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Can fetal heart rate in twin pregnancy
in the first trimester be useful as a marker
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Introduction. Assessment of the fetal heart rate become
a routine manner and was found to be helpful in making
important clinical decisions. In the available literature there
are no any information about fetal heart rate in twin pregnan-
cy and it usefulness in predicting pregnancy outcome.
Objective. The aim of our study was to evaluate a range of
heart rates in the first trimester in twin pregnancy and the
influence of the rate of fetal heart on the outcome of the
pregnancy.
Material and methods. The study included 89 twin pregnan-
cies between 6 and 11 weeks of pregnancy (78 pregnancies
finished with good outcome and 11 with unfavorable outco-
me).
Results. The date shows that the heart rate of embryos / fetuses
in the first trimester of an uncomplicated twin pregnancy
progressively increases between 6 and 8 weeks of pregnancy
and then slows down in week 11. Our data shows that the rate
of fetal death in the first trimester of twin pregnancy increases
progressively with decreasing of the heart rate. In our study
none of the twins survived when the observed rate of the fetal
heart was less than 110 beats per minute and half of them died
when heart rate was between 110 and 120 beats per min.
Furthermore, the significant difference in the heart rates of a
set of twins was connected with a poor prognosis. In mono-
chorionic pregnancies with a significant difference in heart rate
(20 beats/min or more) despite a normal fetal heart rate (120
beats/min or more) TTTS syndrome was confirmed later in
pregnancy.
Conclusions. The heart rate in twin pregnancy more than 120
beats per minute is connected with a good prognosis, whe-
reas below 110 beats per minute with a poor prognosis.
Furthermore, the significant difference in fetal heart rate (20
beats/min or more) can be a marker of developing TTTS syn-
drome later in pregnancy.
Key words: fetal heart rate; twin pregnancy; first trimester;
TTTS
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INTRODUCTION
In the past and nowadays the fetal heart rate
is being used as a confirmation of the embryo/
fetal life. Large group studies have reported
changes in the heart rate in early stage of pre-
gnancy [1-10]. Furthermore, miscarriages were
observed in pregnancies with abnormal fetal
heart rate [1-7,11]. Therefore assessment of the
fetal heart rate become a routine manner and
was found to be helpful in making important
clinical decisions. However in the available li-
terature there are no any information about
fetal heart rate in twin pregnancy.

AIM
The aim of our study was to evaluate range of
heart rate in first trimester in twin pregnancy
and influence of rate of fetal heart on pregnancy
outcome.

MATERIALS AND METHODS
The study was conducted in the Ultrasound Unit
in Healthcare Center in Kutno from 2010 to
2016. In the study were included 89 twin pre-
gnancies between 6 and 11 weeks of pregnan-
cy (78 pregnancies finished with good outco-
me and 11 with unfavorable outcome). All
pregnancies with risk factors (smoking, alcohol,
drug addiction) and complications (diabetes
mellitus, hypertension, anemia) were excluded
from the study

Measurements were obtained using ultraso-
und machine (B&K Medical 3535 and Voluson
730 PRO) with vaginal probe of 6.5 MHz fre-
quency. All pregnancies were calculated accor-
ding CRL measurement. The gestational age
was given in weeks according formula: 7 we-
eks = 7 weeks + 0/6 days. The heart rate was
performed using M-mode technique for each
twin separately.
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INTRODUCTION
Obesity is linked to a condition called polycystic ovary 

syndrome (PCOS). PCOS causes irregular or heavy periods. 
Common features include higher testosterone and insulin 
levels, and lower levels of a hormone called sex hormone-
binding globulin. This explains why there is a similarity in 
the symptoms of these conditions [1]. Chronic anovulation, 
hyperandrogenism and polycystic in ovaries are the most 
frequent endocrine condition in women between the ages 
of 18 and 44 [2]. It has been demonstrated that PCOS is 
a chronic low-grade inflammatory condition [3]. In vitro 
studies indicate that pro-inflammatory stimuli may induce 
the upregulation of steroidogenic enzymes in theca cells 
of the ovary, thereby contributing to the production 
of androgens and resulting in hyperandrogenism. This 
concept suggests that inflammation may be a direct cause 
of hyperandrogenism in PCOS [4].

