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PREVALENCE OF THE RESTLESS LEGS SYNDROME 
(RLS), A COMMON NEUROLOGICAL SENSORIMOTOR 
DISORDER, IS FREQUENTLY REPORTED HIGHER IN 
women than in men.1-5 In addition, RLS significantly wors-
ens during pregnancy and improves or even disappears after 
delivery.6-8 Symptoms often occur for the first time during 
pregnancy. Furthermore, RLS risk increases gradually with the 
number of pregnancies,9 and symptoms are most pronounced 
during the last trimester.10

In 1995, the International RLS Study Group established 4 
essential criteria for RLS: (a) an urge to move the legs, accom-
panied by paresthesias of the legs; (b) motor restlessness with 
relief by movement; (c) a worsening of the symptoms at rest; 
and (d) worsening of symptoms in the evening or at night.11 Ap-
plying these criteria, the prevalence of RLS in the general popu-
lation ranges from 5.5% to 10.6%.1-5 Most RLS patients also 
show repetitive, stereotyped leg movements, called periodic 
limb movements (PLMs) during sleep and/or wakefulness.11 
Accordingly, approximately 95% of the RLS patients suffer 
from sleep disturbances including difficulties falling asleep, 
unconsolidated sleep and daytime tiredness.4,11 Most, but not all 
population-based studies demonstrated a higher prevalence of 

RLS in women than in men.1-4,12 One study of 4,310 participants 
reported an overall prevalence of 10.6%, increasing with age, 
affecting twice as many women as men.4 Particularly striking is 
the fact that up to 25% of pregnant women experience RLS, and 
symptoms usually improve or completely disappear with deliv-
ery. Manconi et al. conducted an epidemiologic study on RLS 
during pregnancy and the puerperium.10,13 This study revealed a 
prevalence rate of 26.6% among pregnant women. These obser-
vations suggest a considerable influence of pregnancy related 
hormonal (physiological) changes on RLS expressivity. Steroid 
hormones (in particular estradiol) rise during pregnancy and 
decline around delivery. In addition, altered sleep is common 
during pregnancy. Polysomnographic recordings revealed in-
creased total sleep time during the first trimester of pregnancy, 
decreased stage 3 and 4 NREM sleep in each trimester, and de-
creased total sleep time and increased waking after sleep onset 
in the third trimester.14-18

The objective of the present study was to elucidate whether 
hormonal changes during pregnancy and postpartum are related 
to RLS symptoms, sleep quality, and periodic limb movements 
in women with and without RLS.

METHODS

Subjects

Subjects were recruited by an advertisement in a local news-
paper, addressing pregnant women between 20 and 40 years of 
age both with and without symptoms of RLS. Subjects were 
paid for study participation, and screening was stopped when 10 
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women per each group were successfully enrolled in the study. 
Approval of an independent ethics committee (Bayerische 
Landesärztekammer) and written informed consent from all 
subjects were obtained. Inclusion criteria were pregnancy and 
age between 20 and 40 years. Patients had to satisfy the 4 stan-
dard diagnostic criteria defined by the International RLS Study 
Group. Twenty pregnant women, 10 suffering from RLS (mean 
age of onset: 22.6 ± 7.9 y), were included in the study. In the 
RLS group, 8 subjects reported RLS symptoms previous to the 
present pregnancy (preexisting RLS; mean duration of 11.2 ± 
5.5 years). They all described worsening of symptoms during 
pregnancy, and 4 reported affected family members. One sub-
ject without RLS had to be excluded due to a stillbirth in late 
pregnancy. Hence, data from 10 women suffering from RLS 
(mean age ± SD, 31.6 ± 2.4 y) and 9 healthy controls (mean 
age ± SD, 32.9 ± 2.7 y) were analyzed. None of the subjects 
suffered from any additional disease. Of each group, 2 subjects 
were treated with magnesium, and one per group additionally 
with iron. Otherwise, all subjects were free from any medica-
tion. RLS symptomatology was comprehensively explored in a 
detailed clinical interview. Before inclusion, patients and con-
trols underwent a physical examination, and a detailed medical 
history was documented. Exclusion criteria were any additional 
disease (requiring long-term medical treatment or hospitaliza-
tion) within the last 10 years. Controls denied experience of 
RLS symptomatology in their entire lifetime.

