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RESEARCH ARTICLE

Steroid hormone levels in postmenopausal hysterectomised women with and 
without ovarian conservation: the continuous endocrine function of the ovaries 

Elsa Nunesa , Eugenia Gallardoa,b , Sara Morgado-Nunesc and Jos�e Fonseca-Moutinhoa 

aCentro de Investigaç~ao em Ciências da Sa�ude, Universidade da Beira Interior, Covilh~a, Portugal; bLaborat�orio de F�armaco-Toxicologia, 
UBIMedical, Universidade da Beira Interior, Covilh~a, Portugal; cEscola Superior de Gest~ao, Instituto Polit�ecnico de Castelo Branco,  
Idanha-a-Nova, Portugal    

ABSTRACT 
This study aims to clarify the effect of postmenopausal bilateral oophorectomy on plasma steroid hor
mone levels. Women who were submitted in the postmenopausal period to hysterectomy for uterine 
benign conditions were divided into two groups: 18 women had isolated hysterectomy and 11 had 
hysterectomy with bilateral salpingo-oophorectomy. In both groups serum hormone levels were quanti
fied by solid phase extraction and gas chromatography and tandem mass spectrometry. Differences in 
dehydroepiandrosterone (DHEA), testosterone, androstenedione and oestradiol were determined in 
both groups. The analysis revealed lower steroid levels in the bilateral salpingo-oophorectomy group 
when compared to the isolated hysterectomy group with statistically significant differences found for 
DHEA (5.8 ± 3.2 vs. 9.4 ± 4.4 ng/mL; p¼ 0.019) and oestradiol (0.69 ± 0.4 vs. 1.48 ± 4.3 ng/mL; p¼ 0.007). 
The results are consistent with a significant endocrine activity of the postmenopausal ovary. The clinical 
consequences of these findings need to be clarified and postmenopausal prophylactic bilateral sal
pingo-oophorectomy re-evaluated. 

IMPACT STATEMENT 

� What is already known on this subject? Although it is consensual that premenopausal prophylac
tic bilateral oophorectomy should not be performed because it has harmful effects on women’s 
health, the evidence regarding the effects of postmenopausal prophylactic bilateral oophorectomy 
is scarce and this procedure continues to be a regular practice. Few studies have demonstrated 
that postmenopausal ovaries still have endocrine activity that may impact older women’s health. 

� What do the results of this study add? This is the first study to compare hormone levels of post
menopausal women based on their hysterectomy and oophorectomy status using GC-MS/MS, a 
highly sensitive bioanalytical assay for the measurement of steroid hormones. Previous studies 
relied on immunoassays and did not compare DHEA levels, which according to the intracrinology 
theory is a precursor for androgens and oestrogens. In this study, statistically significant lower lev
els of DHEA and oestradiol were found after postmenopausal bilateral salpingo-oophorectomy. 

� What are the implications of these findings for clinical practice and/or further research? This 
is a pilot study that may lead to further investigation in this area to clarify the impact of the 
prophylactic removal of postmenopausal ovaries on older women0s health and lead to changes in 
surgical procedures. 
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Introduction 

The period of a woman’s life that elapses since menopause 
tends to increase further due to the increase in average life 
expectancy. Several observational studies have revealed that 
removal of the ovaries before the menopause has repercus
sions on the health of postmenopausal women. An increased 
incidence of cardiovascular disease (Colditz et al. 1987, Parker 
et al. 2007, Rivera et al. 2009), osteoporosis (Gallagher 2007), 
neurological disorders (Rocca et al. 2007, Rocca et al. 2008a), 
depression (Rocca et al. 2008b) and changes in sexual func
tion (Nathorst-B€o€os et al. 1993, Celik et al. 2008) has 
been shown. 

While it is now relatively consensual that premenopausal 
ovaries should be preserved whenever possible, there is less 
consistent scientific evidence with regard to removal of the 
ovaries after menopause. The idea that the ovaries after 
menopause would be dispensable, since they stop producing 
oestrogens and progesterone has led to the indiscriminate 
conduct of prophylactic bilateral oophorectomy during hys
terectomy in this population, in an attempt to reduce ovarian 
cancer risk, even in low risk ovarian cancer women. 

