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Abstract
Objective—To identify the prevalence of vasomotor symptoms (VMS) in a population of
premenopausal infertile women and to determine if VMS associate with enhanced bone turnover and
low bone mineral density (BMD).

Design—Cross-sectional study.

Setting—Academic infertility practice.

Patients—82 premenopausal infertile but otherwise healthy women attending for routine infertility
care.

Intervention—BMD testing, general health and profile of mood state (POMS) questionnaires,
serum samples (cycle days 1–3).

Main Outcome Measures—VMS, specifically hot flashes-HF and night sweats-NS; BMD-Z
score, BMD categorized as “Low” (Z ≤ −1.0 ) or “Normal” (Z > −1.0); ovarian reserve assessment
(biochemical and ovarian dimensions on transvaginal ultrasound); serum markers of bone turnover
(NTX, TRAP, BSAP) and ovarian reserve (FSH, Estradiol and Inhibin B). Multivariable regression
analyses determined the associations between VMS, BMD and bone turnover (individual markers
and composite turnover score).

Results—The prevalence of VMS was 12% in this relatively young population (mean age 34.53 ±
SD 4.32). Symptomatic women were significantly more likely to report sleep disturbances (p<0.01),
exhibit evidence of low BMD (p<0.01), enhanced bone turnover and poorer ovarian reserve
parameters. Multivariable logistic regression analyses confirmed HF (p<0.01) and NS (p<0.01) as
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independent correlates to low BMD after adjusting for age, BMI, smoking status, menstrual regularity
and ovarian reserve status. Multivariable linear regression analyses demonstrated that NS, but not
HF, predicted higher bone turnover (p= 0.02) after adjusting for age, smoking, menstrual regularity
and ovarian reserve.

Conclusions—We demonstrate, in a premenopausal population of infertile women, evidence of
morbid accompaniments to VMS, including sleep disturbances and evidence of low BMD. Our data
further suggest a state of enhanced bone turnover in association with VMS, specifically in those
experiencing NS. Declining ovarian reserve may be the common pathophysiological mechanism
underlying VMS and low BMD in the symptomatic population and merits further investigation.

Introduction
Vasomotor symptoms, i.e. hot flashes (HF) and night sweats (NS), while a hallmark of
perimenopause (1—3), are not uncommonly encountered in the premenopausal period (4—
6). Elevations in serum levels of follicle stimulating hormone (FSH), a hallmark of reproductive
aging, predate these clinical stigmata of perimenopause (7). Both elevations in the pituitary
gonadotropins and declining serum estradiol (E2) levels are suggested to play a pathogenic
role in the occurrence of VMS (8—9).

Skeletal health is intimately related to and influenced by gonadal function (10,11). Bone
mineral density (BMD) and bone metabolism or “turnover” are shown to be independent
predictors of risk for fracture (12—14). Limited data accrued in the peri and post menopausal
populations suggest an association between VMS and reduced BMD (15—18). The occurrence
and the frequency of VMS have been shown to associate with low BMD, and with a rapid
deterioration in BMD parameters in the postmenopausal as well as perimenopausal women
(15—17). These data are however limited, as much by a retrospective and recall nature of the
symptomatology, as by the relatively aging populations studied thus far. Data supporting an
association between low BMD and VMS in the premenopausal years are strikingly sparse
(19).

In the era of assisted reproduction, elevations in early follicular phase FSH and decline in
inhibin B levels have emerged as reliable markers reflecting declining ovarian reserve (20).
Although testing for ovarian reserve constitutes an integral component of infertility workup,
and yet uncommonly utilized beyond this context at least in the premenopausal years. The
infertile, yet healthy premenopausal women thus constitute an optimal population to study the
relationship between VMS, ovarian reserve and BMD status. Emerging literature suggests an
association between elevations in FSH levels and bone loss (21), highlighting a potential
pathogenic mechanism for bone loss in the setting of declining ovarian reserve, further
suggesting a relevance of ovarian reserve testing and implications, not just for assessment of
reproductive potential, but also skeletal health.

This study explores the hypothesis that pre menopausal and infertile women experiencing VMS
will demonstrate evidence of both low BMD and poor ovarian reserve parameters, and will
demonstrate biochemical evidence of enhanced bone turnover (i.e. elevated levels of markers
of bone resorption and formation) compared to those without these symptoms.