In humans, adipocyte TNF-α levels are linked to obesity, 
but there is significant heterogeneity in expression, 
suggesting additional mechanisms are responsible. There 
is a correlation between obesity and insulin resistance, 
as well as the elevation of TNF-α in adipose tissue and 
skeletal muscle. This is because TNF-α is responsible 
for insulin resistance through the autocrine-paracrine 
pathway [5]. In obese adipocytes, the production of IL-6 
and IL-8 is increased, and this may potentially influence 
the action of insulin either locally or circulatingly. TNF-α
has been studied a lot in relation to insulin resistance, but 
only a few studies have involved human subjects. None 
of these have looked at how cytokine expression affects 
insulin resistance in obese people [6].

METHOD

Study groups

The prospective study groups consist of 6 groups 
according to BMI, with a total of 150 women. Each group 
is as follows:

• Group 1: Normal-weight non-PCOS women with
BMI (20.0-23.0 kg/m2)

• Group 2: Overweight non-PCOS women with BMI
(28.0–32.0 kg/m2)

• Group 3: Obese non- PCOS women with BMI
(>32.0 kg/m2)

• Group 4: Normal-weight PCOS women with BMI
(20.0-23.0 kg/m2)

• Group 5: Overweight PCOS women with BMI
(28.0-32.0 kg/m2)
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Background: In Polycystic Ovary Syndrome (PCOS), sex hormones exert a 
regulatory influence over ovarian follicular development and a number of 
other functions within the body. It has been postulated that cytokines may 
operate as putative local regulators in PCOS.

Methods and materials:  The prospective research groups were divided 
into six categories according to Body Mass Index (BMI), with a total of 150 
women enrolled in the study. The aim was to investigate the link between 
sex hormones and inflammation markers in women with different body 
types and without PCOS.

Result: The results of the study indicated a notable decline (p<0.05) in 
hormone levels in the non-PCOS groups when compared to the PCOS 
groups. The lowest levels of TNF-α, IL-6 and IL-8 were observed in the 
non-PCOS groups. The highest levels were observed in women with PCOS.

Conclusion: Sex hormone levels get greater in a weight-dependent 
manner and in the presence of PCOS scenario.

Keywords: BMI; Cytokine; Sex hormones; Polycystic ovary syndrome
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RESULTS
The mean fetal heart rate in the first trimester
of twin pregnancy with good outcome is pre-
sented in Table 1. The above data show that the
heart rate of embryos / fetuses in the first tri-
mester of uncomplicated twin pregnancy pro-
gressively increases between 6 and 8 weeks of
pregnancy, reaches the nadir of 170 beats per
minute in week 8 and then slows down to 150
beats per minute in week 11. The biggest dif-
ference in heart rate between a pair of twins
was found between 6 and 7 weeks of pregnan-
cy. Later in pregnancy, up to 11+6 weeks the
difference was similar and remained low.

Tab. 2. Fetal heart rate in the first
trimester of twin pregnancies with
unfavorable outcome

No. Gestational
age

(in weeks)

Heart rate
twin A / twin B

(beats/min)

The
difference
in heart

rate
between

twins
 (beats/

min.)

Type
of complications

1. 6+0 – 6+6 118/158 30 death of both
fetuses MCDA

2. 7+0 – 7+6 115/119 4 death of both
fetuses DCDA

3. 7+0 – 7+6 138/168 30 TTTS at 28 weeks
MCDA

4. 8+0 – 8+6 105/129 14 death of both
fetuses MCDA

5. 9+0 – 9+6 104/118 14 miscarriage DCDA

6. 10+0 – 10+6 95/109 13 death of both
fetuses MCMA

7. 10+0 – 10+6 0/24 24 death of both
fetuses MCMA

8. 9+0 – 9+6 124/146 22 TTTS at 28 weeks
MCDA

9. 7+0 – 7+6 98/106 8 death of both
fetuses MCDA

10. 7+0 – 7+6 115/124 9 miscarriage at 8
weeks MCD

11. 7+0 – 7+6 110/122 12 miscarriage at 10
weeks DCDA

TTTS – Twin-to-twin transfusion syndrome

Tab. 1. The mean fetal heart rate
and the difference in heart rate
between the pair of twins betwe-
en 6 and 11 weeks of uncomplica-
ted twin pregnancy

Group Gestational
age (weeks)

The mean
heart rate

(beats/min.)

Range
(beats/min)

The difference
in heart rate

between twins
(beats/min.)