Although there is no strong scientific evidence, removal of 
the ovaries after menopause appears to have a negative 
impact on the health of older women. The ovaries seem to 
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continue to have an endocrine activity, contributing to main
tain the levels of androgens, which may play an important 
role at the cardiovascular level (Laughlin et al. 2010), in sex
ual function (Kaplan and Owett 1993, Warnock et al. 1997, 
Palacios 2007), in bone remodelling (Marshall et al. 1977, 
Davidson et al. 1982, Greendale et al. 1997, van Geel et al. 
2009) and in cognitive function (Genazzani et al. 2007, Ryan 
et al. 2012, Blair et al. 2015). 

It seems important to clarify the impact of postmeno
pausal BSO on androgen levels in order to optimise our sur
gical practice without harming the health of elderly women. 

Materials and methods 

A cross-sectional study was conducted after approval by the 
Ethics Committee of Hospital Amato Lusitano, a Portuguese 
tertiary hospital. 

Between 2017 and 2019, postmenopausal women were 
recruited during routine Gynecological evaluation in a hos
pital setting for a study involving plasma steroid levels meas
urements. Postmenopausal status was based on 12 months of 
amenorrhoea and serum follicle stimulating hormone levels 
greater than 30 mIU/mL. A total of 29 women were hysterec
tomised after menopause for benign conditions: 18 had iso
lated hysterectomy and 11 women had hysterectomy with 
bilateral salpingo-oophorectomy (BSO). It was our intention 
to compare women who underwent hysterectomy with or 
without BSO after the menopause and not simply postmeno
pausal women with intact ovaries (irrespective of hysterec
tomy status) vs. women who underwent postmenopausal 
BSO to eliminate the possible interference of the surgery in 
the ovarian vascularisation when ovaries were retained. 

A fasting blood sample was obtained from each woman, 
between 8 and 10 am, after written informed consent. 

Current or past users of systemic hormonal therapy or cor
ticosteroid treatment were excluded. Other exclusion criteria 
included smoking, narcotic addiction, alcoholism and chronic 
hepatic or renal diseases. All participants were Caucasian. 

Plasma samples were stored at � 80�C and protected from 
light until analysis. The studied compounds, dehydroepian
drosterone (DHEA), androstenedione (A), 17b-oestradiol (E2) 
and testosterone (T) were quantified by solid phase extrac
tion (SPE) and gas chromatography and tandem mass spec
trometry (GC-MS/MS). Briefly, 1 mL of plasma was diluted 
with 1 mL of phosphate buffer saline (PBS) (pH ¼ 7) and 
spiked with 100 mL of internal standard (DHEA-d6). SPE car
tridges (OasisVR HLB 3 cc, Waters, USA) were conditioned with 
2 mL of methanol and 2 mL of 0.1% acetic acid. After passing 
of the sample through the cartridge, this was washed with 
2 mL of deionised water. The columns were afterwards dried 
under full vacuum for 30 min and the analytes were eluted 
with 2 mL methanol. The extracts were concentrated to dry
ness under a gentle nitrogen stream, and were afterwards 
dissolved in 20 lL of methanol, from which a 3 lL aliquot 
was injected into the GC-MS/MS system. The remaining resi
due was further evaporated to dryness under a gentle nitro
gen stream at 36 �C, and 20 lL of N,O-Bis(trimethylsilyl) 
trifluoroacetamide (BSTFA) was added. Derivatization took 

place in a domestic digital microwave oven (Candy CMG 
2017 M, Portugal) for 2 min at 800 W, and 3 lL was injected. 
This step was deemed necessary because some of the analy
tes under study (E2 and T) present active moieties and need 
to be derivatized before analysis by GC-based procedures. 

The statistical analysis software used was SPSS 27.0. 
Hysterectomy and oophorectomy status was stratified into 
two categories: hysterectomy with ovarian conservation and 
hysterectomy with BSO. Descriptive statistics were reported 
as means ± standard deviation (SD) for continuous variables 
and as frequencies (%) for categorical variables. Statistical 
analyses were obtained using the Mann-Whitney test for 
comparison of central tendency between groups for numer
ical variables after normality check. The Chi-Square Test was 
used to analyse the association between categorical variables. 
When necessary, Fisher’s Exact Test was used as an alterna
tive to Chi-square test. A p value of 0.05 or less was consid
ered statistically significant. 

