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Abstract: To investigate differences in hemodynamic, hormonal and heart rate variability parameters
in women following complication-free pregnancies (healthy), preeclampsia and gestational diabetes
mellitus (GDM) after giving childbirth. Data of 60 women (healthy: n = 29, age 32.7 ± 4.5 years,
BMI 24.2 ± 4.3 kg/m2; preeclampsia: n = 16, age 35.3 ± 4.4 years, 28.5 ± 6.4 kg/m2; GDM, n = 15,
age 32.3 ± 6.0 years, BMI 26.4 ± 6.2 kg/m2) were included. Two visits were conducted 16 and
48 weeks after giving childbirth. Hair samples were taken for analysis of cortisol and testosterone.
ECG and blood pressure were recorded at each visit. Data were analyzed via RM-ANOVA and
post-hoc testing (p ≤ 0.05). Heart rate increased from visit 1 to visit 2, whereas SDNN decreased
(both p = 0.03). RMSSD showed an increased trend for groups (p = 0.06). Testosterone in the GDM
group was significantly higher compared to the other groups (p = 0.002). Cortisol levels were
significantly higher following post-hoc testing GDM was different compared to healthy individuals
(p = 0.02). Hemodynamic changes from week 16 to week 48 did not differ between groups (p > 0.05).
No differences between individuals with preeclampsia and healthy individuals were found for all
hemodynamic parameters (p > 0.05). The study showed higher levels of chronic stress indicators
in GDM measured via heart rate variability and cortisol compared to women with a history of
preeclampsia and healthy women.

Keywords: gestational diabetes; heart rate variability; autonomic regulation; preeclampsia; testosterone

1. Introduction

Human pregnancy leads to alterations in maternal metabolism [1] that may lead to
prenatal complications such as preeclampsia or gestational diabetes mellitus (GDM). While
preeclampsia affects 2–8% of all pregnancies, the global leading cause of maternal and
perinatal morbidity and mortality [2], the prevalence of GDM ranges between 5 and 39%
depending on the cohort investigated and thus represents a public health burden [3–5].
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Preeclampsia is manifested as hypertension with proteinuria affecting multiple or-
gan systems in the second half of pregnancy, almost doubling the risk for a subsequent
cardiovascular events [6]. Women with GDM develop a functional disorder marked by an
increased insulin resistance with insufficient beta cell compensation leading to hypergly-
caemia with features similar to type 2 diabetes (T2DM), often requiring glucose lowering
treatment [7]. Following childbirth, the risk of hyperglycaemia is reduced while the risk of
developing T2DM within 10 years following childbirth remains increased up to 50% [8]. Yet,
it is unclear how the physiology of individuals with preeclampsia and GDM, respectively,
is altered within 1 year after childbirth. Consequently, the aim of this study was to assess
noninvasively hemodynamic markers, hormonal markers according to Slominski et al. [9]
and heart rate variability (HRV) markers following childbirth in women with preeclampsia
or GDM compared to women after complication-free pregnancies.

2. Materials and Methods
2.1. Setting and Study Population

This was a multi-center, retrospective outcome analysis performed in women after
giving childbirth. The study protocol was approved by the local ethics committee (27-515
ex 14/15) and registered at the German Clinical Trials Register (drks.de; DRKS00024606).

The study was performed according to Good Clinical Practice and the Declaration
of Helsinki. Prior to inclusion, participants received a detailed explanation of all study
procedures by a medically trained researcher and subsequently gave their written in-
formed consent. Eligibility criteria were singleton mothers between 18 and 40 years. For
healthy women: uncomplicated singleton pregnancy with term delivery. For women with
gestational diabetes: a fasting plasma glucose level of ≥5.6 mmol/L or a post 2-h oral
glucose tolerance test plasma glucose level of ≥7.8 mmol/L or plasma glucose values
exceeding the following criteria within 24th–28th week of gestation fasted ≥5.1 mmol/L, 1-
h ≥ 10.0 mmol/L or 2-h ≥ 8.5 mmol/L. For women with preeclampsia: systolic blood pres-
sure of ≥140 mmHg and/or diastolic blood pressure of ≥90 mmHg present at ≥20 week’s
gestation in addition to proteinuria ≥300 mg per 24-h urine collection, protein/creatinine
ratio ≥0.3. The definition of preeclampsia proteinuria was not necessary if any other
of the following was present: a systolic blood pressure of ≥160 mmHg, diastolic blood
pressure of 110 mmHg, impaired liver function, renal insufficiency, or pulmonary edema
or symptoms involving neurological involvement such as headache or blurred vision.
Participants were recruited postpartum and attended clinic for two visits at week 16 and
week 48 after childbirth.

