MS system was used for the analysis of
DHEA-S (limit of detection, 0.075 pg/ml), E, sulfate (E;-S) (limit of
detection, 0.075 ng/ml), ADT glucuronide (ADT-G) (limit of detection,
2.00 ng/ml), androstane-3a, 17B-diol-3glucuronide (3G) (limit of de-
tection, 0.50 ng/ml), and androstane-3«, 17B-diol-17glucuronide (17G)
(limit of detection, 0.50 ng/ml) by a method using TurbolonSpray.

The baseline values of DHEA-S measured by LC/MS/MS corre-
sponded well with the serum levels of DHEA-S measured by radioim-
munometric assay before inclusion in the study (r, = 0.93; P < 0.001).
Baseline values of DHEA-S measured by LC/MS/MS were as follows:
mean, 0.52 ug/ml = 0.35.sD; median, 0.41 wg/ml; minimum, 0.08 pg/ml;
maximum, 1.24 pg/ml.

Collection of saliva

Saliva samples were collected by dentists at all visits. Unstimulated
whole saliva was collected for 15 min by the draining method, and stim-
ulated saliva was collected for 5 min after 1 min of prestimulation by
paraffin chewing (17).

Questionnaires

Visual Analog Scale (VAS) was used to evaluate patients’ self-per-
ceived symptoms of dryness in mouth and eyes. The patients were asked:
1) How dry does your mouth feel most of the time (not dry at all, 0 mm;
dry as a desert, 100 mm)? 2) How much discomfort do you feel in your
mouth (no discomfort, 0 mm; worst possible discomfort, 100 mm)? 3)
How dry do your eyes feel most of the time (not dry at all, 0 mm; very
dry, 100 mm)? Pain during the preceding week (not at all, 0 mm; worst
possible, 100 mm) and global health (very good, 0 mm; very bad, 100
mm) were assessed by VAS.

Ethical aspects

All patients gave informed written consent according to the Decla-
ration of Helsinki. The study was approved by the Regional Ethics
Committee.

Statistical analysis

Analyses were performed using SPSS version 11.0 (SPSS Inc., Chi-
cago, IL). Descriptive statistics are presented as mean and sb values. Most
of the data were not normally distributed. Spearman’s rank correlation
coefficients (r,) were used to assess correlations. Logistic regression anal-
ysis was performed with antibodies to SS-A and/or SS-B as the dependent
variable and metabolites significantly correlated to the presence of an-
tibodies as covariates. A forward conditional method was used. A re-
ceiver operating characteristic curve was calculated with antibodies to
SS-A and/or SS-B as the stated variable. Mann-Whitney U test was used
for comparisons between groups, and Wilcoxon rank sum test was used
for analyzing changes within groups. Analyses were done according to
the intention to treat method. Fisher’s exact test was used to compare
categorical variables. All tests with a two-tailed P value <0.05 were
considered statistically significant.

Sex Hormones in Primary Sjogren’s Syndrome

J Clin Endocrinol Metab, June 2009, 94(6):2044-2051

Results

Patients

In Table 1, characteristics of the patients at baseline are dis-
played. Thirteen patients were randomized to initial DHEA
treatment and 10 to initial placebo. There were no significant
baseline differences between these groups concerning the vari-
ables in Table 1 or DHEA and its metabolites. At study entry,
four (17%) patients were taking single DMARD, three hydroxy-
chloroquine/chloroquine phosphate, and one cyclosporin A.
One (4%) of the patients was on glucocorticosteroids and one
(4%) on a combination with prednisolone and azathioprine. The
mean dose of corticosteroids was 3 mg prednisolone per day. All
the patients had ocular and oral symptoms of mucosal dryness.
Eighteen of 20 women who had undergone minor salivary gland
biopsy had focal sialoadenitis. Sixteen of 21 women who had
been examined by an ophthalmologist had keratoconjunctivitis
sicca (KCS). Ten women were able to produce unstimulated sa-
liva, whereas 19 were able to produce stimulated saliva.

