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Abstract 

Objective: Vasoconstriction during anxiety reduces fetal oxygenation and leads to hypoxia. Hypoxia in turn 
results in increase of the number of nucleated red blood cells (NRBCs) in the cord blood. The present study 
aimed to assess the effect of decreasing maternal anxiety on fetal oxygenation and NRBCs count in the cord 
blood. 

Methods:. In this study, 150 women were randomly divided into two intervention groups [supportive care 
and acupressure in BL32 (bladder) acupoint] and a control group (hospital routine care). The infants' cord 
blood was investigated regarding the number of NRBCs and the intensity of hypoxia after birth. Then, the data 
were entered into the SPSS statistical software (v. 16) and analyzed using ANOVA, Chi-square test, and logistic 
regression analysis. 

Findings: The significant difference was found between the two groups regarding the number of NRBCs 
counted in the peripheral blood smear (P<0.001). Besides, a significant relationship was observed between 
the length of the first and second stages of labor and the number of NRBCs in the cord blood (P=0.01). Also, a 
significant association was observed between the type of delivery and the number of NRBCs in the cord blood 
in both intervention (P<0.001) and control groups (P=0.03). 

Conclusion: Doula supportive care and acupressure at BL32 point reduced the length of labor stages as well 
as the anxiety level. Also, nucleated red blood cells were less in the 2 groups of intervention than in control 
group. Regarding the fact that nucleated red blood cells cannot be the only factor for hypoxia predicting, for 
affirmation of this theory study with higher sample size and survey of mothers at high risk are needed. 
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Introduction 

Delivery is an important phenomenon and may be 

one of the most painful and stressful events that 

mothers experience during their lifetime[1]. The 

hormones, such as catecholamines, cortisol, 

epinephrine, and beta-endorphins, which are 

secreted in response to tension and anxiety, 

interfere in the progress of cervical dilatation. On 

the other hand, they influence the uterine smooth 

muscles and reduce the contractile power of the 

uterus as well as its efficiency in the delivery 

process eventually lengthening the delivery, 

increasing the pain, and leading to anxiety[2]. 

During long-term anxiety, the autonomous 

nervous system is stimulated leading to an 
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increase in the contraction of the smooth muscles 

of the arterial system. This subsequently reduces 

the uteroplacental blood flow as well as 

oxygenation to the uterus, leads to fetal hypoxia, 

and increases abnormal fetal heart rates[3-5]. 

Intrauterine hypoxia is an important risk factor of 

infant mortality and abnormal outcomes during 

infancy which causes problems in 5-10% of 

pregnancies[6,7]. Recently, counting nucleated red 

blood cells (NRBCs) in every 100 white blood cells 

(WBCs) in infants' umbilical venous blood is 

considered as a sign of prenatal hypoxia. Each 

hypoxia event leads to a compensatory fetal 

reaction increasing hematopoiesis and entrance of 

immature red blood cells into the fetal blood flow 

level of which is associated with prenatal 

hypoxia[8]. Thus, the relationship between chronic 

stress and delivery outcomes, shows the necessity 

for intervention in order to reduce it[9]. In general, 

non-pharmacological methods are among the 

most effective methods of coping with stress and 

delivery pain. One of these methods involves 

continuous support of the mother by the doula[10]. 

Hung conducted a semi-experimental study on the 

effect of a supportive companion during labor on 

the delivery outcomes. The study showed that 

supporting the women during labor was effective 

in improving the uterine dysfunction and reduced 

the length of labor as well as the cesarean rate. 

Besides, the supported women felt less exhausted 

and were more satisfied after the delivery[11]. 

Teixeira et al (1991) revealed a relationship 

between the mother's anxiety score and increase 

in the vascular resistance of uterine arteries[12]. 

Labor anxiety and release of cortisol and 

catecholamines may lengthen the labor, decrease 

the placental blood flow, and lead to fetal 

hypoxia[13]. 

     Acupressure is another non-pharmacological 

intervention which is used in order to decrease 

anxiety. Acupressure is an acupuncture branch in 

which finger pressure is used instead of 

needles[14]. Studies have shown that acupuncture 

is effective in releasing oxytocin from the pituitary 

gland and stimulates the secretion of oxytocin 

which directly stimulates the uterine contractions 

leading to beginning and progress of the delivery 

and reduction of the labor length[15,16]. In general, 

various acupuncture points are used to induce and 

control the delivery and BL32 acupoint [Shang 

Liao (urinary bladder or bladder meridian)][17] 

was used in the present investigation. In this 

study, acupressure which is a simple, non-invasive 

method and doula supportive care was used in 

order to reduce the mothers' pain and anxiety 

during labor and prevent undesirable fetal 

outcomes, such as hypoxia. Thus, the present 

study aims to assess the effects of decreasing 

maternal anxiety on fetal oxygenation and f NRBCs 

count in the cord blood. 

