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Abstract
Background  Endogenous sex hormones in postmenopausal women have been associated with risk of 
cardiovascular diseases. The aim of this study was to determine the association between endogenous sex hormones 
and the revised Framingham Stroke Risk Profile (rFSRP) in postmenopausal women.

Methods  This is an observational cross-sectional study on the Vara-Skövde cohort, a Swedish population-based 
study for longitudinal surveillance of the development and progress of type 2 diabetes and hypertension. The 
participants were physically examined in 2002–2005 and sex hormones were analysed with liquid chromatography-
tandem mass spectrometry assay (LC-MS/MS). Women who were ≥55 years old, with estradiol levels below 20 pg/
mL, not using hormonal therapy, and with no self-reported history of stroke, were included (N = 133). The outcome 
variable was rFSRP. Regression analyses of log-transformed rFSRP were fitted against levels of sex hormones (17-α-OH-
progesterone, estrone, estradiol, progesterone, dihydrotestosterone, dehydroepiandrosterone, testosterone and 
androstenedione), adjusting for body mass index (BMI) or waist-to-hip ratio (WHR), C-reactive protein (CRP) and 
cholesterol level.

Results  Levels of estrone and estradiol were positively associated with rFSRP in the crude model (estrone β = 0.208, 
95% CI = 0.081;0.336, P = 0.002; estradiol β = 0.170, CI = 0.034;0.305, P = 0.015). Adjustments for BMI revealed 
significant positive associations between progesterone (β = 0.155 95% CI = 0.025;0.285, P = 0.020), estrone (β = 0.167, 
95% CI = 0.037;0.297, P = 0.013) and 17-α-OH-progesterone (β = 0.146, 95% CI = 0.014; 0.277, P = 0.030) and rFSRP, 
and adjustments for WHR revealed a significant positive association between testosterone and rFSRP (β = 0.152, 
CI = 0.026;0.278, p = 0.018).

Conclusions  Increase of estrone was associated with higher rFSRP, also in the fully adjusted model, whereas 
progesterone, 17-α-OH-progesterone and testosterone were significant only in the models adjusting for BMI and WHR 
respectively. Larger studies studying stroke events are warranted to confirm these findings.

Clinical trial number  Not applicable.
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Introduction
Stroke, ischaemic or haemorrhagic, is the second leading 
cause of death globally, causing about 6.55 million deaths 
in 2019 [1]. Although age is the strongest risk factor for 
developing stroke, high blood pressure, high body-mass 
index and high fasting glucose are other leading risk fac-
tors [1]. In postmenopausal women, abdominal adiposity, 
elevated triglycerides and cholesterol have been identi-
fied as particularly significant risk factors [2]. One way to 
assess the individual’s risk of developing stroke is to use 
a risk-scoring tool. The original Framingham Stroke Risk 
Profile, first introduced in 1991, presented an estimation 
tool for the probability of incident stroke in 10 years, tak-
ing age, systolic blood pressure, use of antihypertensive 
medications, presence of left-ventricular hypertrophy on 
electrocardiography, prevalent cardiovascular disease, 
smoking, atrial fibrillation and diabetes mellitus status 
into account [3]. Since stroke incidence has decreased, 
and the distribution of the risk factors has changed dur-
ing the last decades, a revised version of the risk score 
profile (rFRSP) was launched in 2018 [4], that better pre-
dicts the current stroke risk compared to the old Fram-
ingham stroke risk profile. The revised risk score was 
developed based on the risk factor prevalence and hazard 
ratio for stroke incidence in the Framingham Heart Study 
during the past 20 years, and then validated in two dif-
ferent external study samples (REGARDS and the 3 cities 
study) [4].

Stroke incidence and mortality caused by stroke is 
lower in women than in men, which may, at least par-
tially, be related to the actions of sex hormones [5]. In the 
Framingham study, over 5000 female participants were 
followed up for 56 years, revealing that women develop 
stroke on average 5 years later than men, and had a lower 
stroke incidence at all ages except for the age group 85 
years old and older. However, due to their longer life 
expectancy, women had a higher lifetime risk of stroke 
[6]. During the menopausal transition, disadvantageous 
changes in body fat distribution and lipids occur, and 
stroke incidence and coronary heart disease incidence 
increase after menopause [7]. Previous studies have sug-
gested that stroke risk increases with early menopause, 
but the literature is not consistent [8].

In the early postmenopausal period, endogenous 
sex hormones, especially estrogens from the ovaries, 
decreases by approximately 90%, and thereafter there is 
a further decline in estrogens [9]. Both progesterone and 
its hydroxylated form 17-α-OH-progesterone generally 
circulate in very low concentrations in postmenopausal 
women and the evidence about endogenous progesterone 

and 17-α-OH progesterone is scarce, especially in rela-
tion to cardiovascular health.

Liquid chromatography-tandem mass spectrometry 
(LC-MS/MS) is the gold standard for assessing sex hor-
mones, due to its high precision even at very low hor-
mone levels [10], however, many previous studies have 
used other assays than LC-MS/MS, and it is uncertain to 
what extent sex hormones play a role in the risk of devel-
oping stroke in postmenopausal women. The aim of this 
study has been to investigate the association between lev-
els of endogenous sex hormones, and the revised Fram-
ingham Stroke Risk Profile in a cohort of postmenopausal 
women.

Methods and subjects
Study population
The Vara-Skövde cohort [11] was first examined in 2002–
2005. The study population was randomly selected from 
the population aged 30–74 in the census register and 
stratified by sex and by 5-year age groups. There was 
an intentional three-fold oversampling of participants 
aged 30–50 compared to participants 50 years old and 
older. The original aim of the cohort study was to inves-
tigate the development of hypertension and type 2 dia-
betes at an early stage and 2816 individuals participated 
(Men = 1400). A detailed description of the study design 
has been published elsewhere [11]. In the study popula-
tion, sex hormones (17-α-OH-progesterone, estrone, 
estradiol, progesterone, dihydrotestosterone, dehydroepi-
androsterone, testosterone and androstenedione) were 
analysed with a validated high-sensitivity liquid chroma-
tography-tandem mass spectrometry assay [12] in 179 
women, all of whom were 55 years old or older at visit 1. 
No self-reported information regarding menopause state 
was available, therefore only participants aged 55 years 
old or older and estradiol concentrations less than 20 
pg/mL [13] were included, to limit the risk of including 
women before menopause. A total of 133 women were 
included in the present cross-sectional study (Fig.  1). 
All participants gave their written informed consent to 
participate, and the Regional Ethical Review Board in 
Gothenburg, Sweden approved the study (registration 
numbers Ö 199-01). The study adhered to the ethical 
principles of the Helsinki declaration.