Two patients experienced adverse events resulting in discon-
tinuation of the study drug: one woman due to increase in nightly
calf cramps during DHEA, and the other to a suspected transi-
tory ischemic attack during placebo. Other reported adverse
events during the DHEA period were acne and increase in per-
spiration (one patient), increase in nightly dreams (one patient),
depressiveness (one patient), dizziness (one patient), and hirsut-
ism (one patient); and during the placebo period were gastric
pain (one patient) and headache (one patient). The dropouts
were followed until the end of the study, and the code was broken
when all patients had completed the trial.

TABLE 1. Characteristics of 23 postmenopausal women with
primary Sjogren’s syndrome

Characteristics

Age (yr) 60.7 + 8.6
Height (cm) 160.5 = 20.4
Weight (kg) 76.2 =21.6
No. of years with SS diagnosis 6.0+58
No. of years since symptoms debuted 135+ 7.2
ESR (mm/h) 183 =123
Hb (g/ml) 141.0 = 9.5
WBC (10%/liter) 6.1 1.5
ALT (ucat/liter) 0.36 £ 0.16
Antibodies to SS-A and/or SS-B (yes:no) 11:12
KCS (yes:no) 16:5
Focal sialoadenitis (yes:no) 18:2
Unstimulated salivary flow (yes:no)

Unstimulated salivary flow rate (ml/15 min) 0.98 = 0.90

Stimulated salivary flow (yes:no) 19:3

Stimulated salivary flow rate (ml/5 min) 2.41 + 2.51
Dry mouth symptoms (VAS, mm) 77.7 £16.2
Dry mouth discomfort (VAS, mm) 70.0 = 22.7
Dry eye symptoms (VAS, mm) 70.0 = 18.6
Pain (VAS, mm) 583 +21.4
Global health (VAS, mm) 47.8 = 20.6
DMARD (yes:no) 5:18
Prednisolone (yes:no) 2:21
T, substitution (yes:no) 6:17

Values represent means =+ sb. Numbers of patients with available data are shown

in parentheses.
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FIG. 1. A schematic presentation of DHEA and its metabolites. Results of the
bolded metabolites are reported.

Associations between serum levels of sex steroids and
disease-related variables at baseline

Figure 1 shows a schematic presentation of the metabolism of
androgen precursors into bioactive androgens, estrogens, and
glucuronidated androgen metabolites.

In Table 2, the Spearman’s correlation coefficient values be-
tween the sex steroids and some disease-related and demo-
graphic data are indicated. ESR was moderately inversely cor-
related with serum Testo and DHT and more strongly with
DHEA-S (r, = —0.58; P < 0.01; Fig. 2). The presence of anti-
bodies to SS-A/Ro or SS-B/La antigens or both was connected
with low levels of most of the studied steroids, including the
glucuronidated androgen metabolites. KCS was associated with
low levels of 4-DIONE and Testo. Aspects of sicca symptoms in
the mouth were associated with low Testo and 4-DIONE levels,
whereas sicca symptoms of the eyes were associated with low
levels of all measured estrogens, most strongly with E; (r, =
—0.63; P < 0.01; Fig. 2).

A multiple logistic regression analysis was performed to find
out the most important hormones associated with the presence
of SS-A and/or SS-B antibodies. Covariates were the significant
variables in Table 2, and the dependent variable was SS-A and/or
SS-B antibodies (yes or no). After multiple logistic regression
analyses, only E, remained independently significantly associ-
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FIG. 2. Scatter diagrams of DHEA-S and ESR (A) and E, and dry eye symptoms
assessed by VAS (B); 0 mm indicates not dry at all, and 100 mm indicates very
dry. The regression lines are inserted, and Spearman’s correlation coefficients (r,)
are given.

ated with the antibodies. Area under the receiver operating char-
acteristic curve for E, was 0.82 (95% confidence interval,
0.64-0.99).

The intensity of inflammation in the minor salivary glands
(number of foci score/4 mm?) was correlated to the sex steroids.
No significant associations were found, except a correlation of
borderline significance to 17G (r,= —0.42; P = 0.07). There was
a borderline significance between the number of the foci and
the degree of discomfort in the mouth (r, = 0.42; P = 0.07).
High intensity of salivary gland inflammation was associated
with the presence of SS-A and/or SS-B antibodies (r, = 0.47;
P = 0.0395).

Associations between changes in sex steroids

Table 3 shows the correlations between the alterations in
serum concentrations of DHEA and DHEA-S and changes in the
other sex steroids during the 4-month treatment with DHEA.
The strongest correlations were found between DHEA and the
precursor hormones 5-DIOL, 4-DIONE, ADT, and glucu-
ronidated androgen metabolites.