Continuous hemodynamic monitoring of blood pressure (BP) and heart rate (HR) was
performed with the Task Force® Monitor (TFM®; CNSystems, Graz, Styria, Austria). The
Task Force® Monitor provides all hemodynamic parameters completely synchronized. HR
was recorded by 3-lead electrocardiography using CNSystems ECG-electrodes placed at
the thoracic region. The continuous BP was derived from the finger using a refined version
of the vascular unloading technique and corrected to absolute values with oscillometric
BP measurement on the contralateral upper arm. The method is based on concentrically
interlocking control loops for correct long-term tracing of finger BP and delivers, in contrast
to intermittent set point re-adjustments of the conventional vascular unloading technique,
BP without interruption. Parameters of HRV were resampled and computed via MATLAB®

(MathWorks, Natick, MA, USA) [10].
Hair samples were collected from the posterior vertex, cut as close to the scalp as

possible and cut in pieces of 40 mm each. A minimum of 10 mg of hair was used for
each sample. Extraction of cortisol was performed by overnight incubation with methanol.
The supernatant was evaporated under nitrogen and re-suspended in phosphate-buffered
saline (PBS) as conducted previously by Slominski et al. [9]. The cortisol and testosterone
in the hair samples were subsequently measured using routinely used and commercially
available salivary ELISA kit for cortisol (NovaTec Immundiagnostica GmbH, Dietzenbach,
Hesse, Germany) and testosterone (Biozol Diagnostica GmbH, Eching, Bavaria, Germany).
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2.2. Statistical Analysis

Analyses of variance were performed with visits 16 and 48 weeks after giving child-
birth as the within-subjects factor group (healthy, preeclampsia and GMD) and as the
between-subjects factor, and the respective cardiovascular, hormonal and heart rate vari-
ability variable as the dependent variable. Due to skewed distributions cortisol and testos-
terone values were natural logarithm transformed. To evaluate the difference between the
three groups, Bonferroni corrected post-hoc tests were conducted.

3. Results

Data of 60 women (healthy: n = 29, age 32.7 ± 4.5 years, BMI 24.2 ± 4.3 kg/m2;
preeclampsia: n = 16, age 35.3 ± 4.4 years, 28.5 ± 6.4 kg/m2; GDM, n = 15, age 32.3 ± 6.0 years,
BMI 26.4 ± 6.2 kg/m2) were included. No significant differences were found for age
(p = 0.16). BMI showed significant differences between groups (p = 0.05), based on signifi-
cantly higher BMI in women with preeclampsia as compared to healthy women (p = 0.04).
No significant differences were found for systolic blood pressure (SBP), mean arterial
pressure (MAP) and diastolic blood pressure (DBP) (all p > 0.05). Heart rate was signifi-
cantly different between visits (p = 0.028). Standard deviation of the NN interval (SDNN),
a parameter of parasympathetic activity and major predictor of cardiac mortality, was
significantly lower in individuals with GDM compared to individuals with preeclampsia
(p < 0.001) and for visits between all groups (p = 0.028). Root mean the square root of the
mean squared differences of successive NN intervals (RMSSD), a parameter of the balance
between parasympathetic and sympathetic activity, was significantly different between
all groups (p = 0.042). Cortisol levels were significantly different between uncomplicated
pregnancies and individuals with preeclampsia (p < 0.001). Testosterone levels were signifi-
cantly higher in individuals with preeclampsia compared to both other groups (p < 0.001).
All results of this analysis are given in Table 1.

Table 1. Anthropometric, cardiovascular and hormonal results.

