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ABSTRACT

Aims: Sleep curtailment, a common behavior in modern societies, is associated with significant
alterations in metabolic and endocrine profiles. This pilot study aimed to investigate the potential
benefits of sleep extension, under real-life conditions, on insulin sensitivity, androgens, and leptin, in
women with habitual short sleep duration. Methods: In a single-arm study design, healthy pre-meno-
pausal women with < 6 hours of daily sleep (n=10) were instructed to increase their sleep duration by
one hour daily for one month. Fasting blood samples were obtained on days 2-3 of the menstrual
cycle, at baseline, and after the intervention. Samples were analyzed for glucose, insulin, leptin, total
testosterone, sex hormone-binding globulin, and dehydroepiandrosterone-sulfate. Measurement of
sleep duration was based on the participants’ subjective reporting using sleep logs, and baseline data
were compared to post-intervention. Results: Seven women completed the intervention and signifi-
cantly increased their sleep duration by 40.7 + 14 min (mean + standard deviation). However, our
pilot data did not indicate significant changes in any of the parameters assessed at the end of the
intervention. Conclusion: The impact of sleep extension on various metabolic and androgen parame-
ters in women requires further investigation with larger samples and more controlled designs.
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INTRODUCTION

One of the common characteristics of
modern societies is sleep curtailment. In-
creased social and occupational demands and
other major lifestyle changes resulted in an es-
timated shortage of 1.5 to 2 hours in sleep du-
ration over the past century [1]. Research in-
vestigating the effects of partial sleep depriva-
tion on human metabolic health reported an al-
teration in glucose tolerance and insulin sensi-
tivity [2, 3] and an increased risk of developing
obesity and type 2 diabetes [4]. Moreover,
short sleep duration was found to up-regulate
ghrelin and increase hunger while down-regu-
lating leptin and curbing its satiety-stimulating
effect [5]. Consequently, food intake is
thought to increase [6], which could further
impact insulin sensitivity. However, despite
the extensive research in this field, little
knowledge is available on the metabolic bene-
fits of increased sleep duration of habitual
short-time sleepers [5,7]. Most studies were
cross-sectional observational studies or labor-
atory studies inducing partial sleep depriva-
tion. Only a few studies investigated the effect

of sleep extension under real-life conditions
[8-10], as opposed to laboratory conditions,
which we aimed to investigate in this study.

Furthermore, the extent to which sleep af-
fects women's fertility and reproductive pro-
file is still poorly understood. Androgens are
the most abundant female sex hormones. They
are precursors of estrogens and play an essen-
tial role in reproductive physiology. Hyper-
androgenemia, or elevated blood levels of an-
drogens, including testosterone and dehydroe-
piandrosterone-sulfate (DHEA-S), can clini-
cally manifest in women with acne symptoms,
hirsutism, androgenic alopecia, and menstrual
disturbances [11]. Hyperandrogenemia, in par-
ticular, is a major feature of polycystic ovary
syndrome (PCOS), a leading cause of infertil-
ity among women [12].

Furthermore, sleep quantity and quality
can influence androgen levels in women, at
least through the adverse effects of sleep re-
striction on insulin sensitivity [13, 14]. The lat-
ter is strongly associated with androgen levels
in women during their reproductive years [15].
Insulin resistance and hyperandrogenemia
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form a vicious cycle at the core of PCOS path-
ophysiology [12]. However, there is a scarcity
of studies investigating the effect of sleep du-
ration on androgen levels [16, 17], and re-
search is still needed to elucidate this relation-
ship. Therefore, this study aimed to investigate
the effect of a one-hour sleep extension, as a
home-based intervention, on insulin sensitiv-
ity, leptin, and androgen levels in a group of
healthy women with habitual short duration of
sleep. Extending sleep by one hour was made
to increase the feasibility of the intervention
while approaching the minimum recom-
mended sleep duration for adults, which is 7
hours [26]. Sleep extension was also planned
for one month to allow the evaluation of hor-
monal parameters, specifically androgens, at
the same point in time, which is the early fol-
licular phase of the menstrual cycle, before
and after the intervention, given that the aver-
age cycle length is 28-29 days [27]. This will
help eliminate the effect of hormonal physio-
logical fluctuations during the cycle on the in-
tervention results.