Subjects and Methods  

This randomized clinical trial was conducted in 

the delivery ward of the selected educational 

center of Shiraz University of Medical Sciences 

(Shoushtari Hospital) in 2012. Considering d=5, 

α=0.05, 1-β=0.90, SD=7, and the following formula, 

a 150-subject sample size (50 subjects in each 

group) was determined for the study:     

  

Then, the subjects were selected through simple 

random sampling and were divided into 

supportive care, acupressure, and control groups 

using stratified block randomization. In doing so, a 

number was randomly selected from the table of 

random numbers and the researcher moved 

toward the right or left column or row and wrote 

the 5 digit numbers down. Since the participants 

were divided into 3 groups in this study, 3-therapy 

method was used and classification was 

performed as follows: A: supportive care group, B: 

acupressure group, and C: control group. 

Accordingly, ABC: 1, ACB: 2, BAC: 3, BCA: 4, CAB: 5, 

and CBA: 6. It should be noted that numbers 0, 7, 

and 9 were ignored. 

     The inclusion criteria of the study were first or 

second pregnancy, single and term pregnancy, 

vertex presentation, spontaneous beginning of the 

delivery process, 3-4 cm cervical dilatation, being 

18-35 years old, and having at least middle school 

degree. The exclusion criteria of the study were: 

suffering from any physical or mental problems, 

preeclampsia, having a history of smoking, 

maternal diabetes, Rh incompatibility, oligohyd-

ramnios, and thick meconium,.  

     The    study     data     were     collected     using a 

questionnaire including demographic, clinical, and 
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pregnancy information and an observation form 

including the information about the labor stages 

and the laboratory results. Also, Spielberger's 

questionnaire was employed in order to assess the 

anxiety level. This questionnaire includes 40 

questions in two 20-item scales. The first 20 

questions measure the state anxiety which is 

defined as a feeling of worry and tension resulting 

from situational stress. Yet, the second 20 

questions assess the trait anxiety which refers to 

individual differences in the tendency toward 

evaluating the situations as threatening or 

dangerous[18]. In Iran, Aghamohammadi et al 

(2007) used this questionnaire on 150 patients 

undergoing surgery and reported its reliability as 

97%[19] which is the basis for the present study. 

The supportive care and acupressure groups 

completed this questionnaire before and after the 

intervention. In the control group, on the other 

hand, the questionnaire was completed at the 

beginning of the active phase of the labor and the 

end of the first stage. 

     In the first group, the researcher as the doula 

was beside the mother from her entering the 

department. She reassured the mother, 

encouraged her, and gave her correct and 

appropriate information which led to the mother's 

tranquility, understanding the origin of pain, 

developing a positive attitude toward the pain 

experience, and increase in her cooperation in the 

delivery progress. 

     In the second group, in 3-4 and 7-8cm 

dilatation, the mother was placed in a proper 

position and BL32 point was pressed. This point 

lays approximately one index finger length above 

the top of the buttock crease, approximately one 

thumb width either side of the spine (Fig. 1)[20]. 

The pressure was continuously and gently applied 

by both thumbs for 20 minutes. It was applied by 

the beginning and stopped at the end of the 

contractions. On the other hand, the control group 

only received the department's routine care and 

underwent no interventions. 

     After birth, the infants' cord was double-

clamped before or simultaneous with the first 

breath. In order to facilitate the sampling, the 

blood was directed toward the cord by the fingers 

so that the umbilical cord vessels were full of 

blood. Then, in order to count the total number of 

the blood cells (CBC diff), 2cc cord blood was 

poured into a bottle containing Ethylen Diamine 

Tetracetic Acid (EDTA) and transferred to the 

hospital laboratory for hematological analysis. 

After preparing and staining the peripheral blood 

smear, the number of NRBCs was determined per 

100 WBCs and the results were recorded in the 

related form. Finally, the data were entered into 

the SPSS statistical software (v. 16) and analyzed 

using Chi-square, one-way ANOVA, LSD, and 

logistic regression analysis. P<0.05 was 

considered as statistically significant. 