Healthy Preeclampsia GDM F-Statistics

n 29 16 15

SBP (mmHg) group F(2,57) = 1.91; p = 0.158

Visit 1 (16 weeks) 106.8 ± 10.1 114.1 ± 12.4 107.5 ± 15.0 visit F(1,57) = 0.05; p = 0.819

Visit 2 (48 weeks) 106.3 ± 9.3 112.7 ± 14.1 108.4 ± 16.4 visit x group F(2,57) = 0.19; p = 0.827

MAP (mmHg) group F(2,57) = 2.75; p = 0.073

Visit 1 (16 weeks) 84.4 ± 9.2 92.4 ± 10.9 86.1 ± 12.3 visit F(1,57) = 0.66; p = 0.421

Visit 2 (48 weeks) 84.2 ± 8.6 90.0 ± 10.2 85.7 ± 14.2 visit x group F(2,57) = 0.30; p = 0.739

DBP (mmHg) group F(2,57) = 2.21; p = 0.120

Visit 1 (16 weeks) 68.4 ± 9.1 75.6 ± 10.4 70.0 ± 10.8 visit F(1,57) = 1.90; p = 0.174

Visit 2 (48 weeks) 68.5 ± 8.3 72.3 ± 8.5 68.2 ± 12.6 visit x group F(2,57) = 0.74; p = 0.481

Heart rate (bpm) Visit group F(2,57) = 0.07; p = 0.935

Visit 1 (16 weeks) 72.4 ± 8.0 72.8 ± 7.3 71.9 ± 9.6 visit F(1,57) = 5.08; p = 0.028

Visit 2 (48 weeks) 74.7 ± 10.0 73.8 ± 8.5 76.7 ± 13.0 visit x group F(2,57) = 0.75; p = 0.476

SDNN (ms) Visit, GRP group F(2,57) = 3.55; p = 0.035

Visit 1 (16 weeks) 49.1 ± 13.3 43.5 ± 13.2 3 55.0 ± 18.7 2 visit F(1,57) = 5.28; p = 0.025

Visit 2 (48 weeks) 42.4 ± 14.2 36.3 ± 12.9 51.9 ± 29.0 visit x group F(2,57) = 0.24; p = 0.788

RMSSD (ms) GRP group F(2,57) = 3.43; p = 0.042

Visit 1 (16 weeks) 38.9 ± 16.2 33.3 ± 14.3 49.6 ± 27.9 visit F(1,57) = 1.80; p = 0.184

Visit 2 (48 weeks) 31.4 ± 12.7 31.2 ± 18.5 47.4 ± 40.9 visit x group F(2,57) = 0.45; p = 0.639
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Table 1. Cont.

Healthy Preeclampsia GDM F-Statistics

n 29 16 15

Cortisol (pg/mg hair) GRP group F(2,57) = 7.31; p = 0.022

Visit 1 (16 weeks) 13.71 ± 6.25 3 14.37 ± 7.54 18.81 ± 9.61 1 visit F(1,57) = 1.37; p = 0.247

Visit 2 (48 weeks) 12.29 ± 5.11 14.02 ± 8.39 17.83 ± 10.01 visit x group F(2,57) = 0.24; p = 0.789

Testosterone (pg/mg hair) GRP group F(2,57) = 4.11; p = 0.002

Visit 1 (16 weeks) 0.82 ± 0.37 3 0.86 ± 0.31 3 1.27 ± 0.75 1,2 visit F(1,57) = 0.01; p = 0.916

Visit 2 (48 weeks) 0.88 ± 0.71 0.86 ± 0.37 1.27 ± 0.64 visit x group F(2,57) = 0.03; p = 0.976

Visit depicts significant differences between visit 1 & 2, GRP depicts significant differences between groups. 1 (healthy), 2 (preeclampsia), &
3 (GDM) depict significant differences following post-hoc testing. Values are given as mean ± standard deviation. SBP: Systolic blood
pressure, MAP: Mean artieral pressure, DBP: Diastolic blood pressure, SDNN: Standard deviation of the NN interval, RMSSD: Root mean
the square root of the mean squared differences of successive NN intervals.

4. Discussion

To our knowledge, this is the first study investigating the effects of preeclampsia and
GDM in comparison to uncomplicated pregnancies on hemodynamic parameters, hor-
monal levels and HRV after pregnancy. Our analysis showed no blood pressure differences
between groups after 16 and 48 weeks postpartum. However, differences in heart rate,
SDNN and RMSSD between groups and visits were found. Cortisol levels were higher
in GDM compared to the control group, while testosterone levels remained increased in
GDM compared to both other groups.