Experimental Procedure

Around the 36th week of gestation (mean ± SD, 35.9 ± 1.9; 
range, 34-40 weeks) and 12 weeks postpartum, subjects under-
went overnight polysomnography (PSG), 2 nights each. The 
first night served for adaptation purposes. Sleep data and leg 
movement recordings from the second night were analyzed in 
this study. Blood samples were taken each morning after poly-
somnography. Accompanying questionnaires on sleep and RLS 
symptoms were collected: subjects completed a daily sleep di-
ary from about the 30th week of pregnancy until 2 weeks after 
delivery and again in a 4-week period 3 months following de-
livery. In addition, women with RLS completed the IRLSSG 
rating scale (IRLS) weekly during these time periods. All sub-
jects completed the Pittsburgh Sleep Quality Index Question-
naire every 4 weeks from the 30th week of pregnancy until de-
livery and again 3 months after delivery. Postpartum PSG was 
not performed in 2 women from each group.

Blood Sampling

Blood samples were drawn between 07:30 and 08:30 each 
morning after the sleep recording before breakfast. Hormones 
were measured by electrochemiluminescence, with an Elecsys 
2010 analyzer (Roche Diagnostics, Basel, Switzerland). The 
maximal intra- and interassay coefficients of variation at dif-
ferent hormone concentrations were: estradiol 5.7%, testoster-
one 4.6%, prolactin 4%, progesterone 2.7%, and cortisol 1.3%. 
Iron, ferritin, and magnesium were measured by electrochemi-
luminescence, with a Hitachi 912 (Roche Diagnostics, Basel, 
Switzerland). The maximal intra- and interassay coefficients of 
variation were: magnesium 1.2%, iron 1.2%, and ferritin 6%.

Sleep Recordings

Sleep recordings included electroencephalogram (EEG; C3 
and C4 derivation according to the international 10/20 system, 
referenced to the contralateral mastoid), electrooculogram (EOG), 
and chin electromyogram (EMG). Polysomnographic recordings 
also included electrocardiogram (ECG), breathing parameters, 
and electromyographic (EMG) recordings of the left and the right 
tibialis muscle (sampling rate 250 Hz). The first night served as 
adaptation night; data were analyzed from the second sleep re-
cording lasting from 23:00 to 07:00. All sleep recordings were 
visually scored in 30-s epochs according to standardized criteria 
by trained scorers blinded with respect to the group condition. 
The numbers of periodic leg movements of both tibialis EMG re-
cordings were computed using an automatic scoring algorithm.19 
PLM-indices for both legs were scored for each vigilance stage, 
as well as for time in bed (TiB).

Statistics

Statistical analysis of sleep and PLM parameters as well as 
of blood parameters including hormones was performed using a 
repeated measures analysis of variance separately for each vari-
able, with diagnosis as between-subjects (2-level) factor and 
time (before or after delivery) as 2-level within-subjects factor. 
Post hoc tests included paired t-tests (factor time), or ANOVA 
(factor group). IRLS scores were compared in repeated mea-
sures ANOVA with 3-level factor time (pregnancy, 2 weeks 
postpartum, and 12 weeks postpartum). Correlations were per-
formed using nonparametric Spearman correlations.

RESULTS

Table 1 shows the RLS and sleep parameters for both groups 
during pregnancy and postpartum, when all women (except one 
per group) were still lactating.

In RLS subjects the IRLS score decreased significantly dur-
ing the first 2 weeks after delivery (Figure 1), and remained on 
a low level 12 weeks post partum (F2,16 = 36.09, P < 0.001).

Women with RLS had more periodic limb movements before 
(F1,13 = 6.11, P < 0.05) and after delivery (F1,13 =3.21, P < 0.1) 
than those without RLS (Table 1). Group effect was significant 
for the PLMs in wake (F1,13 = 4.80, P < 0.05) and in sleep stage 
1 (F1,13 = 8.43, P < 0.05). During pregnancy, PLMs were more 
frequent in the RLS group throughout all sleep stages, reaching 
statistical significance in wake (F1,13 = 7.19, P < 0.05), sleep 
stage 1 (F1,13 = 11.72, P = 0.005), and sleep stage 2 (F1,13 = 4.87, 
P < 0.05). PLMs decreased significantly postpartum in subjects 
with RLS (T = 2.78, P < 0.05), while they stayed low in women 
without RLS.