Findings 

The study results revealed no significant 

difference between the study groups regarding the 

demographic variables including mother's age,

 
Fig. 1: Location of the BL 32 acupoint 
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Table 1: The mothers’ mean score of anxiety (state and trait) before and after the intervention in the three groups 

P. value 
Control (n=50)  

Mean (SD) 

Acupressure (n=50) 

Mean (SD) 

Supportive care (n=50) 

Mean (SD) 
Anxiety assessment time 

0.4 57.6 (2.2) 57.6 (3.6) 56.8 (2.6) Before intervention 

<0.001 69.8 (6.6) 37.5 (9.1) 35.5 (5.8) After intervention 

<0.001 11.1 (9.5) -20.0 (7.2) -20.5 (8.0) Changes in anxiety score  *  

    SD: standard deviation 
    * Anxiety scores after intervention-Anxiety scores before intervention 

level of education, occupation, gestational age, and 

number of pregnancies. In addition, the results of 

one-way ANOVA showed no significant difference 

between the three groups regarding the anxiety 

score before the intervention (P=0.4). After the 

intervention, however, the anxiety mean score 

was higher in the control group compared to the 

supportive care and acupressure groups and the 

difference was statistically significant (P<0.001) 

(Table 1). 

     According to the results of Chi-square test 

regarding the distribution of NRBCs in the 

peripheral blood smear, the control group showed 

68% and 66% difference with the supportive care 

and acupressure groups, respectively which were 

statistically significant (P<0.001). In all the three 

study groups, 41.3% (0-10) of NRBCs of the blood 

cord were observed in the peripheral blood smear. 

Among the 9 cases with NRBCs in the supportive 

care group, 14% had 1 and 4% had 2 NRBCs. Also, 

among the 10 cases with NRBCs in the 

acupressure group, 10% had 3 and 2% had 1 

NRBC. In the control group, on the other hand, 

among the 43 cases with NRBCs, 18% had 2 and 

2% had 10 NRBCs. Overall, a larger number of 

NRBCs were detected in the peripheral blood 

smear in the control group compared to the two 

intervention groups (Table 2). 

     Using logistic regression analysis and 

eliminating the effect of group, a significant 

relationship was observed between the length of 

the first and second labor stages and the 

frequency of NRBCs in the cord blood (P=0.01) 

(OR=1.01). In all the three groups, the mean length 

of the first and second stages of labor was higher 

in the cases with NRBCs detected in their 

peripheral blood.  In the control group, the mean 

length of labor in the cases with NRBCs detected in 

their peripheral smears was 190.0 and 175.2 

minutes higher in comparison to the supportive 

care and acupressure groups, respectively. Among 

these cases, the highest and lowest mean length of 

labor was related to the control and supportive 

care groups, respectively (Table 3).  

     Based on the results of Chi-square test, a larger 

number of NRBCs were detected in the peripheral 

smears in cesarean deliveries. This showed a 

significant relationship between the type of 

delivery and the number of NRBCs in the cord 

blood in both the intervention groups (P<0.001) 

and the control group (P=0.03) (Table 4). 

Moreover, the highest number of NRBCs was 

observed in cesarean deliveries and this measure 

in the intervention groups was 14.3% lower in 

comparison to the control group. In natural 

vaginal delivery also, the number of cases without 

NRBCs was 62.7% higher in the intervention 

groups compared to the control group. 

Discussion 

The findings of the present study confirmed the 

effectiveness of applying pressure at BL32 point

Table 2: Comparison of distribution of cord blood nucleated red blood cells in the intervention and control groups 

Total (n=150) Control (n=50) Acupressure (n=50) Supportive care (n=50) NRBC in cord blood count, 
peripheral smear n (%) n (%) n (%) n (%) 

88 (58.7) 7 (14) 40 (80) 41 (82) Unobserved 

62 (41.30 43 (86) 10 (20) 9 (18) Observed 

0-10 0-10 0-3 0-2 Rang 

P. value<0.001; NRBC: Nucleated red blood cells 
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Table 3: The relationship between duration of the first and second stages of labor and frequency of cord blood 
nucleated red blood cells in the intervention and control groups 

Total (n=150) Control (n=50) Acupressure (n=50) Supportive care (n=50) NRBC in cord blood count, 
peripheral smear Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

224.4 (61.5) 337.8 (68.9) 212.2 (49.1) 127.0 (52.0) Unobserved 

361.6 (125.3) 417.7 (107.1) 242.5 (56.9) 227.7 (33.7) Observed 

P. value<0.01; According to logistic regression analysis and eliminating the effect of group [OR=1.009; 95% CI (1.002-1.017)] 
NRBC: Nucleated red blood cells; SD: Standard deviation 

and psychologically supporting the mother during 

labor on reduction of maternal anxiety and 

improvement of fetal oxygenation. 