Physical examination
The study participants were examined by trained research 
nurses. Waist circumference was measured between the 
lowest rib margin and iliac crest. Body height was mea-
sured without shoes, and body weight was measured with 
a scale, without shoes and only light clothing on. Blood 
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pressure was measured in supine and standing positions, 
after the participants had rested for 5  min. Two blood 
pressure measurements were made with one minute 
between, and the mean of these two results was recorded. 
Body mass index (BMI) was calculated by the body 
weight in kilograms divided by the square of the height 
in meters, and waist-to-hip ratio (WHR) was calculated. 
Information on medical history and medications was 
obtained by trained nurses and by using questionnaires 
[14, 15], and further information about smoking habits, 
medical history and medications was obtained from the 
participants. Previous history of stroke and cardiovascu-
lar disease was self-reported. The diagnoses of diabetes 
mellitus was defined based on World Health Organiza-
tion (WHO) [16] (≥7.0 mmol/L of fasting plasma glucose 
at two separate occasions, or ≥11.1 mmol/L of plasma 

glucose 2 h after an oral glucose load). Hypertension was 
defined as blood pressure ≥140/90 mm Hg based on Joint 
National Committee (JNC7) [17] recommendations.

Laboratory analyses
Fasting venous blood samples were drawn in the morn-
ing. All blood samples were immediately frozen at -82 °C. 
Serum concentrations of sex hormones (17-α-OH-
progesterone, estrone, estradiol, progesterone, dihy-
drotestosterone, dehydroepiandrosterone, testosterone 
and androstenedione) were assessed from stored samples 
with a validated high-sensitivity liquid chromatography-
tandem assay [12], which has a low intra- and interassay 
coefficients of variation, and has lower limits of quan-
tification for estradiol, estrone and progesterone than 
many previously used LC-MS/MS assays [12]. The assay 

Fig. 1  Study flowchart showing the inclusion process
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is described in detail in the study by Ohlsson et al. [12]. 
Lower limits of quantification were (in pg/mL) 20 for 
17-α-OH-progesterone, estrone 0.5, estradiol 0.5, pro-
gesterone 5, dihydrotestosterone 13, dehydroepiandros-
terone 250, testosterone 5 and androstenedione 5 pg/
mL. One participant had value below LLOQ regarding 
estradiol, and two participants had values below LLOQ 
regarding progesterone, and one participant had value 
below LLOQ regarding DHT. These variables were set to 
the value of LLOQ for each hormone respectively.

High sensitivity CRP (hs-CRP, in mg/L)) serum con-
centrations were assessed with radio immune assay.

Risk scores
The revised Framingham Stroke Risk Profile (rFSRP) 
was calculated for each participant based on the revised 
Framingham score formula presented by Dufouil et al. 
[4]. This risk score algorithm takes the following risk 
factors in account: age, current smoking, prevalent car-
diovascular disease (excluding stroke), prevalent atrial 
fibrillation (AF), diabetes (DM), medication for hyper-
tension (HRX) and systolic blood pressure. The equation 
used for females is:

FSRP (t) = 1 - Sb (t) exp(L−M), where t =10, S 
b[10] = 0.95911, M = 6.6170719, and L is the linear 

combination: L = 0.87938 * (Age/10) + 0.51127 [if smoker] 
− 0.03035 [if CVD] + 1.20720 [if AF] +0.39796 [if 
Age ≥ 65] + 1.07111 [if Age < 65 and DM] + 0.06565 [if 
Age ≥ 65 and DM] + 0.13085 [if HRX] + (0.11303 * (SBP–
120)/10) [if no HRX] +(0.17234 * (SBP–120)/10) [if HRX].

Previous or prevalent cardiovascular disease (CVD) 
that is used in the algorithm for rFSRP was defined as 
self-reported angina pectoris, heart failure, or previous 
myocardial infarction.

Statistical analyses
Multiple linear regression analyses were used with sex 
hormones as explanatory variables and rFSRP as the 
dependent variable. Due to the skewed distribution of 
the rFRSP, this variable was transformed into a natural 
logarithm to improve the model fit. Model 1 is the crude 
model without any adjustment. Model 2 included adjust-
ments for body mass index (BMI) for the estrogens and 
waist-to-hip-ratio (WHR) for the androgens, since those 
variables are more associated with those respective hor-
mones, as described in a previous study of this cohort 
[18]. Since inflammation and cholesterol levels may be 
correlated to both hormonal level and the outcome [19], 
model 3 included additional adjustments for high-sen-
sitivity C-reactive protein (hsCRP) and total cholesterol 
level. It’s worth noting that the algorithm for calculat-
ing rFSRP inherently incorporates age as a parameter. In 
our previous work [18], we demonstrated that age only 
showed a significant correlation with testosterone lev-
els. Thus, based on our data, age was not considered as a 
confounding variable and not included adjustment in the 
analysis. The number of participants in the analyses for 
rFSRP-score was 133.

As a sensitivity analysis, we conducted regression anal-
yses after stratifying for the median age of 64 years old. 
Given that many of the sex hormones are both precursors 
and metabolites bivariate correlation analysis was per-
formed to investigate the correlations between the 8 sex 
hormones in the cohort.

To explore the associations also when adjusting for 
sex hormone binding globulin an additional analysis was 
added including SHBG to the last model, and a separate 
analysis was also performed with SHBG as exposure 
variable.

The regression results are presented on a standardized 
SD scale, i.e. coefficients and CI are multiplied by SD. 
This standardization facilitates comparison of the results 
across different sex steroids. All statistical analyses were 
performed with R 4.3.1.

Results
Baseline characteristics of the study population are 
shown in Table 1.