1 (n=12) 6+0 – 6+6 141 125 - 158 11
2 (n=10) 7+0 – 7+6 140 115 - 169 11
3 (n=10) 8+0 – 8+6 170 164 - 176 6
4 (n=18) 9+0 – 9+6 165 136 - 179 6
5 (n=16) 10+0 – 10+6 160 146 - 176 5
6 (n=12) 11+0 – 11+6 150 136 - 164 6

Fetal heart rate in the first trimester of twin
pregnancies with unfavorable outcome is pre-
sented in Table 2.

In the case of intrauterine fetal demise of
both twins the heart rate was below 120 beats
per minute in at least one of the twins. Further-
more, we found that the difference in the he-
art rate is as important as the heart rate itself.
In pregnancies with high difference in heart rate
(20 or more beats/min) the outcome of the
pregnancy was unfavorable (death or TTTS
syndrome). In two cases with the fetal heart rate
more than 120 beats/min and high difference
in the heart rate, TTTS syndrome was observed
later in pregnancy.

• Group 6: Obese PCOS women with BMI (>32.0 kg/
m2)

Biochemical measurement 

The clinical characteristics of the women, including 
the presence of acne and hirsutism, were evaluated. 
Additionally, the subjects' metabolic metrics, including 
their body mass index, insulin resistance as evaluated 
using the homeostatic model, serum insulin, and 
glucose concentration, were assessed. The following 
hormonal parameters were the focus of the assessment: 
Follicle-Stimulating Hormone (FSH), free testosterone, 
Dehydroepiandrosterone Sulfate (DHEA-S), and 
Luteinizing Hormone (LH). In addition to the measurement 
of serum human IL-6, TNF-α, and IL-8 concentrations, 
cortisol levels and estradiol were also measured in order 
to provide a comprehensive analysis of the endocrine and 
inflammatory profile.

Statistical analysis

A univariate linear regression model was employed 
to examine the relationship between BMI and various 
biomarkers. The objective of this analysis was to 
determine whether a connection exists between BMI 
and these markers. Additionally, we analysed how age 
influences biomarker levels in the body. To this end, a 
Student's t-test was conducted to compare groups across 
different time points, and a linear model was utilized to 

assess the impact of BMI on biomarker levels.

RESULTS 

The effect of obesity on sex hormones and 
polycystic ovary syndrome

The findings of the present study demonstrated 
a substantial decrease (p<0.05) in the levels of sex 
hormones in women diagnosed with non-polycystic ovary 
syndrome (non-PCOS) when compared to those with 
PCOS. A statistically significant difference was observed 
between the groups without PCOS; however, obese 
women exhibited the highest levels. Serum levels of LH, 
FSH, testosterone, and DHEA-S were found to be two 
to three times higher in women with PCOS compared 
to those without the condition. The mean differences in 
biochemical data are presented in Tab. 1. and Fig. 1.

The present investigation observed the serum levels 
of TNF-α, IL-6 and IL-8 in 150 women, including those with 
normal weight, overweight and obese, as well as patients 
with and without PCOS. The results are reported in Tab. 
2. and Fig. 2. It was observed that the lowest values for 
TNF-α, IL-6 and IL-8 were reported in participants without 
PCOS. The highest values were observed in PCOS women. 
Among non-PCOS women, there is significant difference 
(p<0.05) when compared between. However, there 
is significant difference between non-PCOS and PCOS 
women.

Groups/Hormones LH (µIU/mL) 
Means ± SD

FSH (µIU/mL) 
Means ± SD

Testosterone (nmol/L) 
Means ± SD

DHEA-s (nmol/L)
Means ± SD

(G1) 6.39 ± 2.21 5.56 ± 2.08 0.68 ± 0.13 123.21 ± 29.63

(G2) 6.49 ± 1.94 5.96 ± 2.98 0.87 ± 0.31 148.40 ± 49.52

(G3) 9.11 ± 2.82 8.19 ± 2.77 1.72 ± .53 243.06 ± 83.71

(G4) 12.54 ± 4.83 10.14 ± 3.84 2.51 ± 0.88 347.13 ± 90.56

(G5) 16.54 ± 3.8 10.14 ± 3.88 3.21 ± 0.28 397.13 ± 62.51

(G6) 19.54 ± 5.53 14.12 ± 2.59 3.89 ± 0.31 447.13 ± 62.46

P value * * * *

Significant (α=0.05) Yes Yes Yes Yes

Tab. 1. Biochemical variables in 
studied groups. G1: normal-weight 
non-PCOS women, G2: overweight 
non-PCOS women, G3: obese non-
PCOS women, G4: normal-weight 
PCOS women, G5: overweight PCOS 
women. G6: Obese PCOS women. LH 
(Luteinizing Hormone), FSH (Follicle 
Stimulating Hormone), and DHEA-S 
(Dehydroepiandrosterone sulfate). 
The P-value was less than 0.05, indi-
cating a statistically significant result.