TABLE 2. Spearman’s correlation coefficients (r,) at baseline between demographic and disease-related variables and serum
levels of DHEA-S, DHEA, androgens, estrogens, and glucuronidated androgen metabolites in 23 postmenopausal women with

primary Sjogren’s syndrome

DHEA DHEA-S 5-DIOL 4-DIONE ADT Testo  DHT E, E,-S E, ADT-G 3G 17G
Weight 022 0.02 0.29 0.31 0.09 0.39 0.12 0.26 0.43° 0.59° 0.21 0.32 0.50°
ESR -0.36 —-0.58" -034 -038 -034 -0.42° -0.45" -0.11 -022 -0.10 -0.13 -0.22 -0.18
SS-A and/or -0.41 -0.39 -0.50° -0.49° -0.46° -0.51° -0.25 -0.42° -0.55° -0.55° -0.45° -0.56° -0.54°
SS-B
KCS -036 -030 -020 -0.55° -0.15 -0.45° -0.13 -039 -036 -0.26 —0.22 0.06 —0.10
Dry mouth -0.04 -0.06 -0.08 -036 -0.07 -0.42° -0.17 -024 -0.09 -0.10 0.05 -0.07 -0.04
symptoms
Dry mouth -0.16 —-0.07 -0.18 -0.44° -028 -032 -029 -036 -0.14 -0.18 -0.22 -0.12 -0.07
discomfort
Dry eye -0.04 -001 -0.10 -032 -0.12 -030 -022 =-0.63" -0.47° -0.47° -0.11 —-029 -0.06
symptoms
T, substitution —0.37 -—0.48 —-040 -0.37 -025 -—0.54° —-0.39 0.45° -038 -033 -030 -0.28 -0.34

Significant correlations are in boldface.
2P <0.05.
bp<0.01.
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TABLE 3. Spearman’s correlation coefficients (r,) between the 4-month changes in serum levels of DHEA-S and DHEA and changes in the other hormones during treatment

with DHEA in 23 postmenopausal women with primary Sjogren’s syndrome

A 17G
0.46°
0.26

A 3G
0.58°
0.45°

A ADT-G

AE,

A ADT A Testo A DHT AE, AE,-S
0.44° 0.48°
0.17

0.66°
0.36

A DHEA-S A 5-DIOL A 4-DIONE

A DHEA

0.62°
0.44°

0.38

0.41
0.44°

0.40
0.30

0.56° 0.73 0.69°
1.00 0.50°

1.00

A DHEA

Sex Hormones in Primary Sjogren’s Syndrome

0.36

0.69°

0.53°

0.56°

A DHEA-S

Significant correlations are in boldface.

2P < 0.05.
bp<0.01.

€P<0.001.
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The effect of DHEA substitution on sex steroids

Table 4 shows the serum concentrations of the different hor-
mones and metabolites during the DHEA and placebo periods.
All sex steroids were highly significantly increased by DHEA
treatment. The percentage increases in estrogens were smaller in
comparison with the increase in precursor hormones, DHT, and
androgen metabolites. The median increases during the DHEA
treatment period were: DHEA, 260%; DHEA-S, 900%;
5-DIOL, 340%; 4-DIONE, 180%; ADT, 770%; Testo, 100%;
DHT, 470%;E,, 80%;E,-S, 70%; E,, 70%; ADT-G, 1780%; 3G,
1220%; and 17G, 790%.

The effect of DHEA substitution on disease-related
variables

The symptoms of dryness in the mouth decreased significantly
(P < 0.05) by 14% during the DHEA period. When the differ-
ences during DHEA and during placebo were compared, a ten-
dency of larger reduction during DHEA treatment was found
(P = 0.07). The discomfort in the mouth also decreased during
DHEA therapy, although not significantly (P = 0.055; Table 4).