Table 1  Characteristics of the study population, N = 133
Mean SD

Age (years) 64.5 5.2
Revised Framingham Stroke Risk Profile (%) 3.5 2.7

Geomet-
ric mean

95% CI

Systolic blood pressure (mmHg) 133.0 130.3; 135.8
Diastolic blood pressure (mmHg) 71.6 69.9; 73.2
BMI (kg/m2) 27.4 26.6; 28.2
WHR 0.8 0.8; 0.9
Sex hormone binding globulin (nmol/L) 69.9 64.5; 75.8
Total cholesterol (mmol/L) 5.1 4.9; 5.3
CRP (mg/L) 1.8 1.6; 2.1
Progesterone (pg/mL) 43.0 39.3; 47.0
17-a-OH-progesterone (pg/mL) 304.2 274.8; 336.8
Estrone (pg/mL) 22.3 20.8; 23.9
Estradiol (pg/mL) 4.2 3.8; 4.6
Testosterone (pg/mL) 231.5 213.3; 251.2
DHEA (pg/mL) 2382.1 2151.6; 

2637.3
Dihydrotestosterone (pg/mL) 39.8 35.8; 44.4
Androstenedione (pg/mL) 560.5 519.8; 604.5

N %
Type 2 diabetes n (%) 15 11.3
Prevalent atrial fibrillation n (%) 0 0
Previous CVD n (%) 8 6.0
Hypertension n (%) 38 28.6
Abbreviations: BMI = body mass index, WHR = waist-to-hip ratio, CRP = C-reactive 
protein, DHEA = dehydroepiandrosterone
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Mean age was 64.5 years old (SD 5.2 years, range 
55–74 years old), mean BMI was 27.8 kg/m2 (SD 4.9 kg/
m2) and 11.3% of the women had diabetes mellitus. The 
mean estimated 10-year risk for stroke was 3.5% (SD 
2.7%) according to rFRSP. Due to the skewed distribution 

biomarkers and sex hormones were presented with the 
geometric mean and 95% confidence interval.

Significant associations between sex hormones and 
rFSRP were observed (Table 2).

Table 2  Endogenous sex hormones and the revised Framingham Stroke Risk Profile, results from linear regression model. N = 133
β 2.5%CI 97.5%CI p

Progesterone
Model 1 Crude 0.094 -0.037 0.225 0.159
Model 2 (adjusted for BMI) 0.155 0.025 0.285 0.020
Model 3 (adjusted for BMI, CRP and cholesterol) 0.150 0.017 0.283 0.027
Model 3 + adjustment for SHBG 0.150 0.013 0.288 0.032
17-α-OH-progesterone
Model 1 Crude 0.112 -0.024 0.248 0.106
Model 2 (adjusted for BMI) 0.146 0.014 0.277 0.031
Model 3 (adjusted for BMI, CRP and cholesterol) 0.138 0.004 0.273 0.044
Model 3 + adjustment for SHBG 0.139 0.004 0.274 0.044
Estrone
Model 1 Crude 0.208 0.081 0.336 0.002
Model 2 (adjusted for BMI) 0.167 0.037 0.297 0.013
Model 3 (adjusted for BMI, CRP and cholesterol) 0.167 0.034 0.301 0.014
Model 3 + adjustment for SHBG 0.181 0.043 0.318 0.010
Estradiol
Model 1 Crude 0.170 0.034 0.305 0.015
Model 2 (adjusted for BMI) 0.088 -0.067 0.243 0.262
Model 3 (adjusted for BMI, CRP and cholesterol) 0.091 -0.069 0.252 0.263
Model 3 + adjustment for SHBG 0.098 -0.061 0.256 0.224

β 2.5%CI 97.5%CI p
Testosterone
Model 1 Crude 0.080 -0.052 0.212 0.235
Model 2 (adjusted for WHR) 0.152 0.026 0.278 0.018
Model 3 (adjusted for WHR, CRP and cholesterol) 0.157 0.031 0.283 0.015
Model 3 + adjustment for SHBG 0.163 0.029 0.296 0.017
DHEA
Model 1 Crude -0.102 -0.235 0.029 0.127
Model 2 (adjusted for WHR) -0.084 -0.209 0.042 0.190
Model 3 (adjusted for WHR, CRP and cholesterol) -0.084 -0.211 0.042 0.187
Model 3 + adjustment for SHBG -0.071 -0.201 0.059 0.279
DHT
Model 1 Crude -0.079 -0.212 0.053 0.238
Model 2 (adjusted for WHR) -0.022 -0.151 0.108 0.742
Model 3 (adjusted for WHR, CRP and cholesterol) -0.009 -0.141 0.123 0.893
Model 3 + adjustment for SHBG -0.011 -0.147 0.126 0.878
Androstenedione
Model 1 Crude 0.024 -0.112 0.159 0.730
Model 2 (adjusted for WHR) 0.010 -0.119 0.139 0.879
Model 3 (adjusted for WHR, CRP and cholesterol) 0.010 -0.118 0.140 0.869
Model 3 + adjustment for SHBG 0.013 -0.116 0.143 0.840
Sex hormone binding globulin
Model 1 Crude -0.064 -0.200 0.073 0.358
Model 2 (adjusted for BMI) 0.017 -0.126 0.161 0.812
Model 3 (adjusted for BMI, CRP and cholesterol) 0.024 -0.121 0.170 0.744
Dependent variable: Log-transformed revised Framingham Stroke Risk Profile. All participants with CRP > 10, participants with previous stroke, and missing 
information regarding previous stroke were excluded, n = 133. The regression coefficient and CI are presented on a standardized SD scale. Specifically, original values 
have been multiplied by the SD. WHR = waist-to-hip ratio, BMI = body mass index, DHT = dihydrotestosterone, DHEA = dehydroepiandrosterone