Results 

The mean age of patients in both groups did not reveal stat
istically significant differences. Both groups are equally homo
geneous with regard to body mass index (BMI) and age of 
hysterectomy (Table 1). 

When comparing the two groups according to the years 
from menopause to the date of blood collection using 
Fisher’s Exact Test, no statistically significant differences were 
found (p¼ 0.735). 

Although we found differences in both groups concerning 
time of hysterectomy to blood collection we did not detect 
any statistically significant association between time of hys
terectomy to blood collection and hormone concentrations. 

Vaginal oestrogens were used, two to three times a week, 
by 44% of the women in the group of hysterectomy with 
ovarian conservation and by 36.4% of the women in the 
group submitted to hysterectomy with BSO, but again no 
statistically significant differences were found using Fisher0s 
Exact Test (p¼ 0.717). 

Once established that the variables above were not statis
tically different amongst both groups, the analysis of plasma 
steroid levels in both groups revealed differences. In the hys
terectomy and BSO group lower plasma steroid levels were 
found: 54% lower levels of oestradiol; 38.3% lower levels of 
DHEA; 36.1% lower levels of testosterone; 31.4% lower levels 
of androstenedione. Statistically significant differences were 
found for E2 and DHEA (Table 2). 

Discussion 

Our study was the first to compare plasma steroid levels of 
postmenopausal women based on their hysterectomy and 
oophorectomy status using GC-MS/MS, a highly sensitive hor
mone assay method. 

This study revealed lower plasma steroid levels when BSO 
was performed in the postmenopausal period when com
pared with patients not submitted to BSO, with statistically 
significant differences in DHEA and E2 levels, suggesting that 
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the postmenopausal ovary does have a positive impact on 
steroid plasma levels and a continuous endocrine function. 

The idea that the postmenopausal ovary continues to 
have endocrine activity is not recent but the mechanisms 
of its contribution to the production of androgens 
have evolved. 

Pioneer studies in the 70 s attempted to determine the 
relative importance of the ovary and adrenal gland in the 
production of androgens after the menopause. Some of 
these studies demonstrated a gradient of androgen concen
trations between the ovarian vein and peripheral blood while 
others used pharmacological suppression of the adrenal 
gland (Judd et al. 1974, Maroulis and Abraham 1976, 
Vermeulen 1976). These studies confirmed that postmeno
pausal ovary continued to have an important endo
crine function. 

The Rancho Bernardo Study, the largest populational study 
to examine the association between hormone levels, oophor
ectomy and time since menopause, revealed a reduction in 
30% of testosterone levels in postmenopausal women who 
were previously oophorectomized (Laughlin et al. 2000). This 
study did not specify whether oophorectomy was performed 
before or after menopause. 

Another study published in 2015 using a subset of 2251 
participants from the Nurse0s Health Study (NHS) revealed 
25% lower testosterone levels in postmenopausal women 
previously submitted to bilateral oophorectomy. This differ
ence was also confirmed when adjusted for postmenopausal 
oophorectomy, with a smaller sample size (30 participants 
were previously submitted to postmenopausal oophorec
tomy) (Kotsopoulos et al. 2015). 

Although consistent with our results, these studies used 
immunoassays for steroid measurements. However, concerns 
about specificity of these methods when steroid levels are 
low have led to implementation of MS-based techniques as 

the gold standard methodology for steroid hormone analysis. 
Mass spectrometry offers a unique identification profile of 
each of the study analytes, eliminating interferences and thus 
allowing greater sensitivity and specificity (Andrew and 
Homer 2020). In fact there are different published works 
about the determination of these compounds using GC-MS/ 
MS (Hansen et al. 2011, McDonald et al. 2011, Caron et al. 
2015, Matysik and Schmitz 2015). In this work excellent limits 
of detection and quantitation were achieved (0.05 ng/mL for 
E2; 0.1 ng/mL for A and DHEA, and 0.5 ng/mL for T) using 
only 1 mL of sample. 

A key point to note is that most of the earlier studies did 
not include DHEA in the analysis or included DHEA-S which 
is almost exclusively produced by the adrenal gland. 