Materials and Methods
Premenopausal women with infertility attending an academic practice in the early follicular
phase of the menstrual cycle (days 1–3) were offered participation in a cross sectional study.
Inclusion criteria were age <42 years and generally good health, defined as the absence of
known systemic diseases contraindicating pregnancy and / or known to adversely influence
skeletal health (i.e. systemic lupus erythematosus, diabetes mellitus, crohns disease, renal
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failure, untreated or over treated thyroid disease). Eighty nine women were enrolled over a 3
year period (April 2004-April 2007). IRB approval was obtained and written consent was
provided by the participants. BMD assessments were performed in 82/89 participants. In the
initial 10 women, BMD was assessed by dual X-ray absorbtiometry (DXA) of the lumbar spine
and hip (Lunar Prodigy, GE, Madison, WI). Secondary to recruitment constraints attributable
to the logistics of participant transportation to an off-site bone density center, subsequent
enrollees underwent BMD assessment by a peripheral quantitative calcaneal ultrasound device
(QUS, n 72, Lunar Achilles Insight ®, GE, Madison, WI) with a known repeat measurement
precision of <2% (22). The respective devices were calibrated per company guidelines utilizing
the provided phantoms prior to each measurement. Anthropometeric parameters assessed
included height (cm) and weight (Kilogram, Kg), and body mass index (BMI) was calculated
[Wt (Kg)/Ht (meter)2].

Serum samples were collected and stored at −80 C until assessment of serum levels of markers
of interest. Biomarkers of ovarian reserve that were assessed included follicle stimulating
hormone (FSH, mIU/ml, DELFIA, Pharmacia, Gaithersburg, MD, DELFIA, intra-assay CV
3.2% and interassay CV 8.7%), estradiol (E2, pg/ml, DELFIA, Pharmacia, Gaithersburg,, MD,
sensitivity 10pg/ml, intra-assay CV 4.2% and inter-assay CV 9.0%), and inhibin B (pg/ml.
Oxford bioinnovations, Oxford shire, UK, sensitivity <15pg/ml, intra-assay and inter-assay
CV <7%). As per the guidelines followed in clinical practice, the maximal historical FSH level
for each patient was considered to reflect the OR status. In a subset of patients, markers of bone
turnover were assessed including a formation marker, bone specific alkaline phosphatase (BAP
µg/L, ELISA, IDS, Inc., Fountain Hills, Arizona, sensitivity 1.0ng/ml, intra-assay CV <10%,
inter-assay CV <10% in 65/82), and resorption markers, tartrate resistant acid phosphatase
(TRAP, U/L, ELISA IDS, Inc., Fountain Hills, Arizona, sensitivity <0.5 U/liter, intra-assay
CV <9%, inter-assay CV <10% in 64/82), and collagen N-terminal telo-peptide (NTX, nM
bone collagen equivalents- BCE, ELISA, Wampole Laboratories, Raritan, New Jersey,
standard range: 3.2 to 40.0 nM per bone collagen equivalents, intra-assay CV 7.3%, inter-assay
CV 6.9% in 50/82), using commercial kits.

The participants were provided with a questionnaire addressing medical, social, family and
personal histories. Specific questions were phrased to enquire about occurrence of VMS: “are
you bothered by night sweats (Yes/No)”, “are you bothered by hot flashes – (Yes/No)”.
Additional questions asked to specify the frequency of occurrence of VMS as: less than once
a day, 1–2 times per day, 3–4 times per day and equal to or more than 5 times per day. Specific
questions enquired about age at menarche, regularity of menstrual cycles (Yes/No) & current
smoking status (Yes/No). Two specified questions enquired about “regular exercise” (Yes/No)
and ‘regular weight bearing exercise” (Yes/No) and a single question asked whether the
participant was experiencing disturbed sleep (Yes/No).

An assessment of dysphoric mood parameters was performed utilizing the profile for mood
state (POMS) questionnaire (23—24). Briefly, a 60 item validated tool requesting responses
ranging from “0-very little” to “5-extremely” evaluates the participant responses across six
dimensions of mood; five of these represent “negative mood states”, namely “tension”,
“anger”, “depression”, “fatigue” and “confusion”. The sixth is a positive mood, “vigor”. The
questionnaires were scored by a single investigator (KB) blinded to the participant’s vasomotor
symptomatology. A total dysphoric mood score is calculated based on the sum of negative
mood scores minus the vigor scores. Higher total mood scores thus reflect greater degree of
dysphoria.