Fig. 1. Biochemical variables in 
studied groups of obesity on sex 
hormones and polycystic ovary 
syndrome.

Groups/Hormones TNF‐α (pg/mL)
Means ± SD

IL-6 (pg/mL)
Means ± SD

IL-8 (pg/mL)
Means ± SD

(G1) 127.8 ± 9.5 22.6 ± 2.3 16.1 ± 4.2

(G2) 186.8 ± 35.8 241.2 ± 11.5 347.2 ± 51.4

(G3) 273.7 ± 85.1 315.0 ± 4.0 437.1 ± 101.4

(G4) 652.1 ± 95.2 532.1 ± 28.8 576.3 ± 109.4

(G5) 857.4 ± 112.9 642.2 ± 11.0 682.9 ± 117.0

(G6) 941.6 ± 105.68 1089.9 ± 98.2 975.3 ± 111.6

P value * * *

Significant (α=0.05) Yes Yes Yes

Tab. 2. Biochemical variables in 
studied groups TNF-α, IL-6 and IL-8 
levels and obesity-related polycystic 
ovary syndrome.
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Correlations between biomarkers and BMI

Hormones were correlated with percent body 
fat (r=0.95, p<0.0001) in women with and without 
PCOS compared with women with average BMI. The 
immunological markers levels were measured in the 
same BMI categories. Individuals with a high body fat 
percentage and a high BMI tended to have higher levels 
of TNF-α, IL-6 and IL-8. These alterations were statistically 
significant, nevertheless, and there was a substantial 
correlation between rising obesity and immunity marker.  

DISCUSSION 
The results of our investigation suggested that the 

levels of hormones were higher in women with PCOS 
than in those without the disorder. This shows that there 
may be a relationship between the two. Furthermore, 
the findings indicated that obese women exhibited 
higher levels of hormones than non-obese women, which 
could indicate a correlation between hormonal levels and 
adipose tissue. Additionally, the data show that there 
may be a relationship between the disease itself and 
these hormonal and metabolic parameters.

In Polycystic Ovarian Syndrome (PCOS), the 
hypothalamic-pituitary-ovarian axis is disturbed, resulting 
in an increased ratio of Luteinizing Hormone (LH) to 
Follicle-Stimulating Hormone (FSH) and enhanced pulse 
frequency of gonadotropin-releasing hormone (GnRH) 
[7,8]. The primary cause of the symptoms of clinical 
hyperandrogenism is an excess of androgen produced 
by ovarian theca cells due to a high LH/FSH ratio. Low 
levels of serum Sex Hormone-Binding Globulin (SHBG), 
abnormal gonadotropin (LH and FSH), high levels 
of adrenal and ovarian androgen and estrogen, and 
occasionally raised blood insulin are characteristics of the 
endocrine profile of women with PCOS [9].  

In women with polycystic ovarian syndrome (PCOS), 
the high Luteinizing Hormone (LH) to Follicle-Stimulating 
Hormone (FSH) ratio results in the failure of ovulation. 
The major treatments for PCOS are lifestyle adjustments, 

primarily weight loss, in conjunction with medications 
[10]. It has been found that between 50 and 90% of 
women with PCOS exhibit high androgen levels, principally 
testosterone and DHEAs, depending on the androgens 
under evaluation and the methods applied. Nevertheless, 
considerable inter-individual heterogeneity is seen, with 
some participants having complete hormonal androgen 
levels [11,12]. 

The current study found a relationship between Iraqi 
women with PCOS and those without PCOS in terms of 
immunological markers levels in BMI. Our investigation 
has demonstrated a substantial positive connection 
between these indicators and fat mass in PCOS and non-
PCOS participants. The literature on raised cytokines 
marker levels in female infertility and obese PCOS is 
scarce. 