Discussion

In this study, we have examined whether there was any associ-
ation between the precursor hormone DHEA and 12 of its me-
tabolites and disease-specific and inflammation-related charac-
teristics in postmenopausal women with primary Sjogren’s
syndrome. Interestingly, we found (to the best of our knowledge)
for the first time that disease characteristics were associated with
low levels of sex steroids. We found that ESR was significantly
inversely correlated with DHEA-S, Testo, and DHT. Almost
50% of the women in our study had antibodies to SS-A and/or
SS-B. To have at least one of these autoantibodies was signifi-
cantly associated with lower serum levels of both androgens and
estrogens. The multiple logistic regression analysis with SS-A
and/or SS-B antibodies as the dependent variable revealed that
low E, was independently connected with the presence of the
antibody/antibodies.

The patients’ subjective experience of dryness in the mouth
was inversely connected with serum levels of Testo and 4-DI-
ONE. These results are interesting because previous animal stud-
ies have indicated that androgens have profound effects on the
murine submandibular glands (18-20). Also, it was recently dis-
covered thatandrogen deprivation in salivary glands in Sjogren’s
syndrome patients leads to low salivary levels of DHEA and
low levels of DHEA-regulated salivary cysteine-rich secretory
protein-3 (9).

Concerning the eyes, androgens appear to modulate lipid pro-
duction and gene expression in mouse and/or rabbit meibomian
glands, and antiandrogen therapy in men is associated with mei-
bomian gland disease (21). We found that KCS was associated
with both low 4-DIONE and Testo, but the patients’ self-per-
ceived dryness of the eyes was exclusively related to low levels of
all of the estrogens measured, most strongly to low E, the most
abundant active estrogen in postmenopausal women. In support
of the significance of this finding, another study showed that
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TABLE 4. The effects of DHEA and placebo treatment on
serum levels of androgen precursors, androgens, estrogens,
and glucuronidated androgen metabolites and on disease-
related variables in 23 postmenopausal women with primary
Sjogren’s syndrome

Sex steroids

and disease-
related
variables Month 0 Month 4 Differences (4-0)
DHEA-S (ug/ml)
DHEA 0.52 £ 0.37 412 £ 1.55 3.59 + 1.49%F
Placebo 0.52 + 0.35 0.51 +0.31 —-0.011+0.13
DHEA (ng/ml)
DHEA 1.59 +1.12 5.45 + 2.20 3.86 = 1.87F
Placebo 1.67 £ 1.38 1.70 = 1.25 0.024 £ 0.57
5-DIOL (pg/ml)
DHEA 2282 = 149.7 8415 * 2743 613.3 = 263.8%"
Placebo 2286 + 1449 260.4 = 197.3 31.8+ 726
4-DIONE (ng/ml)
DHEA 0.37 £ 0.25 0.94 + 0.39 0.58 + 0.29%"
Placebo 0.39 + 0.27 0.37 = 0.22 —-0.01 =£0.13
ADT (pg/ml)
DHEA 115.0 £ 87.5 868.2 +496.8 753.1 + 496.1<F
Placebo 112.3 +88.6 107.6 +86.2 —4.71 =255
Testo (ng/ml)
DHEA 0.16 = 0.10 0.34 =+ 0.14 0.18 + 0.11¢f
Placebo 0.16 = 0.09 0.17 = 0.12 0.02 = 0.04
DHT (pg/ml)
DHEA 38.1+326 1785+81.4 140.4 + 75.57
Placebo 37.6 = 31.1 38.8 = 35.6 1.17 £ 5.89
Ey (pg/ml)
DHEA 20.3 £ 121 32.7 140 12.4 + 12127
Placebo 20.1 £10.2 216 116 1.5+54
E,-S (ng/ml)
DHEA 0.23+020 0.38 +0.31 0.14 + 0.175F
Placebo 0.21 +£0.17 0.24 +0.20 0.032 = 0.074
E; (pg/ml)
DHEA 421305 11.64 = 1565 7.43 + 15.38%"
Placebo 496 + 3.79 5.82 +5.42 0.87 + 5.65
ADT-G (ng/ml)
DHEA 16.8 £ 20.5 266.9 + 196.3  250.1 = 186.1"
Placebo 18.6 + 25.8 17.3+22.0 —1.29 =432
3G (ng/ml)
DHEA 0.68 + 0.36 8.79 + 4.77 8.11 = 4.73f
Placebo 0.71 = 0.41 0.69 +0.36 —-0.011+0.14
17G (ng/ml)
DHEA 0.64+033 580+376 5.17 + 3.69%7
Placebo 0.65 + 0.38 0.63+0.39 —0.029 +0.13
ESR (mm/h)
DHEA 183+ 11.8 20.0 + 13.6 1.7 +6.7
Placebo 18.0+11.8 195+ 11.0 1.4 +3.79
Hb (g/ml)
DHEA 1409 = 9.1 1421 +£11.4 2+59
Placebo 143.6 = 9.0 142.1 £ 8.6 -15%x56
WBC (10%/liter)
DHEA 6.1 =17 6.8+23 0.67 £ 1.29¢
Placebo 6.5+ 1.8 6.5+ 2.1 0.04 = 1.3
ALT (ucat/liter)
DHEA 0.38 £ 0.16 0.31 £ 0.16 —0.06 + 0.13
Placebo 0.38 +0.18 0.36 + 0.16 —0.03 +£0.13
Dry mouth
symptoms
(VAS, mm)
DHEA 77.7 £16.6 67.1 + 23.0 —10.6 = 21.1¢
Placebo 746 + 18.3 729 + 193 -19+126
(Continued)
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TABLE 4. Continued