Villarreal et al. investigated sexual steroid levels of women with type 2 diabetes and
GDM during pregnancy and found higher testosterone levels compared to controls [11].
The decreased estrogen levels and estradiol/testosterone ratio found in that particular
study suggest a diminished aromatase activity during gestation in this particular cohort;
however, it was yet to be known that testosterone levels remain increased in women with a
history of GDM 16 to 48 weeks after giving childbirth. It is unclear how GDM may affect the
perinatal programming towards an increased risk for chronic diseases, such as metabolic
syndrome and type 2 diabetes in adulthood. The long-term effects on women’s health of
significantly increased levels of testosterone and cortisol compared to the control group
and women that had preeclampsia several weeks postpartum is yet to be investigated.
However, previous studies have shown that increased testosterone levels in women are
associated with insulin resistance, higher glucose concentrations and increased body fat—a
precursor of developing metabolic syndrome more rapidly than women without a history
of GDM [12].

Blood pressure levels are similar between all groups, which is coherent, since blood
pressure values of preeclampsia are supposed to return back to normal within 12 weeks
after childbirth [13]. Amaral et al. highlighted that preeclampsia may induce long-term
consequences for vascular health postpartum [14]. This is not reflected by SBP or DBP.
However, RMSSD in preeclampsia is the lowest and reflective of higher stress levels.
Furthermore, SDNN, a marker predictive for cardiac mortality is significantly reduced up
to 48 weeks postpartum in preeclampsia, which underpins the aforementioned potential
long-term consequences [15]. Findings from this study are in line with previous findings
from perinatal research [14,16]. Increased sleep deprivation in the first 16 weeks following
childbirth may be considered as a possible confounding stress variable; however, this
applies to all groups, which is why this factor is negligible. In future studies, sleep quality
should be monitored to ensure that this parameter is not a confounder for hormonal
measurements.

It has yet to be known that the effects of preeclampsia and GDM are still traceable for
48 weeks postpartum. A potential reason for the increased testosterone levels in the GDM
group could be polycystic ovary syndrome (PCOS), which is associated with increased
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insulin insensitivity and higher androgen levels [17], though no cases with PCOS were
included in our cohort. As a result of our study design, whether testosterone levels were
increased prior to the manifestation of GDM in this cohort cannot be retraced. The course
of androgen levels should be investigated during pregnancy and post-partum in future
studies to further elucidate this process.

Our study is not without limitations since the number of visits and the sample sizes
for each group are rather small and demand follow-up studies with a larger cohort to gain
further insight into the physiological processes.

Furthermore, perinatal measurements were not conducted, though was not the aim
of this study. Nonetheless, perinatal measurements would have been helpful to explain
our findings in more detail since the course of the physiological adaptations in the peri-
natal phase could potentially give further information on how to predict physiological
outcomes postpartum.

In addition, we did not conduct invasive methods to measure levels of sexual steroid
hormones from venous blood, which is conducted in general practice. Using solely non-
invasive methods to depict physiological alterations postpartum is novel and applicable
since the applied techniques are easy to conduct and may also be applied in clinic and by
other researchers.

5. Conclusions

In conclusion, our study highlights the long-term effects of preeclampsia and GDM
up to 48 weeks after giving childbirth in comparison to healthy controls. These findings
should stimulate further investigating of physiological alterations of the female body
following pregnancy.

Author Contributions: Conceptualization, H.K.L., M.G.M., A.R., I.P. and K.S.-Z.; Methodology,
M.L.E., O.M., A.R., M.G.M., A.J., I.P., J.W., K.S.-Z., H.S., G.T. and H.K.L.; Software, H.K.L.; Validation,
H.K.L., A.R., K.S.-Z., A.J., I.P., J.W.; Formal Analysis, H.K.L. and M.L.E.; Investigation, A.R., M.G.M.,
K.S.-Z., A.R., A.J., J.W.; Data curation, H.K.L. and M.L.E.; Interpretation, M.L.E., O.M., A.R., M.G.M.,
A.J., I.P., J.W., K.S.-Z., H.S., G.T. and H.K.L.; Writing- Original Draft Preparation, M.L.E., H.K.L., H.S.,
G.T., O.M.; Writing Review and Editing, M.L.E., O.M., A.R., M.G.M., A.J., I.P., J.W., K.S.-Z., H.S., G.T.
and H.K.L.; Visualization, H.K.L. and M.L.E. Project administration, H.K.L. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Ethics Committee of Medical University
Graz (No. 27–515 ex 14/15) and the Ethics committee Carinthia (No. A16/15).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data will be made available on demand by the corresponding author
via email contact.

