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Abstract
Background: The correlations of FSH, BMI and timing of oophorectomy on estradiol level have never been evaluated in Thai surgi-

cally menopausal women.

Aim: To study the correlation between serum follicular stimulating hormone (FSH), body mass index (BMI), year since menopause

(YSM) and serum estradiol (E2) level in Thai surgical menopause.

Materials and Methods: Medical charts were reviewed from 2,000 consecutive surgically menopausal women enrolled at the Meno-
pause Clinic, Faculty of Medicine Siriraj Hospital, from 1996-2015. Women with uncertain data of oophorectomy status, oophorec-
tomy performed after natural menopause, receiving menopausal hormonal therapy or cessation of hormonal therapy less than 3
months were excluded. Data extracted were ages at surgery, at registration, at hormonal assays, indication for surgery, and weight
and height at the time of assays of FSH and E2. Cases with FSH < 40 [U/ml were also excluded as this implied of ovarian remnant

syndrome. 150 women were available for final analysis.

Results: The mean age of surgical menopause was 43.02 + 5.39 year, with the average YSM when hormonal assays were performed
of 3.69 + 4.61 year. The mean BMI was 23.89 + 4.43 kg/m?. The mean serum FSH and E2 levels were 78.19 + 28.95 IU/L and 32.89
+ 38.33 pg/ml, respectively. Only the serum FSH level was inversely correlated with the serum E2 level with high significance (r =
-0.208, p = 0.011). The BMI and the YSM failed to show significant correlation with the serum E2 level in this study (p = 0.053 and p
= 0.547, respectively).

Conclusion: This study showed negative correlation between serum FSH and serum E2 in surgical menopause. No significant cor-
relation between BMI or YSM and serum E2 was identified.
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Introduction

After natural menopause, recently reported at the median age of 51 year in North America [1], many changes in sex hormone profile
occur. In natural menopause, ovaries cease to produce estradiol (E2). While androstenedione (ASD) is the principle steroid secreted by
the postmenopausal ovaries [2,3]. The circulating level of ASD is about one-half of that seen before menopause [4]. However, most of this
ASD is derived from the adrenal gland, with only a small amount secreted from the ovary. Additionally, E2 is still continuously produced

in a number of extra-gonadal sites, mainly in adipose tissue [5].

The average circulating E2 level after natural menopause is approximately 10-20 pg/ml [6]. Whereas the circulating level of Estrone
(E1) in naturally postmenopausal women is higher than that of E2, approximately 30-70 pg/ml [7]. Mean E2 levels started to drop about
two years before menopause, decreased rapidly after then and plateaued by two years after the final menstrual period [8]. Because
the biological potency of E2 is greater than that of E1, thus E2 has more clinical importance. In previous studies, secretion of E2 by the
postmenopausal ovary does not appear to be an important contribution since its circulating levels are similar, in postmenopause, both

before and after oophorectomy [9,10].

In natural menopause, serum E2 decreases and serum follicular stimulating hormone (FSH) increases with increasing age in midlife
women. And ethnic differences was reported to also influence E2 and FSH levels over time [11]. In that report, body mass index (BMI)
had an effect on E2 and FSH concentration, and also varied by menopausal status. Nevertheless, hormonal states associated with meno-
pause may vary depend upon whether menopause was natural or surgical. Surgical menopause (premenopausal bilateral oophorectomy
with or without hysterectomy), has increased recently and globally due to gynecological conditions, such as ovarian cyst or endometrio-

sis. This type of menopause is also a consequence of cancer surgery in the children, adolescents or women in reproductive ages.

Prophylactic bilateral oophorectomy for the prevention of later ovarian cancer in women carrying Y chromosome materials or
BRCA1/2 mutations has also become inevitably more common. For surgical menopause, cessation of ovarian hormone before the aver-
age age of menopause is known to cause more subsequent morbidity and mortality than women with natural menopause. This type of
menopause also generally results in 40-50% decrease in serum estrogens and testosterone. In surgical menopause, estrogens were sig-
nificantly decreased as compared to natural menopause. Also, bilateral oophorectomy was also significantly associated with 25% lower
testosterone level than women with natural menopause (p < 0.001) [12]. Nevertheless, no distinction in that report was made regarding

timing of oophorectomy (before or after natural menopause).