Bone density Z-scores were regarded as the BMD parameter of interest, given the
premenopausal study population (25). BMD was categorized as “low-LBMD” if Z score ≤
−1.0 (equal to or lower than 1 SD below the age and gender matched population mean) or
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“normal-NBMD if Z score >−1.0 (based on age and gender matched populations utilized for
standardization of the respective device).

In addition to the specified biomarkers reflecting ovarian reserve status, measurements of the
individual ovarian dimensions (width, length and mean ovarian diameter) procured by
transvaginal ultrasound (Aloka 1400, Phillips, 7.5 MHz) performed as a part of routine clinical
care within first 3 days of the menstrual cycle were additional parameters reflective of ovarian
reserve, as previously described (26).

Data Analysis
The distributions of continuous data were evaluated by Shapiro-Wilk normality test.
Correlation between continuous data (age, BMI, FSH, bone turnover markers and Z score)
were assessed by Pearson’s (for data demonstrating normal distribution) or Spearman (for
skewed data) correlation analyses. Attempts to normalize skewed data by log transformation
were employed (FSH, TRAP and BAP levels). Non parametric Mann Whitney-U rank sum
test (for skewed data including BMI, POMS scores, ovarian dimensions, FSH, E2) or Student’s
t test (for data demonstrating a Gaussian distribution, i.e. age, NTX, Inhibin B levels and Z
scores) were employed to assess the associations between continuous variables of interest with
LBMD and VMS. Associations between categorical variables (infertility diagnoses, menstrual
regularity, smoking, race, sleep disturbances) with LBMD and VMS were assessed using chi-
square analyses.

Multivariable logistic regression analyses was conducted to evaluate the relationship between
LBMD and VMS after adjusting for biologically plausible parameters that are recognized to
influence BMD in premenopausal years (i.e. menstrual regularity, BMI, smoking and ovarian
reserve status as reflected by maximal FSH levels). Because of the relatively small number of
events of interest, i.e. LBMD (n=19), a propensity score analysis was employed to adjust for
covariates of import without unduly burdening the statistical models (27).Briefly, a propensity
score derived from separate multivariable model (linear or logistic as appropriate)
incorporating the adjustment covariates of interest was utilized as a single adjustment variable
(summarizing the included covariates) in the logistic regression models determining an
association between LBMD and VMS. The strength of associations between VMS and LBMD
is presented as odds ratio (OR) ± 95% confidence intervals (CI). The association between VMS
and BMD parameters was further analyzed utilizing Z-scores as a continuous variable.

A “composite bone turnover score” was generated for each individual, reflecting the sum of
the evaluated bone markers (i.e. BAP+TRAP+NTX). Multivariable linear regression analyses
were conducted, adjusting for age, histories of smoking, menstrual regularity and ovarian
reserve as reflected by maximal FSH levels to determine independent correlates of bone
turnover status (i.e. individual biomarkers as well as the composite bone turnover score).
STATA 8.2 (StataCorp, TX) was utilized for analyses; p values are reported to the third decimal
place, and p<0.050 was considered statistically significant.

Results
Table 1 presents the patient characteristics, the total dysphoric mood scores, BMD and ovarian
reserve parameters according to the presence or absence of VMS. Continuous data are
presented as mean ± standard deviation (SD), and categorical data are shown as number
(percentage).

Eighty nine premenopausal women with infertility were enrolled over a 3 year period (April
2004-April 2007); 82/89 (92%) underwent BMD assessment. Of the 88/89 patients in whom
contributory etiology/ies for infertility were clearly identified from the patient records, a single
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etiology for infertility was discernable in 74; in 14/88 (16%), more than one contributory factor
was noted. The commonest contributors to infertility were ovulatory disturbances (19/88,
22%), diminished ovarian reserve (17/88, 19%), and male factor infertility (17/88, 19%)
followed by unexplained infertility (10/88, 11%), tubal infertility (9/88, 10%) and
miscellaneous causes (3/88, 3%).

Responses for VMS were available for 75/89 (84%) of the participants; Twelve percent (9/75)
of the participants acknowledged experiencing one or both of the specified VMS (NS only in
2/9, HF only in 3/9 or both NS and HF in 4/9). The frequency of VMS was described as “once
or twice a day” by all those who were symptomatic. Seventy one (95%) responded to the
question on race/ethnicity and 73 (97%) answered to the query regarding “disturbed sleep”.
The majority of participants self identified as being Caucasian (50/71, 70%); 7/71 (10%) as
Black, 10/71 (14%) as Asians and 4/71 (6%) reported belonging to more than one or otherwise
specified race/ethnicity. Sixty two (83% of the 75 with available VMS responses) completed
the POMS questionnaire.