Sex steroids
and disease-
related

variables Month 4

Month 0 Differences (4-0)

Dry mouth
discomfort
(VAS, mm)

DHEA
Placebo

Dry eye
symptoms
(VAS, mm)

DHEA
Placebo

69.8 = 20.1
64.1 £ 20.5

623 *21.4
62.8 +19.8

—7.6 £234
-0.3*16.2

67.6 * 23.1
71.3£16.8

69.4 = 19.0
68.1 +19.2

1.9*+17.4
-3.1x118

Values represent means = sp.

2 P < 0.05 for the comparison with change during placebo.
b p<0.01 for the comparison with change during placebo.
€ P < 0.001 for the comparison with change during placebo.
9 P < 0.05 for the comparisons with baseline.

€ P < 0.01 for the comparisons with baseline.

P < 0.001 for the comparisons with baseline.

treatment of menopausal KCS with topical E, ophthalmic drops
improved ocular symptoms and Schirmer’s test results (22). Ac-
cordingly, the importance of estrogen is also worthy in Sjogren’s,
and a study evaluating the effects of topical E, ophthalmic drops
in primary Sjogren’s syndrome is encouraged; a trial of systemic
low-dose estrogen might also be interesting.

DHEA and all the measured 12 metabolites increased signif-
icantly during the 4-month treatment with 50 mg DHEA/day
orally, whereas the serum levels of the steroids remained stable
during placebo. It is well known that treatment with glucocor-
ticosteroids suppresses the secretion of adrenal androgens. How-
ever, only two women in this study were treated with low- dose
prednisolone, and if these two women were excluded the effects
of DHEA on sex steroids remained similar. Labrie et al. (11-13)
have previously measured the bioavailability and metabolism of
oral and percutaneous DHEA administration in healthy post-
menopausal women. In the study of oral DHEA treatment, 12
healthy 60- to 70-yr-old women received two capsules of 50 mg
DHEA in the morning for 14 d. The baseline mean hormonal
levels in that study were DHEA, 2.3 ng/ml; DHEA-S, 0.4 pug/ml;
5-DIOL, 0.31 ng/ml; 4-DIONE, 0.6 ng/ml; Testo, 0.38 ng/ml;
and ADT-G, 14 ng/ml (12) in comparison to the postmenopausal
women with primary Sjogren’s syndrome in our study (mean age,
60.7 * 8.6 yr), demonstrating lower hormonal levels except for
DHEA-S and ADT-G (DHEA, 1.6 ng/ml; DHEA-S, 0.5 ug/ml;
5-DIOL, 0.23 ng/ml; 4-DIONE, 0.37 ng/ml; Testo, 0.16 ng/ml;
and ADT-G, 17 ng/ml). The three estrogens measured and Testo
increased significantly by oral DHEA administration in our
study, but the percentage increase was markedly lower compared
with the percentage increase of the other androgens and metab-
olites, in line with the findings of Labrie et al. (12).