Page 6 of 10Ottarsdottir et al. BMC Endocrine Disorders           (2025) 25:24 

High levels of progesterone were significantly asso-
ciated with high rFSRP in the model adjusting for BMI 
(β = 0.155 95% CI = 0.025;0.285, P = 0.020) and BMI, 
cholesterol, and CRP (β = 0.150, 95% CI = 0.017;0.283, 
P = 0.027) (Table 2). Similar results were found when ana-
lysing the association between 17-α-OH-progesterone 
and rFSRP (adjusting for BMI: β = 0.146, 95% CI = 0.014; 
0.277, P = 0.030, and model adjusting for BMI, choles-
terol, and CRP β = 0.138, 95% CI = 0.004;0.273, P = 0.044). 
Estrone was significantly positively associated with 
rFSRP in the crude model (β = 0.208, 95% CI = 0.081; 
0.336, p = 0.002), when adjusted for BMI, (β = 0.167, 
95% CI = 0.037;0.297, P = 0.013), and when adjusted for 
cholesterol and CRP (β = 0.167, 95% CI = 0.034;0.301, 
p = 0.014). Estradiol was significantly associated with the 
rFRSP in the crude model (β = 0.17, 95% CI = 0.034;0.305, 
p = 0.015), however these associations were no longer 
significant after adjustments were made in models 2 and 
3. Furthermore, testosterone was positively significantly 
associated with rFRSP in the model adjusting for WHR 
(β = 0.152, CI = 0.026;0.278, p = 0.018) and in the fully 
adjusted model (β = 0.157, CI = 0.031;0.283, p = 0.015). 
The remaining sex hormones (DHEA, DHT, androstene-
dione) were not significantly associated with rFSRP in 
any of the models. After adding adjustments for SHBG 
in the final model, In the analyses where also SHBG was 
added to the model, testosterone was still significant 
(β = 0.160, CI = 0.029;0.292, p = 0.017) but non-significant 
for estradiol, (β = 0.101, CI=-0.063;0.265, p = 0.224). No 
significant associations were found in the linear regres-
sion analyses between SHBG and rFSRP.

The bivariate correlation analysis found high correla-
tions between different sex hormones. The hormones 
with the three highest coefficients were estrone and 
estradiol (Pearson correlation 0.855, p < 0.001), 17-α-OH-
progesterone and progesterone (Pearson correlation 
0.766, p < 0.001) and DHEA and androstenedione (Pear-
son correlation 0.761, p < 0.001).

In the sensitivity analysis, we conducted regression 
analyses after stratifying for the median age of 64 years 
old. The effect sizes were similar in the age groups 
younger or older than 64 years old, except for estradiol 
that was not significant in the crude model in partici-
pants ≥64 years, and DHEA that was significant only in 
women ≥64 of age (supplementary Table 1).

Discussion
In this study we observed positive significant associa-
tions between progesterone, 17-α-OH-progesterone 
and estrone respectively, and the revised Framingham 
Stroke Risk Profile in women after menopause. These 
associations were still significant after adjustments for 
BMI, CRP, and cholesterol. We also found a significant 

positive association between testosterone and rFRSP in 
the adjusted models.

Progesterone and 17-α-OH-progesterone
Both progesterone and 17-α-OH-progesterone were 
positively and significantly associated with rFSRP in the 
models adjusting for BMI, but also when adjusting for 
BMI, CRP and cholesterol. Large prospective studies 
investigating the association between endogenous pro-
gesterone and stroke in women are limited, especially 
in postmenopausal women. Our group has previously 
studied the association between cardiometabolic risk 
factors and sex hormones in postmenopausal women 
[18], revealing a positive association between 17-α-OH-
progesterone and HOMA-Ir, but a negative association 
between 17-α-OH-progesterone and BMI. In an observa-
tional study investigating both peri- and postmenopausal 
women, significant positive associations were found in 
postmenopausal women between both endogenous pro-
gesterone (by LC-MS/MS) and 17-α-OH-progesterone 
respectively, and fasting glucose and also an association 
between progesterone and HbA1c [20]. Furthermore, 
in the study by Mezzullo et al. [21] a positive associa-
tion between 17-α-OH-progesterone and triglycerides 
was found in postmenopausal women. These results 
indicate that endogenous progesterone and 17-α-OH-
progesterone are associated with cardiometabolic risk 
factors, in line with the findings in the present study. 
Besides being fundamental in the female reproductive 
physiology, progesterone has other effects, among them 
metabolic effects such as raising insulin levels, and neu-
roprotective effects after traumatic brain injury [22]. 
Indeed, previous studies have suggested that progester-
one can both promote inflammatory response to cerebro-
vascular injury but also work as a neuroprotective agent 
after cerebrovascular injury such as stroke [23]. Experi-
mental studies in rodents have shown that exogenic 
progesterone can be neuroprotective and decrease the 
extent of an infarction, possibly by regulating inflamma-
tory actions and mitochondrial functions [5, 23]. How-
ever, progesterone levels decrease dramatically during 
the menopausal transition [21], and derive mainly from 
precursors from the adrenal gland after menopause [24].

Studies using RIA technique, such as the Swedish lon-
gitudinal twin study, revealed that higher endogenous 
progesterone in women aged 70 years and older was asso-
ciated with higher serum insulin [25] and increased prev-
alence of heart failure, even after adjustments were made 
for CRP, creatinine, and insulin levels [26]. The results are 
consistent with our study. However, because these stud-
ies used the RIA method, the results may be disturbed 
by inflammatory parameters, besides not being precise 
enough [27]. Participants in our study had a mean age 
of 64.5 years old, and our findings suggest that increased 
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levels of endogenous progesterone in this age group are 
associated with higher estimated stroke risk. The results 
might have turned out differently in a cohort in which the 
participants were closer to the menopausal transition.

Estrone and estradiol
In this study, estrone was positively associated with risk 
of stroke according to the rFRSP. Estradiol, on the other 
hand, was only significantly associated with the rFRSP in 
the crude model and became non-significant after adjust-
ments were made for BMI.

Estrone is both a precursor and a metabolite of 
estradiol, which is the dominant sex hormone in fer-
tile women. However, after menopause, as the ovar-
ian production of estradiol decreases, the main source 
for estrone and estradiol are from the adrenal glands, 
in forms of DHEA, which is converted by aromatase to 
estrone and estradiol in the peripheral tissues such as 
adipose tissue [28] making the total adipose tissue an 
important factor in affecting the levels of hormones. In 
this study, DHEA was positively associated with rFSRP 
in the fully adjusted models in the age stratified analyses 
in women 64 years or older. In the Nurses’ Health Study 
low concentrations of DHEAS have been associated with 
greater risk of stroke in postmenopausal women, how-
ever, if this association can be explained by an effect on 
atherosclerosis or is due to a potential damage of the 
adrenal function is unclear [29]. The association between 
estrone and cardiovascular diseases has not been as thor-
oughly investigated as in the case of estradiol. A meta-
analysis studying the associations between premature 
ovarian insufficiency (POI) and ischaemic heart disease, 
total cardiovascular disease and stroke, found a positive 
association between POI and ischaemic heart disease and 
CVD but not between POI and stroke [30]. In another 
meta-analysis, women undergoing menopause later than 
55 years of age had a higher risk of having hemorrhagic 
stroke compared to women undergoing menopause 
between 50 and 54 years of age [31].