Although the distribution of infertility etiologies was comparable in the symptomatic versus
asymptomatic women, women with unexplained infertility were significantly more likely to
specifically report NS (compared to those with identified contributors to infertility, 29% versus
6%, chi square 4.95, p=0.04). Almost 17% of the participants (14/82 who responded to the
specified question) acknowledged smoking. Those experiencing VMS were almost 3 times
more likely, and those reporting NS almost 6 times more likely, to report current smoking (OR
for VMS and NS in smokers 2.75, 95% CI 0.38–15.45 and OR 5.7, 95% CI 1.00–32.33
respectively); the relationship approached statistical significance for the association between
smoking and NS (p=0.05).

Consistent with reported literature, symptomatic women were of a heavier BMI compared to
those without VMS; these differences however were not statistically significant (Table 1,
p>0.05). A history of menstrual irregularities was comparable between the patients in the two
groups (p>0.05). Those experiencing VMS were 9 times more likely to report sleep
disturbances compared to the asymptomatic group (OR 8.90, 95% CI 1.50–93.0, p<0.01).
Although higher dysphoric and lower vigor scores were noted in the symptomatic women, the
differences were however not of statistical significance (Table 1). The symptomatic group of
women demonstrated evidence of poorer ovarian reserve parameters, i.e. smaller ovarian
morphometeric dimensions as measured by transvaginal ultrasound, higher early follicular
phase serum levels of FSH and E2 and lower inhibin B levels (Table 1); these associations
however did not reach statistically significance.

Bone Mineral Density
Of the 82 enrollees on whom BMD measurements were available, responses to VMS were
completed by 73 (89%). Twenty three percent (19/82) of the premenopausal infertile women
demonstrated evidence of LBMD. Patients experiencing VMS demonstrated lower BMD Z
scores (Table 1). A significantly higher proportion of premenopausal women experiencing
VMS demonstrated evidence of LBMD (as previously defined) compared to those without
these symptoms (62.5% versus 15.38%, p<0.01, Figure 1). This association with LBMD was
most robust for NS followed by VMS and HF in descending order of magnitude for the
association (Table 2).

Multivariable logistic regression analyses after adjusting for age, BMI, smoking, menstrual
regularity, and ovarian reserve status (as reflected by maximal FSH levels) confirmed both HF
and NS as independent correlates of LBMD in these young women, (Table 2). Multivariable
linear regression analysis utilizing BMD as a continuous variable (Z scores) confirmed this
independent and inverse association between VMS and LBMD (R2 for the model 0.25, β
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coefficient for the association between Z score and VMS −1.20, SE 0.42, 95% CI −2.03 to
−0.35, p<0.01); 25% of the variability in Z scores in this population was explained by this
statistical model.

Bone Metabolism
Serum NTX, BAP and TRAP levels were available respectively for 46/73 (63%), 59/73 (81%)
and 58/73 (79%). Bone metabolism, as reflected by the levels of markers of bone formation
(BAP), resorption (NTX, TRAP), and specifically by the cumulative turnover score, was noted
to inversely correlate with patient’s age (r= −0.31, p=0.02 for an association between age and
NTX; r= −0.23, p=0.06 for association of age with BAP). Smokers exhibited higher serum
levels of bone turnover markers (NTX 15.14 ± 3.0 versus 13.19 ± 2.90 nM BCE and TRAP
9.75 ± 5.60 versus 9.53 ± 8.72, compared to the non-smokers; this association approached
statistical significance for NTX (p=0.06).

A relationship between enhanced bone turnover (reflected by higher levels of bone markers)
and worsening ovarian reserve was noted; maximal FSH levels (log transformed) were
observed to significantly correlate with TRAP (log transformed, r= 0.29, p=0.02) and with the
composite turnover score (log transformed, r= 0.41, p<0.01) (Figure 2). Those reporting
irregular menstrual cycles demonstrated marginally higher levels of NTX, BAP and the
composite turnover score (data not shown), these differences were not of statistical significance
(p >0.05).