Sleep quality increased following birth (PSQI scores, Table 
1), but did not show any difference between the 2 groups. Simi-
larly, during pregnancy, polysomnographic sleep parameters 
did not differ between groups (parameters are shown in Table 
1). Postpartum, percentage of S1 sleep decreased, REM latency 
decreased, and REM sleep percentage increased in both groups, 
although REM sleep increase was much more pronounced in 
women without RLS (F1,13 =5.91, P < 0.05). Sleep efficiency in-
creased only in women without RLS while in women suffering 
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from RLS it remained unchanged (F1,13 = 5.35, P < 0.05).
Blood parameters are given in Table 2. Estradiol levels were 

higher during pregnancy in both groups, but more pronounced 
in women with RLS during pregnancy (34,211 ± 6,397 pg/mL 
vs. 25,475 ± 7,990 pg/mL; F1,17 = 6.99, P < 0.05), irrespective of 
new-onset or preexisting RLS symptoms (see Figure 2). How-
ever, higher estradiol levels in the RLS group did not coincide 
with higher levels of PLM activity (Figure 3), nor did higher 
IRLS scores (r = –0.336, NS). PLM activity in the RLS patients 
even correlated negatively with estradiol levels (r = –0.66, P 
< 0.05), whereas no such relationship could be detected in the 
control group (r = 0.03, NS).

Concentrations of prolactin, progesterone, testosterone, FSH, 
LH, iron, ferritin, magnesium and hemoglobin changed signifi-
cantly after birth, but did not differ between the groups.

DISCUSSION

This is the first study to longitudinally investigate symptoms, 
subjective sleep quality, polysomnographic sleep parameters, 
PLM, and hormone levels in pregnant women with and with-
out RLS. We found increased PLM indices during pregnancy 
and elevated estradiol levels in women with RLS compared to 
controls, but only minor changes in subjective sleep quality and 
polysomnographic sleep parameters. The most striking finding 
was that pregnancy-related RLS was associated with increased 
estradiol levels, whereas other hormonal parameters did not dif-
ferentiate between groups. This effect was present in women 
with both preexisting and new-onset RLS, supporting previous 
reports of high RLS incidence in the last trimester of pregnancy 
when estradiol is maximally elevated.10 Hence, the present study 
lends empirical support to the idea that the increased prevalence 
of the RLS in women in general and during pregnancy in par-
ticular is related to actions of specific hormones.1-4,6,7,9,10,13

There is strong evidence that the dopaminergic system plays 
a crucial pathophysiological role in RLS and PLM, support-
ed mainly by the prominent positive effects of dopaminergic 
drugs20-22 and some imaging studies.23-25 Therefore, estradiol 
could affect RLS symptoms through this neurotransmitter sys-
tem. Some studies have shown that estradiol attenuates the 
uptake of both endogenous and exogenous dopamine in the 
striatum and nucleus accumbens.26-31

 Conversely, a direct anti-
dopaminergic effect of estradiol was shown to be responsible 

Table 1—Questionnaire Data and Objective Sleep Parameters from Polysomnographic Recordings in Subjects With (n = 8) and Without (n = 
7) RLS During the Last Trimester of Pregnancy and 3 Months Postpartum

	 Pregnancy	 Postpartum	 Factor	 Factor	 Effect of
	 Controls	 RLS	 Controls	 RLS	 RLS	 Time	 Interaction
					     PF	 PF