A recent study using LC-MS/MS and investigating 
more than 5000 women aged over 70, found a signifi-
cantly lower risk of major cardiovascular events (both 
stroke and cardiac events) for participants with estrone 
concentrations in the second quartile, compared to those 
in the lowest quartile [32], and furthermore an inverse 
association between one (DHEA), a precursor of estrone, 
and major cardiovascular events was found [32]. In a 
case-control study of postmenopausal women there was 
no association between the odds of atherosclerosis and 
increasing quartiles of estrone (measured by RIA) [33]. 
However, as stated above, measurements with RIA are 
not precise enough when measuring low-range sex hor-
mones, and the results may also be interfered with by 
inflammatory parameters [27]. The potential biological 

mechanisms behind these associations are not entirely 
understood. Estradiol is indeed a known prothrombotic 
hormone both when administered as an oral contra-
ceptive, and when naturally elevations of endogenous 
estradiol occur such as in pregnancy [34]. There is also 
evidence that estradiol associates with worsening of glu-
cose homeostasis and development of diabetes mellitus, 
however, even though many of these studies are not using 
LC-MS/MS, they still indicate that higher estradiol levels 
in postmenopausal women may have a negative effect on 
their cardiometabolic health [35].

Given the close relationship between estradiol and 
estrone in steroid biosynthesis, there was, as expected, 
a high correlation between estrone and estradiol (Pear-
son’s correlation 0.86). Even so, we were not able to find 
a significant association between estradiol and rFSRP 
after adjustments were made for BMI, indicating that adi-
pose tissue is a strong confounder in this association. The 
additional analysis including the SHGB did not change 
the association in the fully adjusted model. The associa-
tion between estradiol and stroke has further been inves-
tigated in a meta-analysis, in which no associations were 
found between estradiol and stroke in postmenopausal 
women [36], even though estradiol has shown positive 
associations with coronary heart disease [37] and stroke 
risk [38] in women after menopause.

Testosterone
Our results show that among the androgens, testoster-
one was positively associated with the rFRSP in the fully 
adjusted model. In a previous study of this cohort [18], 
testosterone was significantly positively associated with 
age, which is incorporated in the algorithm of the rFSRP, 
and age may thus be an important driver of the associa-
tion found between testosterone and rFSRP. Conflicting 
results have been published with regard to the associa-
tion between testosterone and cardiovascular morbid-
ity and mortality in women [39, 40]. The MESA study 
reported similar results to our study, with a positive asso-
ciation between testosterone and incident cardiovascu-
lar disease [41], as did Benn et al., showing that extreme 
values (above the 90th percentile) in testosterone were 
associated with higher incidence of CVD [42]. Another 
study found no associations between testosterone and 
stroke risk [38]. However, both these studies defined 
levels of testosterone based on RIA technique, and are 
therefore less reliable than studies using LC-MS/MS. Yet 
another study using LC-MS/MS found no association 
between testosterone levels and ischaemic stroke in a 
case-control study in post-menopausal women within the 
Nurse’s health study [43]. In a more recent study, Islam 
et al. investigated the association between sex hormones, 
measured by LC-MS/MS, and major adverse cardiovas-
cular events (MACE) in women above 70 years old, and 
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found inverse associations between both testosterone 
and MACE after approximately 4.4 years of follow-up 
[32]. On the other hand, Meun et al. found no associa-
tions between DHEA or testosterone and incident stroke 
or coronary heart disease after 11 years of follow-up in 
the Rotterdam study [44]. Even though these studies 
are not completely comparable– partly due to differ-
ent outcomes and age groups included– the results may 
be described as conflicting. The biological mechanisms 
behind these associations are still to be elucidated. After 
menopause, the main source of testosterone is from con-
version in peripheral tissues from adrenal or ovarian 
androstenedione, but there is also a smaller production 
of testosterone by the ovaries and the adrenal gland [45, 
46]It is known that women with hyperandrogenic states 
such as polycystic ovary syndrome, have a higher risk 
of developing cardiovascular disease including stroke, 
but for postmenopausal women this correlation seems 
to be driven mainly by obesity [47]. In our study, how-
ever, the adjustment for WHR, as a measure of central 
obesity, did reveal a significant association between tes-
tosterone and rFSRP, emphasizing the influence of body 
shape. The effect of testosterone is also affected by its 
binding to SHBG, however in the analyses using adding 
SHBG to the fully adjusted model, the significance of the 
association between testosterone and rFSRP remained. It 
has been suggested that androgens have immune-mod-
ulating effects and ability to the suppress activation of 
pro-inflammatory cytokines, possibly having an impact 
on atherosclerosis process [48], but further studies are 
needed to fully understand these mechanisms.

Strengths and limitations
One strength of this study is its robust study proto-
col, with reliable assessment of variables and covariates 
included in the rFSRP. Another strength is the measure-
ment of sex hormones by LC-MS/MS, which is the gold 
standard when measuring steroid hormones at low con-
centrations, as in our group of postmenopausal women.

Using frozen sera may have altered the levels of ste-
roids, but recent research shows that there is excellent 
reproducibility in steroid measurements by LC-MS/MS 
even when serum has been frozen at -80° C for 10 years 
[49].

Our study is an exploratory study with the aim to find 
associations between sex hormones and the estimated 
risk of developing stroke by utilizing available data mate-
rial. Our way of performing the analyses confers a risk of 
type 1 errors due to multiple testing. The findings need to 
be interpreted with that in mind.