Conflicts of Interest: M.L.E. has received a KESS2/European Social Fund scholarship and travel
grants from Novo Nordisk A/S and Sanofi-Aventis, research grants form Sanofi-Aventis and Dexcom.
O.M. has received lecture fees from Medtronic, travel grants from Novo Nordisk A/S, Novo Nordisk
AT, Novo Nordisk UK, Medtronic AT, Sanofi-Aventis, research grants from Sêr Cymru II COFUND
fellowship/European Union, Novo Nordisk A/S, Dexcom, Sanofi-Aventis and Novo Nordisk AT as
well as material funding from Abbott Diabetes Care. H.S. has received honoraria, travel support or
unrestricted research grants by Amgen, Astra Zeneca, Boehringer-Ingelheim, Eli Lilly, MSD, Novo
Nordisk and Sanofi-Aventis. The remaining authors have nothing to declare.

References
1. Zeng, Z.; Liu, F.; Li, S. Metabolic Adaptations in Pregnancy: A Review. Ann. Nutr. Metab. 2017, 70, 59–65. [CrossRef] [PubMed]
2. Brown, M.A.; Magee, L.A.; Kenny, L.C.; Karumanchi, S.A.; McCarthy, F.P.; Saito, S.; Hall, D.R.; Warren, C.E.; Adoyi, G.; Ishaku, S.

The hypertensive disorders of pregnancy: ISSHP classification, diagnosis & management recommendations for international
practice. Pregnancy Hypertens. 2018, 291–310. [CrossRef]

http://doi.org/10.1159/000459633
http://www.ncbi.nlm.nih.gov/pubmed/28297696
http://doi.org/10.1016/j.preghy.2018.05.004


Life 2021, 11, 626 6 of 6

3. Eades, C.E.; Cameron, D.M.; Evans, J.M.M. Prevalence of gestational diabetes mellitus in Europe: A meta-analysis. Diabetes Res.
Clin. Pract. 2017, 129, 173–181. [CrossRef] [PubMed]

4. Lee, K.W.; Ching, S.M.; Ramachandran, V.; Yee, A.; Hoo, F.K.; Chia, Y.C.; Sulaiman, W.A.W.; Suppiah, S.; Mohamed, M.H.; Veettil,
S.K. Prevalence and risk factors of gestational diabetes mellitus in Asia: A systematic review and meta-analysis. BMC Pregnancy
Childbirth 2018, 18, 1–20. [CrossRef] [PubMed]

5. Egan, A.M.; on behalf of the DALI Core Investigator Group; Vellinga, A.; Harreiter, J.; Simmons, D.; Desoye, G.; Corcoy, R.;
Adelantado, J.M.; Devlieger, R.; Van Assche, A.; et al. Epidemiology of gestational diabetes mellitus according to IADPSG/WHO
2013 criteria among obese pregnant women in Europe. Diabetologia 2017, 60, 1913–1921. [CrossRef] [PubMed]

6. Leon, L.J.; McCarthy, F.P.; Direk, K.; Gonzalez-Izquierdo, A.; Prieto-Merino, D.; Casas, J.P.; Chappell, L. Preeclampsia and
cardiovascular disease in a large UK pregnancy cohort of linked electronic health records a CALIBER study. Circulation 2019, 140,
1050–1060. [CrossRef] [PubMed]

7. Daniele, G.; Tura, A.; Dardano, A.; Bertolotto, A.; Bianchi, C.; Giusti, L.; Kurumthodathu, J.J.; Del Prato, S. Effects of treatment
with metformin and/or sitagliptin on beta-cell function and insulin resistance in prediabetic women with previous gestational
diabetes. Diabetes Obes Metab. 2020, 22, 648–657. [CrossRef] [PubMed]

8. Auvinen, A.-M.; Luiro, K.; Jokelainen, J.; Järvelä, I.; Knip, M.; Auvinen, J.; Tapanainen, J.S. Type 1 and type 2 diabetes after
gestational diabetes: A 23 year cohort study. Diabetologia 2020, 63, 2123–2128. [CrossRef] [PubMed]