	 PF
RLS symptoms (IRLS score)	 —	 19.78 ± 6,26	 —	 7.0 ± 6.58	 —	 P < 0.001a	 —
Sleep quality (PSQI)	 7.67 ± 3.34	 9.14 ± 2.53	 5.50 ± 2.12	 4.71 ± 2.26	 NS	 P11.84 < 0.01	 NS
PLM-Index Time in Bed (#/h)	 1.96 ± 1.32	 42.14 ± 42.79	 1.62 ± 1.84	 15.44 ± 20.24	 P5.40 < 0.05	 P6.81 < 0.05	 P6.48 < 0.05
PLM-Index Wake (#/h)	 5.44 ± 5.51	 57.91 ± 51.28	 12.60 ± 21.10	 25.29 ± 27.93	 P4.80 < 0.05	 NS	 P7.29 < 0.05
PLM-Index S1 (#/h)	 1.40 ± 1.79	 48.61 ± 36.28	 2.96 ± 5.05	 14.01 ± 19.40	 P8.43 < 0.05	 P11.79 < 0.005	 P14.11 < 0.005
PLM-Index S2 (#/h)	 1.16 ± 1.50	 43.86 ± 50.92	 1.60 ± 2.51	 18.36 ± 27.34	 NS	 P4.77 < 0.05	 P5.12 < 0.05
PLM-Index S3 (#/h)	 4.03 ± 8.66	 35.61 ± 51.97	 1.01 ± 1.76	 6.23 ± 11.55	 NS	 NS	 NS
PLM-Index S4 (#/h)	 2.0 ± 4.78	 26.14 ± 48.57	 0.54 ± 0.94	 1.29 ± 3.64	 NS	 NS	 NS
PLM-Index REM (#/h)	 0.64 ± 1.70	 8.32 ± 10.26	 0.0 ± 0.0	 7.71 ± 15.07	 NS	 NS	 NS
Time In Bed (TIB, min)	 476.43 ± 8.97	 482.00 ± 1.20	 477.43 ± 10.82	 480.81 ± 1.10	 NS	 NS	 NS
Total Sleep Time (TST, min)	 373.93 ± 62.17	 394.44 ± 40.82	 423.43 ± 33.37	 396.31 ± 49.34	 NS	 NS	 NS
Sleep efficiency (SEI, %)	 86.20 ± 7.47	 85.13 ± 6.52	 93.31 ± 4.29	 84.88 ± 8.75	 P6.18 < 0.05	 NS	 NS
Sleep latency (S2, min)	 17.43 ± 12.73	 17.12 ± 13.78	 22.36 ± 16.91	 18.19 ± 16.99	 NS	 NS	 NS
REM latency (min)	 78.10 ± 35.23	 95.00 ± 44.55	 67.86 ± 8.20	 71.50 ± 37.14	 NS	 P4.93 < 0.05	 NS
Wake (% sleep period time)	 13.04 ± 7.54	 13.61 ± 5.76	 6.40 ± 4.27	 13.63 ± 8.85	 NS	 NS	 NS
S1 (% SPT)	 7.73 ± 2.73	 6.23 ± 2.70	 4.80 ± 1.27	 5.49 ± 2.49	 NS	 P7.89 < 0.05	 NS
S2 (% SPT)	 48.48 ± 6.43	 51.53 ± 8.22	 47.02 ± 4.55	 46.71 ± 4.81	 NS	 NS	 NS
S3/S4 (% SPT)	 13.91 ± 4.98	 13.33 ± 4.81	 17.49 ± 5.25	 15.61 ± 5.51	 NS	 NS	 NS
REM sleep (% SPT)	 15.67 ± 2.89	 13.66 ± 3.46	 23.40 ± 5.02	 16.68 ± 5.61	 P6.67 < 0.05	 P12.30 < 0.005	 NS

Mean ± SD; results from repeated measures ANOVA with factors RLS and time (pre/post partum); df (1,13) except for PSQI scores (df: 1,11); 
a paired T-test (n = 9), T = 6.24; NS: not significant.
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Figure 1—IRLS scores in subjects with RLS in late pregnancy and 
post partum, indicating a drastic decrease in subjective symptoms 
around delivery (nRLS-new-onset RLS; pRLS-pre-existing RLS).
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subjects limited our ability to draw conclusions and may have 
also limited our ability to assess all factors influencing RLS 
symptoms. Nevertheless, the effects in late pregnancy appear 
astonishingly stable, without indicating a difference between 
new-onset or preexisting RLS symptomatology. Thus, further 
investigations on the causative involvement of estrogens in 
triggering RLS and PLM are needed.