A state of up regulated bone turnover, albeit insignificantly so, was appreciated in association
with VMS; these parameters approached statistical significance in women specifically
reporting NS (Figure 3). Multivariable linear regression analyses, utilizing the propensity
scores for the covariates (age, smoking, menstrual regularity and ovarian reserve status as
reflected by maximal FSH levels) demonstrated symptom of NS, as an independent
determinant of significantly higher serum NTX levels (R2 0.07, β coefficient 2.81, SE 1.31, t
2.14 95% CI 0.16 − 5.46, p=0.04); a similar, albeit non significant, association between NS
and composite turnover score was also noted (R2 0.20, β coefficient 0.24, SE 0.13, t 1.8, 95%
CI −0.03 to 0.51, p=0.08). Multivariable analyses failed to demonstrate a relationship between
NS and the additional evaluated bone markers (i.e. BAP and TRAP).

Discussion
The prevalence of LBMD (23%) in our premenopausal and dominantly Caucasian population
is somewhat higher than the expected 15% per the Gaussian population distribution (25). Our
findings of LBMD and increased bone turnover in association with VMS, specifically NS, are
consistent with those reported by Salamone et al. (16), albeit in an older population of pre-
menopausal women (ages 44–50); similar associations have hitherto not been described in such
a young population (mean age 34 years). Lee et al. (15), in a similar older population,
demonstrated an association between recalled premenstrual and postmenopausal VMS and
vertebral fractures, suggesting a relationship between VMS and osseous integrity. These
observations are however in contrast to those reported by Von Muhlen et al. (28) The authors,
in the Rancho Bernardo Study, failed to demonstrate any association between recalled VMS
at menopause and BMD in 894 postmenopausal women (mean age 73 ± 9.5 years, range 47–
97). Of note, consistent with our findings however, these authors reported a significantly higher
prevalence of smokers amongst women experiencing NS. Similarly, Scoutellas et al. (29), were
unable to demonstrate an association between recalled symptoms and vertebral fractures in a
population based study of postmenopausal women aged 50–64 years. The older age of the
enrolled women, the excessive reporting of postmenopausal estrogen therapy use by women
acknowledging a history of VMS in the Rancho Bernardo study, and the long period of time
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elapsed since the occurrence of VMS all may have explained the inconsistencies in findings
in observations noted in these latter studies when compared to our data.

The prevalence of VMS in our premenopausal and infertile population (12%), while identical
to what was recently reported by Ohayon (30), is less than described in the SWAN study; of
the 4497 premenopausal women aged 40–55 years screened for eligibility for enrollment in
the SWAN study, 19.4% reported any HF or NS (3). Differences in the ages and the ethnic
composition of the enrolled populations in the mentioned studies may partly explain the
discrepancies in the prevalence of VMS in premenopausal years.

Elevations in serum FSH levels are a hallmark of the period of perimenopause (7). We (31)
and others (32) have previously provided evidence in support of influences of ovarian reserve
on BMD parameters in the premenopausal years; ; furthermore, existing data, in the
perimenopausal women, are supportive of a linear correlation between ovarian reserve and
BMD parameters, and of an inverse relationship between ovarian reserve and bone turnover
(33,34). Recent reports provide evidence of direct effects of FSH on osteoclasts (21)

A decline in estrogen levels is suggested as a biological mechanism contributing to VMS.
Significantly lower circulating levels of E2 and its metabolites are reported in women
experiencing NS (8) and indeed NS are considered more profound of the two VMS. A
hypoestrogenic milieu may thus explain the observed relationship between VMS and LBMD.
Although the symptomatic patients in our study demonstrated evidence of lower ovarian
reserve, i.e. lower levels of inhibin B and higher levels of FSH, and smaller ovarian dimensions
compared to the asymptomatic group (Table 1), the early follicular phase E2 levels were
actually higher in the symptomatic women (log transformed, t= −1.51, p=0.14). This latter
finding is of interest as higher E2 levels in the early follicular phase are recognized as a marker
of declining ovarian reserve (20). The failure to achieve statistical significance to the observed
associations is a likely reflection of power constraints, given the small study sample. We
conjecture that poorer ovarian reserve in premenopausal women experiencing VMS is a
plausible mechanism that can explain the occurrence of VMS, and the low BMD in the setting
of elevated bone turnover; in this context, future studies are needed to better elucidate these
mechanisms.