In another trial, changes in metabolites were assessed after
12-month percutaneous administration of 3 g of a 0.3% DHEA
emulsion (18 mg) (13). Compared with the percutaneous ad-
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ministration, our oral treatment resulted in higher metabolite
elevations. DHEA was increased 203% and 5-DIOL 178% by
the DHEA emulsion compared with 260 and 340% elevation,
respectively, in our study. Again, the increases observed for the
estrogens were less marked and not significant by the percuta-
neous therapy: E;,30%;E,-S,20%;and E,, 17% (13) compared
with the increases in our trial of 80, 70, and 70%, respectively.

During oral administration of 50 mg DHEA/d in our trial, the
serum concentrations of DHEA and 4-DIONE increased to levels
within 5th and 95th percentiles of the concentration in 30- to
35-yr-old women. 5-DIOL, Testo, and DHT reached the upper
orjust above the upper limit, whereas DHEA-S, ADT-G, 3G, and
17G increased to concentrations much above levels in 30- to
35-yr-old women. These reference values are given in the article
by Labrie ez al. (13). The prominent elevations of DHEA-S and
androgen glucuronide conjugates indicate that DHEA adminis-
trated orally is metabolized through the gastrointestinal tract
and/or first passage through the liver. This marked increase is not
found when DHEA is metabolized after the percutaneous route
of administration (12). Concerning the estrogens, oral treatment
with 50 mg DHEA/d increased serum concentrations of E, and
E;-S to levels within the 5th and 95th percentiles of the concen-
tration in 55- to 65-yr-old women and E, to concentrations just
above levels in 55- to 65-yr-old women (13). According to the
increase in sex steroids, it seems that supplementation with 50
mg DHEA/d orally results in physiological or slightly supra-
physiological steroid hormone levels. However, a limitation with
our study is the lack of a control group consisting of healthy
women enabling direct comparisons between women with and
without primary Sjogren’s syndrome. Clinical trials of treatment
with DHEA in both pharmacological and substitution doses
have been conducted. In systemic lupus erythematosus, 20-30
mg DHEA/d improved mental well-being (23); treatment with
200 mg DHEA/d reduced disease activity (24), had a corticoste-
roid sparing effect (25), and increased bone mineral density
(BMD) in postmenopausal women (26). Increase in BMD by
DHEA has also been reported in older men and women (27), and
the glucuronidated androgen metabolites 3G and 17G were
found to be stronger predictors of BMD than Testo and DHT in
elderly men (28). Recently, Hartkamp et al. (29) reported that
200 mg DHEA/d and placebo reduced fatigue and improved
well-being in Sjogren’s, suggesting possibilities of cognitive be-
havioral interventions. Pillemer et al. (30) found in a pilot trial of
women with Sjogren’s that dry mouth symptoms improved sig-
nificantly during 24 wk of oral DHEA 200 mg/d.

We also demonstrate a significant reduction in dry mouth
symptoms during DHEA in accordance with previous results.
However, no significant increase in salivary flow rate was ob-
served, a finding that might be explained by the limited number
of patients who were able to secrete saliva. The sicca symptoms
in the eyes did not improve by DHEA, which might be associated
with our findings demonstrating inverse correlations between
sicca symptoms in the eyes and the estrogens, which increased
only moderately by DHEA substitution. One may also speculate
that the treatment period of 4 months, with a physiological dose
of DHEA, may not be long enough to improve disease outcome
measures in patients with such a long-standing disease.

Sex Hormones in Primary Sjogren’s Syndrome

J Clin Endocrinol Metab, June 2009, 94(6):2044-2051

In conclusion, we show in this study of postmenopausal
women with primary Sjogren’s syndrome, for the first time, that
low levels of sex steroids are associated with several disease char-
acteristics including presence of anti-SS-A and/or SS-B, KCS,
self-perceived symptoms of dryness in mouth and eyes, and ESR.
It is known that women with primary Sjogren’s syndrome are
androgen-deficient and supplementation with 50 mg DHEA re-
stored the hormonal levels to the normal range or slightly above
in premenopausal healthy women. However, DHEA-S, ADT-G,
3G, and 17G increased markedly, indicating metabolism
through the gastrointestinal tract and/or first passage through
the liver. The sicca symptoms in the mouth decreased during
4-month DHEA treatment. We encourage a larger and long-term
randomized controlled trial with DHEA substitution to be able
to evaluate potential beneficial effects of DHEA in primary
Sjogren’s syndrome.
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