METHODS

In this pilot study, a group of healthy
women who are habitual short-time sleepers
was recruited in 2018; the inclusion criteria are
provided in the following section. An initial
interview was conducted to obtain the wom-
en's medical history and sleeping routine and
arrange for baseline blood collection. To as-
sess their sleep routine, women were asked to
keep sleep logs for 3 days, excluding week-
ends since all participants had their sleep re-
stricted only during the workdays—those with
an average sleep duration of < 6 hours/day
were included in this study. After ensuring
compliance with our inclusion/exclusion crite-
ria (mentioned in the following section), par-
ticipants were instructed to increase their sleep
duration by one hour daily for one month,
starting from the day the baseline hormonal as-
sessment was performed. They were also pro-
vided individualized counseling to help them
achieve this increase in sleep duration and im-
prove their sleep quality. Baseline and final
hormonal assessments, approximately one
month apart, were performed on days 2-3 of
the menstrual cycle (to represent hormonal
levels at the early follicular phase) while fast-
ing for at least 8 hours. During the study pe-
riod, participants were also asked to keep sleep
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logs for their bed and wake-up times during
the week (for four weeks), which were used to
estimate their sleep duration. All participants
provided written informed consent for their
participation in this study. The Scientific Re-
search Committee and the Institutional Review
Board at the University of Jordan approved the
study protocol.

Participants

Healthy women aged 20-30 years with a
habitual short duration of sleep (< 6 hours
daily) and a normal body mass index
(BMI1=18.5-24.9 kg/m?) were included in this
study. Age and BMI were limited to reduce
confounders that affect metabolic and endo-
crine profiles. Our exclusion criteria included
having any metabolic or endocrine conditions,
insomnia, regular napping, sleep disorders,
and the intake of drugs, including hormonal
contraceptives, that may affect sleep, meta-
bolic or endocrine profiles. In addition, shift
workers, smokers, pregnant and lactating
women, and women taking any nutritional
supplements or herbal recipes were excluded.

Biochemical and Statistical Analysis

Serum was obtained from blood samples
and stored at -20 °C until biochemical analy-
sis. Samples were tested for glucose, insulin,
sex hormone binding globulin (SHBG), total
testosterone, and DHEA-S (primarily adrenal
androgen) using COBAS Analyzer (Roche Di-
agnostics). Leptin was assayed using Leptin
human ELISA kit (Thermo Fisher Scientific).
The homeostasis model assessment for insulin
resistance (HOMA-IR), as an index of insulin
resistance, was calculated using the following
formula: HOMA-IR = fasting insulin (uIU/ml)
x fasting glucose (mmol/L)/22.5.

Statistical analysis was performed using
IBM SPSS (version 26, IBM Corp.). Descrip-
tive statistics are given as mean + standard de-
viation (SD). The normality of the data was
tested using the Shapiro-Wilk test. The paired
t-test and Wilcoxon signed-ranks test were
used for normally and non-normally distrib-
uted variables to assess the statistical differ-
ence between baseline and post-intervention.
P < 0.05 was considered statistically
significant. The target sample size for this sin-
gle-arm study was 30 participants, and it was
calculated based on an expected mean of 1.5




339

Isra’a Haj-Husein, et al.

and a standard deviation of 2.5 for the paired
differences (pre and post-intervention) in fast-
ing insulin levels [18], in addition to an attri-
tion rate of about 16%.

RESULTS

We could not attain our target sample
size; only 10 women agreed to participate in
this study. In addition, three women dropped
out due to noncompliance with the interven-
tion during the study. Participants mean age

Table (1): Baseline and post-intervention parameters.

and BMI were 24 + 4.8 years and 21.6 + 1.9
kg/m? (mean + SD). Based on the subjective
reporting of sleep duration using sleep logs,
the average sleep during workdays was signif-
icantly increased by 40.7 £ 14 min (mean %
SD). Baseline and post-intervention character-
istics are listed in (Table 1). All participants
had normal baseline levels of metabolic and
androgen parameters. However, none of these
parameters differed significantly at the end of
the one-month sleep extension.

Variables Baseline Post-intervention P value
Sleep duration (min)* 3314 £22.7 372.1£24.9 0.002%
Fasting glucose(mg/dl) 88.1+ 7.4 94.0 £10.2 0.18°
Fasting insulin (uIU/ml) 4.8+3.0 4.5+3.0 0.35"
HOMA-IR 1.05+0.61 1.07 £0.75 0.74
Leptin (ng/ml) 1.08 + 1.56 0.99+1.28 05"
SHBG (nmol/L) 51.2+125 53.8+23.6 0.68%
Total Testosterone (ng/ml) 0.35+0.24 0.48 £ 0.40 0.27%
DHEA-S (ug/dl) 274.8 £ 164.2 275.1 +147.4 0.99°

Data are presented as mean * SD.

“Only sleep duration was significantly different after the intervention.

*Using Paired t-test.
bUsing Wilcoxon signed-ranks test.

Abbreviation: HOMA-IR; homeostasis model assessment for insulin resistance, SHBG; sex hormone
binding globulin, DHEA-S; dehydroepiandrosterone-sulfate.