Many studies support the concept that in postmenopausal women, the circulating E2 is derived from the peripheral conversion of
E1, which in turn is the product of the peripheral aromatization of circulating ASD. Weight gain resulting from reduced physical function
was reported to be associated with hysterectomy [13]. Body weight, therefore, has a positive correlation with the circulating levels of
E1 and E2, probably due to the ability of fat to aromatize androgens. Post-surgical decreased in activity also resulted in abdominal and

adipose tissue disruption [14].

Highly significant positive correlations of ideal body weight and both E2 (r=0.472,p <0.001) and E1 (r = 0.383, p < 0.001) was found
[4]. Less significant positive correlation of E2 level (r = 0.18, p < 0.03) with BMI was also reported [9]. On the contrary, one previous
study in 150 naturally menopausal women followed up for six years showed no correlation between log E2 level and BMI (p = 0.6) [8].
And/or the abrupt change in estrogen and androgen production resulting from oophorectomy may increase the risk for weight gain. One

previous study in surgically menopausal women who usually underwent bilateral oophorectomy at a much younger age, also assumed
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that the production of extra-gonadal site estrogen and androgen started in approximately 12-18 months later than that in naturally

menopausal women [15].

For this reason, years since menopause (YSM) may affect estrogen and androgen production in surgical menopause. This study
focused on the controversial correlation between serum E2 level and FSH, BMI, YSM in surgical menopause. And also compare serum
E2 levels after oophorectomy from other previously reports. The study was approved by Siriraj Ethical Review Board (COA number Si
815/2016).

Materials and Methods

This retrospective cross-sectional study was conducted in postsurgical menopausal women attending the Menopause Clinic, Depart-
ment of Obstetrics and Gynecology, Faculty of Medicine Siriraj Hospital. The subjects were women who underwent bilateral oopho-
rectomy with or without hysterectomy before a natural menopause. Medical charts retrieved from 2,000 consecutive cases of surgical
menopause who enrolled at our clinic for the first time from 1996-2015 were reviewed. Subjects with unknown or uncertain data of
oophorectomy status were excluded. Women who oophorectomy was performed after a natural menopause, receiving menopausal hor-

monal therapy or stopping therapy less than three months were also excluded.

Data extracted were age at surgery, at registration, at hormonal assays, indication for gynecologic surgery, weight and height at
the time of hormonal assays. BMI was calculated as weight (kg) divided by height (m?). YSM was calculated in full calendar year since
bilateral oophorectomy. Hormonal assays were assessed by the Electrochemiluminescense Immunoassay (ECLIA) method at the Clini-
cal Pathology Department. Only women whose serum FSH and E2 simultaneously tested were recruited for the analysis. As these two
hormonal assays were not routinely performed in our clinic, 176 cases with the results of both assays were identified. Outliers of E2
levels were excluded (E2 < 0.02 pg/ml, n = 2). Also, subjects with FSH < 40 IU/ml were excluded as this implied recent oophorectomy or

ovarian remnant syndrome. Finally, 150 cases were available for final analysis.

Calculations and Statistical Analysis
The Statistics Package for the Social Sciences Program (SPSS 18.0 statistical package) was used for data analysis. A Pearson correla-
tion analysis was used to demonstrate the correlations between serum FSH, BMI, YSM and serum E2 level, with a p-value less than 0.05

considered as statistically significant.