Prolactin is also strongly elevated during pregnancy and has 
been suggested to cause RLS symptoms13,37,38 by simultaneous 
decreased action of dopamine at the level of the nigrostriatal 
system or A11 dopaminergic neurons (localized mainly in the 
midbrain near the hypothalamus with projections into the cor-
tex, the limbic system, and the spinal cord).37 The circadian 
rhythm of prolactin corresponds to the characteristic course 
of RLS symptoms over a 24-hour period, supporting this idea. 
However, consistent with the findings of Wetter et al.38 who did 
not find elevated prolactin levels in young men with and with-
out RLS, we could not detect significant differences of prolac-
tin levels between patients and controls during pregnancy. In 
both groups prolactin was elevated to a comparable extent dur-
ing pregnancy and normalized after birth. Hence, so far there 
is no positive empirical evidence supporting a causative role 

for an increased running wheel activity in mice.32 Hence, ef-
fects of estradiol on the dopaminergic system are inconclusive 
and, as yet unknown factors might be causing both the elevated 
hormonal levels and symptoms in parallel, await further study. 
Reduced hemoglobin, but not elevated estradiol levels, were 
reported in earlier stages during pregnancy.33 Surprisingly, es-
tradiol levels correlated negatively with PLM activity in the 
RLS group (Figure 3); but so far causative mechanisms are 
unknown. One cannot exclude the possibility that RLS symp-
toms induce the elevated estradiol levels, as observed in our 
data. However, estrogens have been clearly shown to influence 
nigrostriatal dopaminergic neurons,34 and estrogen effects on 
dopaminergic system are also targeted in Parkinson disease.35 
Hence, it appears reasonable to assume effects of estradiol lev-
els on RLS symptomatology, even if there is no consensus on 
the mechanisms, specific sites, or receptors where estradiol in-
fluences the synthesis, transport, or metabolism of dopamine in 
neurons and astrocytes.34,35 A potential explanation for the nega-
tive correlation between RLS symptoms and elevated estradiol 
levels is that the estrogen receptor system displays a biphasic 
dose-response relationship, showing the highest responses at 
intermediate estrogen levels.36 Of course, the small number of 

Table 2—Hormonal and Hematologic Values in Subjects With (n = 10) and Without (n = 9) RLS During the Last Trimester of Pregnancy and 
3 Months Postpartum

	 Pregnancy	 Postpartum	 Factor	 Factor	 Effect of
	 Controls	 RLS	 Controls	 RLS	 RLS	 Time	 Interaction
					     PF	 PF	 PF
Estradiol (pg/mL)	 25,475.44 ± 7,990.48	 34,211.0 ± 6,397.36	 94.92 ± 154.34	 30.73 ± 17.78	 P6.93 < 0.05	 P323.07 < 0.001	 P7.05 < 0.05
Testosterone (nmol/L)	 2.56 ± 1.17	 2.39 ± 0.95	 1.12 ± 0.38	 1.25 ± 0.78	 NS	 P28.06 < 0.001	 NS
Progesterone (ng/mL)	 322.43 ± 105.57	 302.93 ± 59.28	 0.55 ± 0.27	 2.0 ± 4.40	 NS	 P224.63 < 0.001	 NS
Prolactin (ng/mL)	 211.78 ± 65.81	 262.20 ± 55.71	 50.76 ± 29.03	 70.30 ± 59.50	 NS	 P119.19 < 0.001	 NS
Cortisol (µg/L)	 391.0 ± 24.37	 410.0 ± 74.47	 218.0 ± 52.42	 193.7 ± 47.80	 NS	 P122.22 < 0.001	 NS
Iron (µg/dL)	 154.71 ± 124.96	 62.20 ± 42.71	 110.86 ± 28.64	 101.4 ± 42.86	 NS	 NS	 NS
Ferritin (ng/mL)	 20.29 ± 14.30	 13.33 ± 10.07	 45.14 ± 29.81	 27.67 ± 25.72	 NS	 P9.34 < 0.01	 NS
Magnesium (mmol/L)	 0.71 ± 0.06	 0.73 ± 0.07	 0.78 ± 0.07	 0.80 ± 0.08	 NS	 P19.02 < 0.001	 NS
Hemoglobin (g/dL)	 12.44 ± 1.04	 11.66 ± 1.04	 13.50 ± 1.15	 12.88 ± 1.08	 NS	 P32.10 < 0.001	 NS

Mean ± SD; results from repeated measures ANOVA with factors RLS and time (pre/post partum); df (1,17) except for progesterone and iron 
(df: 1,15), and ferritin (df: 1,14); NS: not significant.
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Figure 2—Significantly higher levels of estradiol are seen in RLS patients than controls during pregnancy (P < 0.05); this difference disap-
pears after delivery (P = 0.208). New-onset RLS patients are highlighted with crosses.
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