9. Slominski, R.; Rovnaghi, C.R.; Anand, K.J.S. Methodological Considerations for Hair Cortisol Measurements in Children. Ther.
Drug Monit. 2015, 37, 812–820. [CrossRef] [PubMed]

10. Lackner, H.K.; Batzel, J.J.; Rössler, A.; Hinghofer-Szalkay, H.; Papousek, I. Multi-Time Scale Perspective in Analyzing Cardiovas-
cular Data. Physiol. Res. 2014, 63, 439–456. [CrossRef] [PubMed]

11. Villareal, D.T.; Chode, S.; Parimi, N.; Sinacore, D.R.; Hilton, T.; Armamento-Villareal, R.; Napoli, N.; Qualls, C.; Shah, K. Weight
Loss, Exercise, or Both and Physical Function in Obese Older Adults. N. Engl. J. Med. 2011, 364, 1218–1229. [CrossRef] [PubMed]

12. Lutz, S.Z.; Wagner, R.; Fritsche, L.; Peter, A.; Rettig, I.; Willmann, C.; Fehlert, E.; Martus, P.; Todenhöfer, T.; Stefan, N.; et al.
Sex-Specific Associations of Testosterone With Metabolic Traits. Front. Endocrinol. 2019, 10, 1–5. [CrossRef] [PubMed]

13. Rana, S.; Lemoine, E.; Granger, J.P.; Karumanchi, S.A. Preeclampsia. Circ. Res. 2019, 124, 1094–1112. [CrossRef] [PubMed]
14. LaMarca, B.; Cunningham, M.; Cornelius, D.; Amaral, L. Preeclampsia: Long-term consequences for vascular health. Vasc. Heal.

Risk Manag. 2015, 11, 403–415. [CrossRef] [PubMed]
15. Electrophysiology TF of the ES. Heart Rate Variability. Circulation 1996, 93, 1043–1065. [CrossRef]
16. Svare, J.A.; Hansen, B.B.; Mølsted-Pedersen, L. Perinatal complications in women with gestational diabetes mellitus. Acta Obstet.

Gynecol. Scand. 2001, 80, 899–904. [CrossRef] [PubMed]
17. Sir-Petermann, T.; Maliqueo, M.; Angel, B.; Lara, H.; Pérez-Bravo, F.; Recabarren, S. Maternal serum androgens in pregnant

women with polycystic ovarian syndrome: Possible implications in prenatal androgenization. Hum. Reprod. 2002, 17, 2573–2579.
[CrossRef] [PubMed]

http://doi.org/10.1016/j.diabres.2017.03.030
http://www.ncbi.nlm.nih.gov/pubmed/28531829
http://doi.org/10.1186/s12884-018-2131-4
http://www.ncbi.nlm.nih.gov/pubmed/30547769
http://doi.org/10.1007/s00125-017-4353-9
http://www.ncbi.nlm.nih.gov/pubmed/28702810
http://doi.org/10.1161/CIRCULATIONAHA.118.038080
http://www.ncbi.nlm.nih.gov/pubmed/31545680
http://doi.org/10.1111/dom.13940
http://www.ncbi.nlm.nih.gov/pubmed/31802616
http://doi.org/10.1007/s00125-020-05215-3
http://www.ncbi.nlm.nih.gov/pubmed/32725280
http://doi.org/10.1097/FTD.0000000000000209
http://www.ncbi.nlm.nih.gov/pubmed/25811341
http://doi.org/10.33549/physiolres.932603
http://www.ncbi.nlm.nih.gov/pubmed/24702493
http://doi.org/10.1056/NEJMoa1008234
http://www.ncbi.nlm.nih.gov/pubmed/21449785
http://doi.org/10.3389/fendo.2019.00090
http://www.ncbi.nlm.nih.gov/pubmed/30930846
http://doi.org/10.1161/CIRCRESAHA.118.313276
http://www.ncbi.nlm.nih.gov/pubmed/30920918
http://doi.org/10.2147/VHRM.S64798
http://www.ncbi.nlm.nih.gov/pubmed/26203257
http://doi.org/10.1161/01.CIR.93.5.1043
http://doi.org/10.1080/791200705
http://www.ncbi.nlm.nih.gov/pubmed/11580734
http://doi.org/10.1093/humrep/17.10.2573
http://www.ncbi.nlm.nih.gov/pubmed/12351531

	Introduction 
	Materials and Methods 
	Setting and Study Population 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