Results

In this cross-sectional study, approximately two-thirds of the patients were gravidity = 0 (62%), and parity = 1 (64.7%). Most of the
patients (92%) never miscarried. Overall baseline characteristics, hormonal profiles and indications for surgery are shown in Table 1.
The mean age of surgical menopause was 43.02 + 5.39 year with a wide age range of 24-56 year. The average YSM when hormonal assays
were performed was 3.69 * 4.61 year, also with a wide range of 0-18 year. The mean BMI was 23.89 + 4.43 kg/m? which was higher than
the cut-off value for Asian population (< 23 kg/m?). The BMIs ranged from underweight (18.20 kg/m?) to morbid obesity (43.02 kg/m?).
The mean serum FSH and E2 levels were 78.19 + 28.95 IU/L and 32.89 * 38.33 pg/ml], respectively. The BMI and the YSM failed to show
significant correlations with the E2 level in this study (p = 0.053 and p = 0.547, respectively). Only the FSH level was inversely correlated
with the E2 level with high significance (r =-0.208, p = 0.011) as shown in Table 2. The scattered plots between the FSH levels, the BMIs,

the YSMs and the E2 levels are also shown in Figure 1-3 respectively.
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Figure 1: The scattered plots between the serum FSH levels & the serum E2 levels.
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Figure 3: The scattered plots between YSMs & the serum EZ2 levels.
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Characteristics Overall (Mean + SD) | Overall (Median) | Overall (Range)
Age at menopause (year) 43.02 +5.39 44.0 24-56
Age at registration (year) 46.43 £ 6.62 47.0 25-66
Age at hormonal assays (year) 46.68 +6.77 47.0 25-66
Year since menopause (year) 3.69+4.61 2.0 0-18
Serum FSH level (IU/L) 78.19 £ 28.95 72.60 40.00-164.68
Serum E2 level (pg/ml) 32.89 +38.33 18.90 0.02-180.00
BMI (kg/m?) 23.89 £4.43 23.55 18.20-43.00
Indication for oophorectomy Cases (%)
Myoma 72 (48.0)
Endometriosis 16 (10.7)
CINIII/CA Cervix 14 (9.3)
Myoma + Endometriosis 12 (8.0)
Adenomyosis + Endometriosis 7 (4.7)
Endometrial hyperplasia 7 (4.7)

Table 1: The demographic characteristics the laboratory results,

and the indications of gynecologic surgery of all 150 patients.

Parameter Serum E2 level p-value

Serum FSH level

Correlation -208* 0.011
BMI
Correlation -0.153 0.053

Year since menopause
Correlation 0.050 0.547

*significant at < 0.05 level

Table 2: Correlations between the serum FSH level, the BMI,
the year since menopause and the serum E2 level in this study.

Discussion

In this report, the overall mean age at surgery was 43.02 + 5.39 year. The mean YSM, which was also the mean time of hormonal
assays since surgery, was 3.69 + 4.61 year. This meant that the hormonal results were analysed when the patients were mainly in an
early postsurgical stage. The average level of E2 in this study was slightly higher than the levels of both natural and surgical menopause
(10-20 pg/ml) previously published elsewhere [3,12,16]. However, in natural menopause, the ovary still produces a small amount of
estrogens and androgens [17]. This small ovarian function may also be responsible for a relatively lower E2 level in surgical menopause

than in natural menopause.

One previous small study in peri/postmenopausal women in our clinic in 2006 reported different findings [18]. The average age at

menopause of 32 cases in the surgically menopausal group in that study was 42.27 * 6.29 year, comparable with the average age in this
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study. While the average YSM in the surgically menopausal group was 5.59 * 5.03 year, slightly more than that in the present report. Our
previous result also showed that the E2 level in the surgically menopausal group (63.05 * 136.39 pg/ml) was significantly higher than
that of 43 women in the naturally menopausal group (25.05 + 37.66 pg/ml, p = 0.001).

However, the average serum E2 in the surgically menopausal women in the present study was much lower (32.89 * 38.33 pg/ml),
which was close to previously reported elsewhere of 10-20 pg/ml. The serum FSH levels in our previous study of the perimenopausal,
the naturally menopausal and the surgically menopausal group were not significantly different (p = 0.566). However, in that previous
study, there were significantly negative correlation between the overall levels of FSH and E2. This present study showed the similar re-
sult. In our previous study, no significance between serums FSH or E2 with YSM was observed. This study of a much larger sample of 150

women showed the similar result. Nevertheless, BMI was not studied in our previous report.