The use of a risk score algorithm is an estimation, and 
it would have been preferable to use stroke events as out-
come. However, in this small group consisting of mainly 
healthy women, the event rate is low, and the cohort size 

would have needed to be considerably larger. Even though 
we have adjusted for known confounders, there is a pos-
sibility that there may be residual confounding affecting 
the results. We did not have access to information on 
certain diagnoses and lifestyle factors, such as polycys-
tic ovary syndrome, or thyroid function, dietary habits 
or environmental factors, which could have resulted in 
residual confounding. We did not have information on 
estrogen receptor status, which may have led to residual 
confounding, given that different receptor dominance are 
associated with different cardiovascular outcomes [50] 
Also, the small sample size is a limitation to the study and 
calls for cautiousness in the number of included covari-
ates, and the results need to be interpreted with the 
sample size in mind. In a previous study of this cohort 
we have shown which cardiometabolic variables associ-
ate with the eight included hormones [18]. Among the 
hormones associated with rFSRP, testosterone was also 
positively associated with age, which is incorporated in 
the algorithm of the rFSRP. For the other hormones (pro-
gesterone, 17-α-OH-progesterone, and estrone) there 
were no individual significant associations with the other 
components of the rFSRP. In this study we did not adjust 
for age. To our knowledge, few studies have investigated 
the association between sex hormones and Framingham 
risk score, however, the study by Chock et al. is similar 
to ours, and did not adjust for age [51]. Moreover, in the 
present study, sensitivity analyses were performed using 
the median age 64 years, showing similar results of the 
estimates in both age groups. Even so, since testosterone 
was significantly associated with age, and age is incorpo-
rated in the algorithm, it is likely that age is one of the 
most important variables driving the association between 
testosterone and rFSRP in this cohort. In the previous 
study of this cohort [18], we found no significant associa-
tions between physical activity or alcohol consumption 
and estrone or estradiol, therefore we chose not to adjust 
for these covariates. Since we did not have information 
on menopausal status, we chose to include only women 
with age > 54 and with estradiol concentrations that are 
low (< 20 pg/ml), but we were not able to adjust for time 
since menopause.

There may also be non-linear associations that are 
complex to explore in smaller cohorts, therefore, larger 
prospective studies with stroke events as a outcome, are 
warranted to explore the associations and to understand 
the biological mechanisms behind them, and to better 
understand the role of sex hormones in the cardiometa-
bolic health of postmenopausal women.

Conclusions
Positive associations were found between levels of testos-
terone, estrone and progesterone and estimated 10-year 
risk of stroke, according to the revised Framingham 
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Stroke Risk Profile in postmenopausal women. These 
findings are important in the research of sex hormones 
as potential biomarkers for cardiovascular disease and 
adds knowledge to previous studies on the area. Prospec-
tive larger studies including information on cardiovascu-
lar events are warranted to confirm these results and for 
better understanding on the mechanisms and pathways 
behind the role of sex hormone levels in the cardiovascu-
lar health of postmenopausal women.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​
g​/​1​0​.​1​1​8​6​/​s​1​2​9​0​2​-​0​2​5​-​0​1​8​4​1​-​3​​​​​.​​

Supplementary Material 1

Acknowledgements
The authors would like to thank the participants from Vara and Skövde who 
made this study possible.

Author contributions
KO participated in data collection and drafting and editing of the paper. 
YL, MH, UL and BD participated in data analysis and revision of the paper. 
ÅT and CO were responsible for the sex steroid measurements. All authors 
saw and approved the final version, and no other person made a substantial 
contribution to the paper.

Funding
Open access funding provided by University of Gothenburg.
This work was supported R & D Centre Södra Älvsborg (VGFOUSA-P-982023) 
and The Local Research and Development Council Södra Älvsborg (VGFOUSA 
982391) and by grants from the Swedish state under the agreement between 
the Swedish government and the county councils, the ALF-agreement 
ALFGBG-966255.

Data availability
The datasets generated and/or analysed during the current study are 
not publicly available due privacy regulations but are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval
All participants gave their written consent to participate, and the Regional 
Ethical Review Board in Gothenburg, Sweden approved the study (registration 
numbers Ö 199-01).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Family medicine, School of Public Health and Community Medicine, 
Institute of Medicine, Sahlgrenska Academy, University of Gothenburg, 
Box 454, Göteborg 40530, Sweden
2Wallenberg Laboratory for Cardiovascular and Metabolic Research, 
Department of Molecular and Clinical Medicine, Institute of Medicine, 
Sahlgrenska Academy, University of Gothenburg, Gothenburg, Sweden
3Biostatistics, School of Public Health and Community Medicine, 
Institute of Medicine, Sahlgrenska Academy, University of Gothenburg, 
Gothenburg, Sweden

4Sahlgrenska Osteoporosis Centre, Centre for Bone and Arthritis Research, 
Department of Internal Medicine and Clinical Nutrition, Institute of 
Medicine, Sahlgrenska Academy, University of Gothenburg, Gothenburg, 
Sweden
5The Skaraborg Institute, Skövde, Sweden

Received: 26 March 2024 / Accepted: 16 January 2025

References
1.	 Stark BA, Roth GA, Adebayo OM, Akbarpour S, Aljunid SM, Alvis-Guzman 

N, et al. Global, regional, and national burden of stroke and its risk factors, 
1990–2019: a systematic analysis for the global burden of Disease Study 
2019. Lancet Neurol. 2021;20(10):795–820.

2.	 Lisabeth L, Bushnell C. Stroke risk in women: the role of menopause and 
hormone therapy. Lancet Neurol. 2012;11(1):82–91.

3.	 Wolf PA, D’Agostino RB, Belanger AJ, Kannel WB. Probability of stroke: a risk 
profile from the Framingham Study. Stroke. 1991;22(3):312–8.

4.	 Dufouil C, Beiser A, McLure LA, Wolf PA, Tzourio C, Howard VJ, et al. Revised 
Framingham Stroke Risk Profile to reflect temporal trends. Circulation. 
2017;135(12):1145–59.

5.	 Guennoun R, Zhu X, Fréchou M, Gaignard P, Slama A, Liere P, et al. Steroids 
in stroke with special reference to Progesterone. Cell Mol Neurobiol. 
2019;39(4):551–68.

6.	 Petrea RERE, Beiser ASAS, Seshadri SS, Kelly-Hayes MM, Kase CSCS, Wolf PAPA. 
Stroke in women - Gender Differences in Stroke Incidence and Post-stroke 
Disability in the Framingham Heart Study. Stroke (1970). 2009;40(4):1032-7.