However, Labrie demonstrated that after menopause the 
only source of sex steroids is circulating DHEA which is con
verted into androgens and oestrogens by peripheral tissues 
using the process of intracrinology (Labrie 1991). In a study 
comparing 442 intact and 71 ovariectomized postmenopausal 
women aged 42–74 years, Labrie et al. confirmed that the 
postmenopausal ovary contributes to approximately 20% of 
the total pool of circulating DHEA (Labrie et al. 2011). The 
results are consistent with our findings, a statistically signifi
cant decrease in DHEA in women submitted to postmeno
pausal BSO, which could explain the decrease in other 
steroid levels. Interestingly, the finding of statistically signifi
cant lower levels of oestradiol could also be a reasonable 
explanation for the worst clinical outcomes after postmeno
pausal bilateral oophorectomy with respect to sexual func
tion or bone density, as most of the studies addressing these 
issues focussed mainly on androgen levels. Also, if this signifi
cant reduction in oestradiol levels in postmenopausal women 
submitted to BSO is confirmed by other studies, a role of the 
postmenopausal BSO in the treatment of ER-positive breast 
cancer should be investigated. More studies are needed to 
clarify if reduction in DHEA after postmenopausal BSO has a 
significant clinical impact in the health of older women. 

Limitations of our study include a small sample size and 
the totality of participants being Caucasian, which makes it 
difficult to generalise the results. This study focused on 
women who underwent hysterectomy with or without BSO 
after the menopause and that is the reason why the sample 
size was small. It is not so frequent to carry out a hysterec
tomy after the menopause for benign conditions as it is in 
the premenopausal period. Another important limitation is 
related to the study design. This is a cross-sectional study of 
women already submitted to hysterectomy and we do not 
know the criteria used for the conservation or removal of the 
ovaries. The majority of women whose ovaries were pre
served underwent vaginal hysterectomy, which suggests it 
was a technical issue, given that BSO is more difficult to per
form in this type of surgery. It would also have been ideal to 
have had pre-surgery hormone values to be sure that it is in 
fact the intervention that is responsible for the lower steroid 
hormone levels. 

Despite the limitations, our results are consistent with pre
vious studies and in agreement with intracrinology theory 
that holds that after menopause sex steroid hormones derive 
from DHEA. The postmenopausal ovary continues to have a 

Table 1. Characterisation of the groups under study: hysterectomy with ovar
ian conservation and hysterectomy with BSO (mean ± standard deviation).  

Hysterectomy with  
ovarian  

conservation (n¼ 18) 
Hysterectomy with  

BSO (n¼ 11) p-Valuea  

Age (years)   70.6 ± 7.1   72.5 ± 9.6   0.521 
BMI (Kg/m2)   29.1 ± 4.1   30.9 ± 5.5   0.296 
Age of hysterectomy  

(years)   
67.9 ± 8.1   66.4 ± 9.2   0.580 

Time from menopause to 
blood collection (years)   

22.3 ± 8.5   20.1 ± 9.3   0.642 

Time from menopause to 
hysterectomy (years)   

19.1 ± 8.8   14.0 ± 8.9   0.173 

Time from hysterectomy 
to blood collection  
(years)   

2.7 ± 3.6   6.1 ± 3.8   0.002  

aMann–Whitney test.

Table 2. Hormonal concentrations in the study groups: hysterectomy with 
ovarian conservation and hysterectomy with BSO (mean ± standard deviation).  

Hysterectomy with ovarian  
conservation (n¼ 18) 

Hysterectomy  
with BSO (n¼ 11) p-Valuea  

E2 (ng/mL)   1.48 ± 4.3   0.69 ± 0.4   0.007 
DHEA (ng/mL)   9.4 ± 4.4   5.8 ± 3.2   0.019 
T (ng/mL)   1.6 ± 3.4   1.0 ± 0.9   0.173 
A (ng/mL)   1.4 ± 1.5   0.97 ± 0.5   0.774  
aMann–Whitney test.
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relevant endocrine function and a positive impact on steroid 
hormone levels. More studies with larger sample sizes and 
MS-based techniques are needed to provide a more accurate 
evidence over the benefits of ovarian conservation after meno
pause, so that appropriate counselling can be given to all 
postmenopausal women considering a prophylactic bilateral 
oophorectomy during hysterectomy for benign conditions. 
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