DISCUSSION

Insufficient sleep is a risk factor for sev-
eral psychological, cardiovascular, and meta-
bolic dysfunctions. Clinical evidence indicates
that women with inadequate sleep are at a
greater risk for these pathologies than men
[17]. Regarding glucose homeostasis, most
studies indicate that short sleep duration is as-
sociated with decreased insulin sensitivity and
impaired glucose tolerance, as assessed by in-
travenous glucose tolerance tests and hyperin-
sulinemic-euglycemic clamp [2, 3, 5]. Simi-
larly, studies investigating the metabolic ben-
efits of sleep extension favor improving insu-
lin sensitivity of habitual short-time sleepers
[8, 19, 20]. Three nights of in-laboratory sleep
extension (10 hours per night vs. 6 hours) after
habitual sleep restriction was associated with
reduced levels of fasting insulin and HOMA-
IR [19]. Percent changes in total sleep duration
correlated positively with fasting glucose and

negatively with fasting insulin levels, accord-
ing to Leproult et al. (2015), although no sig-
nificant differences in glucose and insulin lev-
els were reported after 6 weeks of one-hour
sleep extension [20]. Two other studies did not
report significant differences in glycemic pa-
rameters after sleep extension. However, on
average, participants in both studies could not
achieve more than 6 hours of sleep, which is
still considered a short sleep duration [8, 21].
Interestingly, So-internet al. (2019) found that
improved glucose tolerance was only evident
when evaluating data from participants who
could achieve more than 6 hours of sleep dur-
ing the extension [8].

In our study, we expected a positive effect
of sleep extension on glucose homeostasis and
insulin sensitivity. However, we found no sig-
nificant changes in glucose, insulin, and
HOMA-IR fasting levels. Although our results
align with three previous studies reporting no
significant effects of sleep extension on these
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metabolic parameters [8, 20, 21], our small
sample size may have made it difficult to ob-
serve significant changes after one month of
sleep extension. Also, based on subjective re-
porting of sleep duration, participants could
only extend their sleep by an average of 41
min, which may be considered rather insuffi-
cient. We also did not find significant changes
in leptin levels, which contradicts the results of
Killick et al. (2015), who reported a significant
decrease in leptin levels after three nights of
sleep extension (10 hours vs. 6 hours per night)
[19]. However, the large difference in the du-
ration of sleep extension (4 hr vs. 40 min) may
explain the discrepancy in the results.

There is a paucity of knowledge about the
impact of sleep disturbance on androgen levels
in reproductive-age women [16, 17]. Sleep re-
search mainly included men and male animals,
which may indicate that the results can only be
generalized to male rather than female physi-
ology. In women, fluctuations in ovarian ster-
oids during the menstrual cycle were found to
be associated with sleep disturbances [17].
Sleep curtailment may augment androgen lev-
els, not only because it adversely affects insu-
lin sensitivity [12] but also because of a possi-
ble influence on LH secretion, which stimu-
lates androgen production. However, evidence
is still inconclusive on the effect of sleep dura-
tion on LH levels. A night of partial sleep dep-
rivation was found to increase LH levels in 10
healthy women [22], and sleep was also found
to have an inhibitory effect on the amplitude
and frequency of LH pulsatile secretion in 11
healthy women during the early follicular
phase of the menstrual cycle [23]. However, a
larger cross-sectional study, including 106
healthy women, found no relationship between
sleep duration and LH levels [24].

Furthermore, given the scarcity of evi-
dence on a direct relation between sleep dura-
tion with androgen levels, it may be relevant to
indicate that women with PCOS, who typically
have hyperandrogenemia, were reported to
have lower sleep duration and quality com-
pared to healthy controls [25]. However, it re-
mains to be further investigated whether this is
a consequence or a contributor to the underly-
ing hormonal dysregulation of PCOS. In our
study, we hypothesized that sleep extension
would result in lower levels of androgens, but
we did not find significant differences in the

Palestinian Medical and Pharmaceutical Journal (PMPJ). 2023; 8(3): 337-342

levels of total testosterone, DHEA-S, or
SHBG at the end of the intervention period.
We speculate that the duration of sleep exten-
sion was insufficient to produce significant
changes; therefore, this relationship requires
further investigation. In any case, it may be
valid to interpret the lack of changes observed
in androgen and metabolic parameters because
they were already in the normal range, which
provides a small window for improvements to
be observed.

Among the limitations of our study is its
small sample size, as it was challenging to re-
cruit participants. The argument of some
women who met the inclusion criteria and re-
fused to participate was that sleep extension is
not a choice they can take due to their daily life
obligations, which indicates the social and fi-
nancial determinants leading to sleep curtail-
ment. Therefore, this pilot study highlights the
low feasibility of the intervention, i.e., long-
term sleep extension under real-life condi-
tions, which needs to be considered by re-
searchers in any future studies. Furthermore,
subjective measurement is not as accurate as
using objective methods in assessing the actual
duration of sleep, which can limit the validity
of our results. At any rate, this is the first study
to shed some light on the effects of sleep ex-
tension on androgen levels in young women
under real-life conditions. More research with
larger samples is warranted to elucidate the
benefits of improving sleep quantity and qual-
ity on the sex-hormonal profile and metabolic
parameters of reproductive-age women.
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