7.	 El Khoudary SR, Aggarwal B, Beckie TM, Hodis HN, Johnson AE, Langer RD, 
et al. Menopause transition and Cardiovascular Disease Risk: implications for 
timing of early Prevention: A Scientific Statement from the American Heart 
Association. Circulation. 2020;142(25):e506–32.

8.	 Bushnell C, McCullough LD, Awad IA, Chireau MV, Fedder WN, Furie 
KL, et al. Guidelines for the Prevention of Stroke in Women. Stroke. 
2014;45(5):1545–88.

9.	 Rothman MS, Carlson NE, Xu M, Wang C, Swerdloff R, Lee P, et al. Reexamina-
tion of testosterone, dihydrotestosterone, estradiol and estrone levels across 
the menstrual cycle and in postmenopausal women measured by liquid 
chromatography-tandem mass spectrometry. Steroids. 2011;76(1–2):177–82.

10.	 Rosner W, Hankinson SE, Sluss PM, Vesper HW, Wierman ME. Challenges to 
the measurement of estradiol: an endocrine society position statement. J Clin 
Endocrinol Metab. 2013;98(4):1376–87.

11.	 Larsson CA, Kroll L, Bennet L, Gullberg B, Rastam L, Lindblad U. Leisure 
time and occupational physical activity in relation to obesity and insulin 
resistance: a population-based study from the Skaraborg Project in Sweden. 
Metabolism. 2012;61(4):590–8.

12.	 Ohlsson C, Langenskiold M, Smidfelt K, Poutanen M, Ryberg H, Norlen AK, et 
al. Low progesterone and low estradiol levels associate with abdominal aortic 
aneurysms in men. J Clin Endocrinol Metab. 2022;107(4):e1413–25.

13.	 https:/​/www.ma​yoclini​clab​s.com/test-catalog/index.html
14.	 Løchen ML, Rasmussen K. The Tromsø study: physical fitness, self reported 

physical activity, and their relationship to other coronary risk factors. J Epide-
miol Community Health. 1992;46(2):103–7.

15.	 Saltin B, Grimby G. Physiological analysis of middle-aged and old former 
athletes. Comparison with still active athletes of the same ages. Circulation. 
1968;38(6):1104–15.

16.	 World Health Organization. Definition, Diagnosis and Classification of Dia-
betes Mellitus and Its Complications. Part 1: Diagnosis and Classification of 
Diabetes Mellitus. Definition, Diagnosis and Classification of Diabetes Mellitus 
and Its Complications Part 1: Diagnosis and Classification of Diabetes Mel-
litus. 1999.

17.	 Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr., et al. 
Seventh report of the Joint National Committee on Prevention, detec-
tion, evaluation, and treatment of high blood pressure. Hypertension. 
2003;42(6):1206–52.

18.	 Ottarsdottir K, Tivesten Å, Li Y, Lindblad U, Hellgren M, Ohlsson C et al. Car-
diometabolic risk factors and endogenous sex hormones in Postmenopausal 
women: a cross-sectional study. J Endocr Soc. 2022;6(6).

19.	 Marchand GB, Carreau A-M, Weisnagel SJ, Bergeron J, Labrie F, Lemieux S, 
et al. Increased body fat mass explains the positive association between 

https://doi.org/10.1186/s12902-025-01841-3
https://doi.org/10.1186/s12902-025-01841-3
https://www.mayocliniclabs.com/test-catalog/index.html


Page 10 of 10Ottarsdottir et al. BMC Endocrine Disorders           (2025) 25:24 

circulating estradiol and insulin resistance in postmenopausal women. Am J 
Physiology: Endocrinol Metabolism. 2018;314(5):E448–56.

20.	 Lau LHY, Nano J, Cecil A, Schederecker F, Rathmann W, Prehn C et al. Cross-
sectional and prospective relationships of endogenous progestogens and 
estrogens with glucose metabolism in men and women: a KORA F4/FF4 
study. BMJ Open Diabetes Res Care. 2021;9(1).

21.	 Mezzullo M, Gambineri A, Di Dalmazi G, Fazzini A, Magagnoli M, Baccini M, et 
al. Steroid reference intervals in women: influence of menopause, age and 
metabolism. Eur J Endocrinol. 2021;184(3):395–407.

22.	 Taraborrelli S. Physiology, production and action of progesterone. Acta 
Obstet Gynecol Scand. 2015;94:8–16.

23.	 Skinner BD, Davies RJ, Weaver SR, Cable NT, Lucas SJE, Lucas RAI. A systematic 
review and Meta-analysis Examining whether changing ovarian sex steroid 
hormone levels influence cerebrovascular function. Front Physiol. 2021;12.

24.	 Vermeulen A. The hormonal activity of the postmenopausal ovary. J Clin 
Endocrinol Metab. 1976;42(2):247–53.

25.	 Brismar K, Nilsson SE. Interrelations and associations of serum levels of ste-
roids and pituitary hormones with markers of insulin resistance, inflammatory 
activity, and renal function in men and women aged > 70 years in an 8-year 
longitudinal study of opposite-sex twins. Gend Med. 2009;6:123–36.

26.	 Nilsson SE, Fransson E, Brismar K. Relationship between serum progester-
one concentrations and cardiovascular disease, diabetes, and mortality in 
elderly Swedish men and women: an 8-Year prospective study. Gend Med. 
2009;6(3):433–43.

27.	 Ohlsson C, Nilsson ME, Tivesten A, Ryberg H, Mellstrom D, Karlsson MK, et 
al. Comparisons of immunoassay and mass spectrometry measurements of 
serum estradiol levels and their influence on clinical association studies in 
men. J Clin Endocrinol Metab. 2013;98(6):E1097–102.

28.	 Labrie F, Belanger A, Pelletier G, Martel C, Archer DF, Utian WH. Science of 
intracrinology in postmenopausal women. Menopause (New York NY). 
2017;24(6):702–12.

29.	 Jiménez MC, Sun Q, Schürks M, Chiuve S, Hu FB, Manson JE, et al. Low 
dehydroepiandrosterone sulfate is associated with increased risk of ischemic 
stroke among women. Stroke. 2013;44(7):1784–9.