On the contrary, in one other study in surgical menopause, the estrogen and androgen levels were significantly decreased as com-
pared to natural menopause. And these physiological changes occurred quickly after surgical than natural menopause [19]. The oth-
er results of one cross-sectional study from the Netherlands comparing 35 premenopausal bilateral oophorectomy and 40 naturally
postmenopausal women showed the lower E2 level without statistical significance in surgical than that in natural menopause (52 +
17pmol/Lvs 45 * 15 pmol/L, respectively). Although the average age of women with surgical menopause was much lower than that with

natural menopause (45.9 vs 58.5 year) with short time since menopause (1.8 vs 4.1 month) [20].

In contrast, one study in Bangladesh also reported significantly higher mean E2 level (p < 0.001) in 30 surgical menopause aged
45-55 year than that in 30 natural menopause [21]. Another recently published data from India [22], comparing the serum E2 levels
between surgical and natural menopause (n = 50 each), showed that the mean serum E2 of the surgical menopause (10.72 + 2.30 pg/
ml) was significantly lower than that of the natural menopause (18.18 + 2.59 pg/ml, p < 0.001). The result of E2 level in surgically meno-
pausal women in India was different from previously published data from our clinic and the finding from our present study, as mentioned

earlier. This might imply that ethnic different may play a role in E2 production in postmenopausal status.

The prospective 10 years follow-up of 1,962 women from a community-based multiple sites across the United States (the SWAN
Study), reported that BMI increased the annual rate of change of 0.19kg/m? for women after bilateral oophorectomy. And this rate of
increase was significantly more rapid after hysterectomy with or without bilateral oophorectomy compared to that of 0.08kg/m2 in
women after natural menopause. Also, in that study, hysterectomy with bilateral oophorectomy was associated with more increases in

BMI in hysterectomy with bilateral oophorectomy than that with ovarian conservation or natural menopause [23].

As mentioned earlier for postmenopausal women, the serum E2 level was mainly derived from the peripheral conversion of E1,
which was derived from ASD. And also the finding that obese older women were at risk for the development of endometrial cancer than
thinner women. Thus, we hypothesized that the peripheral conversion of E2 were proportionally associated with fat mass. Also, the rela-
tion between BMI and the percentage of body fat were reported to be different across ethnic groups by body composition analyses. Large
variations were observed among Asian populations and also white populations. Hong Kong Chinese, Indonesian, Singaporean, urban
Thai and young Japanese women had lower BMIs at a given body fat compared with Europeans [24]. As a consequence, there should be
some correlation between BMI and serum E2 level in postmenopausal women. Nevertheless, our present study failed to show a correla-
tion between BMI and E2 level.

The strength of this present study was that the number of cases analysed were also much higher than in many previous reports.
Hormonal assays were simultaneously performed with the same laboratory technique, although with various YSMs. Also, the average
YSM at the time of hormonal assays was after the assumed starting period of extra-gonadal site estrogen production after surgery. The

women in our clinic was homogeneous Indochina descendants. However, there were some limitations in the present study. Only 150 of
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2,000 surgically menopausal women were available for the final analysis, since both FSH and E2 assays were not routinely performed
in surgically menopausal women in our clinic as mentioned before. The average age of the women at the time of hormonal analyses was
relatively young with the average short time since menopause. Also, the median BMI of women in this study was defined as overweight

or obese for Asian women.

Conclusion

The results of this study showed a negative correlation between serum FSH and E2 in Thai surgically menopausal women. The data
failed to show significant correlation between serum E2 level and BMI, or YSM. Controversial data on the correlation between BMI and
serum E2 level still exists. Further studies with a larger number of women with more variations in BMI and YSM are needed to clarify this
correlation. The effect of aromatase activity at a different age of a patient, which affects conversion of serum androgen to E2 in different

BMI group of menopausal women should also be further studied.
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