TNF-α is produced by adipocytes and is increased in the 
adipose tissue of obese subject. This may play a key role in 
obesity-related insulin resistance [13]. Despite the proven 
association between adipocyte TNF-α concentration and 
obesity, considerable interindividual heterogeneity has 
been found in humans, indicating that additional variables 
may influence TNF-α expression [14]. A cytokine that is 
secreted by a variety of cell types, including adipocytes 
and adipose stromal cells. It has been demonstrated that 
the release of IL-6 and IL-8 is elevated in the adipocytes of 
individuals with obesity [15]. This may be of significance 
as either a circulating hormone or as a local regulator of 
insulin activity. While various studies have investigated 
the function of TNF-α in insulin resistance, only a limited 
number have recruited human volunteers. Moreover, 
no study has ever done a full assessment of cytokine 
expression, including the evaluation of insulin resistance, 
in obese patients [16,17].

CONCLUSION 
Sex hormone levels get higher in a weight-dependent 

manner and in the presence of PCOS situation. The 
regulation of immunity markers is also enhanced in the 
same way.

Fig. 2. Biochemical variables in 
studied groups TNF-α, IL-6 and 
IL-8 levels and obesity-related 
polycystic ovary syndrome.
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RESULTS
The mean fetal heart rate in the first trimester
of twin pregnancy with good outcome is pre-
sented in Table 1. The above data show that the
heart rate of embryos / fetuses in the first tri-
mester of uncomplicated twin pregnancy pro-
gressively increases between 6 and 8 weeks of
pregnancy, reaches the nadir of 170 beats per
minute in week 8 and then slows down to 150
beats per minute in week 11. The biggest dif-
ference in heart rate between a pair of twins
was found between 6 and 7 weeks of pregnan-
cy. Later in pregnancy, up to 11+6 weeks the
difference was similar and remained low.

Tab. 2. Fetal heart rate in the first
trimester of twin pregnancies with
unfavorable outcome

No. Gestational
age

(in weeks)

Heart rate
twin A / twin B

(beats/min)

The
difference
in heart

rate
between

twins
 (beats/

min.)

Type
of complications

1. 6+0 – 6+6 118/158 30 death of both
fetuses MCDA

2. 7+0 – 7+6 115/119 4 death of both
fetuses DCDA

3. 7+0 – 7+6 138/168 30 TTTS at 28 weeks
MCDA

4. 8+0 – 8+6 105/129 14 death of both
fetuses MCDA

5. 9+0 – 9+6 104/118 14 miscarriage DCDA

6. 10+0 – 10+6 95/109 13 death of both
fetuses MCMA

7. 10+0 – 10+6 0/24 24 death of both
fetuses MCMA

8. 9+0 – 9+6 124/146 22 TTTS at 28 weeks
MCDA

9. 7+0 – 7+6 98/106 8 death of both
fetuses MCDA

10. 7+0 – 7+6 115/124 9 miscarriage at 8
weeks MCD

11. 7+0 – 7+6 110/122 12 miscarriage at 10
weeks DCDA

TTTS – Twin-to-twin transfusion syndrome

Tab. 1. The mean fetal heart rate
and the difference in heart rate
between the pair of twins betwe-
en 6 and 11 weeks of uncomplica-
ted twin pregnancy

Group Gestational
age (weeks)

The mean
heart rate

(beats/min.)

Range
(beats/min)

The difference
in heart rate

between twins
(beats/min.)

1 (n=12) 6+0 – 6+6 141 125 - 158 11
2 (n=10) 7+0 – 7+6 140 115 - 169 11
3 (n=10) 8+0 – 8+6 170 164 - 176 6
4 (n=18) 9+0 – 9+6 165 136 - 179 6
5 (n=16) 10+0 – 10+6 160 146 - 176 5
6 (n=12) 11+0 – 11+6 150 136 - 164 6

Fetal heart rate in the first trimester of twin
pregnancies with unfavorable outcome is pre-
sented in Table 2.

In the case of intrauterine fetal demise of
both twins the heart rate was below 120 beats
per minute in at least one of the twins. Further-
more, we found that the difference in the he-
art rate is as important as the heart rate itself.
In pregnancies with high difference in heart rate
(20 or more beats/min) the outcome of the
pregnancy was unfavorable (death or TTTS
syndrome). In two cases with the fetal heart rate
more than 120 beats/min and high difference
in the heart rate, TTTS syndrome was observed
later in pregnancy.
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