30.	 van Roeters JE, Heida KY, Bots ML, Hoek A. Cardiovascular disease risk in 
women with premature ovarian insufficiency: a systematic review and meta-
analysis. Eur J Prev Cardiol. 2014;23(2):178–86.

31.	 Poorthuis MHF, Algra AM, Algra A, Kappelle LJ, Klijn CJM. Female- and male-
specific risk factors for stroke: a systematic review and Meta-analysis. JAMA 
Neurol. 2017;74(1):75–81.

32.	 Islam RM, Bell RJ, Handelsman DJ, McNeil JJ, Nelson MR, Reid CM, et al. 
Associations between blood sex steroid concentrations and risk of major 
adverse cardiovascular events in healthy older women in Australia: a 
prospective cohort substudy of the ASPREE trial. Lancet Healthy Longev. 
2022;3(2):e109–18.

33.	 Golden SH, Maguire A, Ding J, Crouse JR, Cauley JA, Zacur H, et al. Endog-
enous postmenopausal hormones and carotid atherosclerosis: a case-control 
study of the atherosclerosis risk in communities Cohort. Am J Epidemiol. 
2002;155(5):437–45.

34.	 Abou-Ismail MY, Citla Sridhar D, Nayak L. Estrogen and thrombosis: a bench 
to bedside review. Thromb Res. 2020;192:40–51.

35.	 Muka T, Nano J, Jaspers L, Meun C, Bramer WM, Hofman A, et al. Associations 
of Steroid Sex hormones and Sex hormone–binding globulin with the risk 
of type 2 diabetes in women: a Population-based Cohort Study and Meta-
analysis. Diabetes. 2016;66(3):577–86.

36.	 Holmegard HN, Nordestgaard BG, Jensen GB, Tybjaerg-Hansen A, Benn M. 
Sex hormones and ischemic stroke: a prospective cohort study and Meta-
analyses. J Clin Endocrinol Metab. 2016;101(1):69–78.

37.	 Scarabin-Carre V, Canonico M, Brailly-Tabard S. High level of plasma estradiol 
as a new predictor of ischemic arterial disease in older postmenopausal 
women: the three-city cohort study. J Am Heart Assoc. 2012;1(3).

38.	 Glisic M, Mujaj B, Rueda-Ochoa OL, Asllanaj E, Laven JSE, Kavousi M, et al. 
Associations of endogenous estradiol and testosterone levels with plaque 
composition and risk of stroke in subjects with carotid atherosclerosis. Circul 
Res. 2018;122(1):97–105.

39.	 Barrett-Connor E, Goodman-Gruen D. Prospective study of endogenous sex 
hormones and fatal cardiovascular disease in postmenopausal women. BMJ. 
1995;311(7014):1193–6.

40.	 Sievers C, Klotsche J, Pieper L, Schneider HJ, Marz W, Wittchen HU, et al. Low 
testosterone levels predict all-cause mortality and cardiovascular events in 
women: a prospective cohort study in German primary care patients. Eur J 
Endocrinol. 2010;163(4):699–708.

41.	 Zhao D, Guallar E, Ouyang P, Subramanya V, Vaidya D, Ndumele CE, et al. 
Endogenous sex hormones and Incident Cardiovascular Disease in Post-
menopausal Women. J Am Coll Cardiol. 2018;71(22):2555–66.

42.	 Benn M, Voss SS, Holmegard HN, Jensen GB, Tybjaerg-Hansen A, Nor-
destgaard BG. Extreme concentrations of endogenous sex hormones, 
ischemic heart disease, and death in women. Arterioscler Thromb Vasc Biol. 
2015;35(2):471–7.

43.	 Hu J, Lin JH, Jimenez MC, Manson JE, Hankinson SE, Rexrode KM. Plasma 
estradiol and testosterone levels and ischemic stroke in Postmenopausal 
Women. Stroke. 2020;51(4):1297–300.

44.	 Meun C, Franco OH, Dhana K, Jaspers L, Muka T, Louwers Y, et al. High 
androgens in Postmenopausal women and the risk for atherosclerosis and 
Cardiovascular Disease: the Rotterdam Study. J Clin Endocrinol Metab. 
2018;103(4):1622–30.

45.	 Judd HL, Fournet N. Changes of ovarian hormonal function with aging. Exp 
Gerontol. 1994;29(3–4):285–98.

46.	 Mauvais-Jarvis F, Lindsey SH. Metabolic benefits afforded by estradiol and 
testosterone in both sexes: clinical considerations. J Clin Invest. 2024;134(17).

47.	 Hirschberg AL. Hyperandrogenism and Cardiometabolic Risk in pre- and 
Postmenopausal Women—what is the evidence? J Clin Endocrinol Metabo-
lism. 2023;109(5):1202–13.

48.	 Kapoor D, Malkin CJ, Channer KS, Jones TH. Androgens, insulin resistance and 
vascular disease in men. Clin Endocrinol (Oxf ). 2005;63(3):239–50.

49.	 Handelsman DJ, Desai R, Seibel MJ, Le Couteur DG, Cumming RG. Circulat-
ing sex steroid measurements of men by Mass Spectrometry are highly 
reproducible after prolonged frozen storage. J Steroid Biochem Mol Biol. 
2020;197:105528.

50.	 Muka T, Vargas KG, Jaspers L, Wen K-x, Dhana K, Vitezova A, et al. Estrogen 
receptor β actions in the female cardiovascular system: a systematic review 
of animal and human studies. Maturitas. 2016;86:28–43.

51.	 Chock B, Lin TC, Li CS, Swislocki A. Plasma testosterone is associated with 
Framingham risk score. Aging Male. 2012;15(3):134–9.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Endogenous sex hormone levels are associated with the revised Framingham Stroke Risk Profile in postmenopausal women: a longitudinal study in a Swedish cohort
	﻿Abstract
	﻿Introduction
	﻿Methods and subjects
	﻿Study population
	﻿Physical examination
	﻿Laboratory analyses
	﻿Risk scores
	﻿Statistical analyses

	﻿Results
	﻿Discussion
	﻿Progesterone and 17-α-OH-progesterone
	﻿Estrone and estradiol
	﻿Testosterone
	﻿Strengths and limitations

	﻿Conclusions
	﻿References