Given this association between VMS and declining ovarian reserve, the significantly higher
prevalence of VMS in patients with unexplained infertility is of interest. A single population
based retrospective cohort study (35) suggested a history of infertility, specifically unexplained
infertility, as a risk for vertebral fractures. Concerns regarding a subtle decline in ovarian
reserve have been suggested in association with unexplained infertility (36) and may account
for the noted association. Although the serum biomarkers reflecting ovarian reserve status
(FSH and Inhibin B) did not suggest poor ovarian reserve in patients with unexplained
infertility (data not shown), the early follicular phase E2 levels (log transformed) were higher
(t −1.97, p=0.05) compared to those in whom an etiology for infertility was appreciated, thus
providing some suggestion that issues with ovarian reserve may indeed exist in association
with unexplained infertility.

Our finding of increased bone turnover (p=0.06 for NTX) in smokers, is in agreement with the
known adverse influences of smoking on bone metabolism (37—38); adverse influences of
smoking on ovarian reserve were additionally suggested, as reflected by higher (albeit not
statistically significant) levels of FSH (9.62 ± 4.50 versus 8.92 ± 4.32 in nonsmokers, p=0.52)
and smaller ovarian size (mean ovarian diameter 5.60 ± 1.3 versus 6.12 ± 1.3 cm in nonsmokers,
p=0.31). While reduced ovarian reserve, and therefore a state of relative hypoestrogenism is a
plausible mechanism explaining both the occurrence of VMS and the enhanced bone turnover
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in our premenopausal smokers, we are however unable to establish this notion in the present
study.

Evidence of LBMD in a young individual at a single time point raises the question regarding
whether this observation reflects a suboptimal peak bone attainment in an otherwise healthy
individual, or if this is a sequel to an exaggerated bone loss. While postmenopausal
exacerbation in bone loss and an enhanced fracture risk following menstrual cessation are
recognized (12—13), the implications of low BMD in the mid-reproductive years are
somewhat unclear. What is obvious however is that these young women will enter menopause
with a lower “skeletal reserve,” that is destined to further decline during the early
postmenopausal years. Our findings of LBMD and elevated bone turnover status in
premenopausal women experiencing VMS support a notion that increased bone turnover may
be a contributor to the low bone mass in these young women; we are however unable to
substantiate this impression given the cross sectional nature of this study, and propose a need
for future longitudinal studies to better address the mechanisms at play.

There are several limitations of our study that preclude extrapolation of our findings to the
general and non-infertile population at large. The relatively small sample size, the low
prevalence of vasomotor symptoms, the categorical nature of our symptom data, which does
not provide any information regarding the severity of the VMS, all limit our ability to
understand the nuances of how these phenomenon relate to BMD. Given that the frequency of
VMS was identical in the symptomatic population, we are unable to assess for an association,
if any, between the frequency of VMS, ovarian reserve, bone mass and metabolism. Although
the small sample size of our population does not preclude a probability that the statistically
significant associations between VMS, BMD and bone turnover may represent an alpha error,
the consistency, the magnitude and a biological plausibility to the demonstrated associations
is reassuring. We acknowledge the limitations intrinsic to a lack of uniformity in BMD
assessments; as stated earlier in methods, this decision was necessitated by a need to facilitate
recruitment. Although not regarded as a “gold standard” modality for BMD assessment, the
sensitivity and reliability of QUS in evaluating BMD is well established and shown to be
comparable to DXA (39).

In summary, our findings provide evidence that VMS in premenopausal years auger adverse
health implications. Specifically, infertile women experiencing VMS, especially NS, are
significantly more likely to be smokers, experience disturbed sleep, demonstrate low BMD
and enhanced bone turnover, associations thus far unappreciated in such a young population
of otherwise healthy women. Our data furthermore suggest a relationship between declining
ovarian reserve and enhanced bone turnover, thus implying a unifying pathophysiological
mechanism that can explain the symptomatology as well as the exaggerated bone loss, and low
bone mass in premenopausal women experiencing VMS. Evidence of excessive bone turnover
as well as lower ovarian reserve parameters in the premenopausal smokers reiterates’ the
adverse influences of smoking on both ovarian and bone physiology. These findings underscore
the intimate relationship between reproductive health and bone metabolism in the
premenopausal years. Although both low BMD and an enhanced bone turnover are recognized
as risk factors for fracture in the post and the perimenopausal years (13), extrapolating this
conjecture to a young premenopausal population merits further assessment by appropriately
designed longitudinal studies. We propose that VMS in the premenopausal years be recognized
as risk factors for low bone density. We believe that these data will help clinicians in offering
appropriate patient screening and counseling aimed at strategies to stabilize osseous integrity,
and minimize adverse influences on the skeletal as well as reproductive health, i.e. smoking
cessation and lifestyle modifications. Indeed, a benefit of BMD testing and subsequent
counseling in facilitating adoption of positive life style changes has been previously
demonstrated in the premenopausal population (40). BMD testing and bone health education
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was shown to positively influence smoking, alcohol intake and use of caffeinated drinks, as
well as improve compliance with calcium and vitamin D supplement intake in premenopausal
women diagnosed with low bone density (40).
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Figure 1.
Higher prevalence of low BMD in premenopausal women experiencing vasomotor symptoms.
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Figure 2.
Relationship between worsening ovarian reserve (i.e. higher FSH levels) and bone metabolism:
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Figure 3.
An up regulation of bone turnover, as reflected by serum levels of N-telopeptide (3a) and the
composite bone turnover score (3b), is noted in premenopausal infertile women experiencing
night sweats.
The box represents the inter quartile range of data (between 25th and 75th percentile); the
horizontal line represents the median value and the whiskers represent the 95% confidence
intervals; the individual dots represent the outliers.

Pal et al. Page 15

Fertil Steril. Author manuscript; available in PMC 2009 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Pal et al. Page 16

Table 1
Characteristics of participants (n 75) based on vasomotor symptoms are presented.

Characteristics Asymptomatic
N 66 (87.5%)

Symptomatic
N 9 (12.5%)

P value

Age§ (Years) 34.63 ± 4.50 30.17 ± 4.41 0.41♪

BMI§ 27.17 ± 6.95 29.11 ± 7.13 0.20♫

Smoking history n (%)σ 10/65 (15.38) 3/9 (33.33) 0.18†

Regular cycles n (%) 50/66 (75.76) 6/9 (66.67) 0.57†

Acknowledge disturbed sleep n (%) 18/64 (27) 7/9 (78) <0.01*∫

Z-score (SD)§ 0.08 ± 1.23 −0.08 ± 1.23 0.06♪

POMS Scores

   Total dysphoric mood 20.11 ± 34.11 22.37 ± 25.28 0.47♫

   Depression 8.31 ± 11.17 7.87 ± 6.77 0.37♫

   Tension 9.18 ± 6.22 8.75 ± 5.47 0.93♫

   Fatigue 6.61 ± 5.94 9.0 ± 5.21 0.13♫

   Anger 6.89 ± 7.80 6.0 ± 3.85 0.64♫

   Vigor 14.37 ± 4.66 13.50 ± 4.95 0.55♫

Ovarian Reserve Parameters

   Mean ovarian diameter (cm) 6.20 ± 1.44 5.80 ± 0.54 0.45♫

   Mean ovarian length (cm) 4.69 ± 1.08 4.46 ± 0.44 0.63♫

   Mean ovarian width (cm) 3.03 ± 0.87 2.66 v 0.53 0.34♫

   FSH (mIU/ml) 7.14 ± 5.02 9.89 ± 5.37 0.62♫

   Estradiol (pg/ml) 35.25 ± 15.71 48.83 ± 26.97 0.39♫

   Inhibin B (pg/ml) 73.18 ± 27.62 59.53 ± 36.28 0.43♪

§
Continuous data are presented as mean ± SD; Categorical data are presented as percentage

*
Statistical significance

♪
T test;

♫
Mann U Whitney;

†
Chi square

σ
Specific response was not available for one participant in the asymptomatic group.

∫
Specific response was not available for 2 participants in the asymptomatic group.

§
BMD assessment was not available for one participant in each group.
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Table 2
An increased likelihood of low BMD (reported as odds ratio, OR ± 95% CI) is seen in association with vasomotor
symptoms.

Unadjusted OR P value Adjusted† OR P value

VMS 9.17, (1.88–44.59) <0.01* 9.94 (1.89–46.76) <0.01*

Hot flash 6.67 (1.30–34.06) 0.02* 7.09 (1.33–37.84) 0.02*

Night sweat 20.36 (2.07–200.00) 0.01* 20.51 (2.04–205.76) 0.01*

*
Statistical significance.

†
propensity score analysis adjusting for age, BMI, smoking status, regular menstrual cycles and ovarian reserve status (FSH levels).
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