     After the intervention, the anxiety score 

decreased by 20.5 points in the acupressure group 

and by 20 points in the supportive care group, but 

increased by 11.1 points in the control group. 

Chao et al (2007) also performed acupressure at 

various points and revealed this non-

pharmacological method to be effective in 

reduction of women's pain and anxiety during 

labor[21]. In the same line, the results of the study 

by Fassoulaki et al (2003) showed the 

effectiveness of acupressure in reduction of pain 

and stress[22]. These results were in line with those 

of the present study in which, the anxiety score 

decreased by 34.8% in the acupressure group 

after the intervention. Considering the supportive 

care group, the present study results were in 

agreement with those of the study by Hofmeyr et 

al (1991) reporting the anxiety mean score as 28.2 

in the supported group and 37.8 in the routine 

care group[23]. In the current study also, the mean 

score of anxiety reduced by 37.5% in the 

supportive care group after the intervention 

which might be due to accompanying and 

supporting the mother leading to reduction of her 

pain and anxiety. Pilkington et al (2007) also 

expressed the effect of acupressure on the 

patients’ anxiety level based on Spielberger’s 

scale[24]. Various studies have shown that 

acupressure, without any complications, controls 

and reduces anxiety by stimulating brain 

responses and hormonal activities through 

increasing the blood flow and mediating the 

metabolism[25]. Therefore, it can be concluded that 

mother’s anxiety which is accompanied by 

increased uterine vessels' resistance and 

decreased oxygenation plays a major role in fetal 

as well as maternal outcomes. This emphasizes the 

necessity for performing interventions through 

labor in order to reduce the mothers’ anxiety. On 

the contrary, Langer et al (1998) showed that 

supporting the women through labor was not 

effective in the need for medical interventions and 

mothers' anxiety, pain, self-confidence, and 

satisfaction. In that study, the mean score of 

anxiety was 49.1 in the supported group and 49.2 

in the control group and the difference was not 

statistically significant[26]. The difference between 

that study and the present one might be due to 

intervention methods, hospital policies, women's 

cultural background, short period of support, and 

types of doulas' activities. Yet the support 

provided by the nurses and the staff might have 

also been effective in reducing the difference 

between the two groups. 

     In this study, distribution of the NRBCs in the 

peripheral blood smears was 18%, 20%, and 86% 

in the supportive care, acupressure, and control 

groups, respectively. Stress and anxiety lead to 

secretion of epinephrine. Epinephrine through 

Table 4: The relationship between the frequency of NRBC in the cord blood and delivery mode in the 
intervention (supportive care and acupressure) and control groups 

Control (n=50) Intervention (n=100) NRBC in cord blood count, 
peripheral smear Delivery mode 

n (%) n (%) 

7 (23.3) 80 (86.0) Unobserved 
Vaginal delivery 

23 (76.7) 13 (14.0) Observed 

0 1 (14.3) Unobserved 
Caesarean section 

20 (100) 6 (85.7) Observed 

           P. value<0.001 in intervention group and 0.3 in control group; NRBC: Nucleated red blood cells  
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beta-adrenergic receptors in the uterus leads to 

uterine muscle hypoxia, disruption in 

uteroplacental blood perfusion, and fetal 

hypoxia[27]. Basically, intrauterine hypoxia is one 

of the main factors in increasing erythropoietin 

which stimulates the fetal hematopoietic system 

and increases the production of NRBCs. Since 

NRBCs can change their shape, size, and 

expansibility, they are released from the bone 

marrow into the peripheral blood. In the current 

study, the number of the cases with NRBCs 

detected in the peripheral blood smears was 

higher in the control group compared to the two 

intervention groups. Thus, fetal hypoxia was 

probably higher in the control group which 

received no interventions for reduction of pain 

and anxiety during labor. Several studies have 

indicated a significant relationship between the 

number of NRBCs and fetal hypoxia and have 

considered the number of NRBCs as an important 

index for identifying hypoxia[28-30]. Predicting the 

importance of fetal hypoxia needs awareness of its 

duration and grade[31]. NRBC count increases in 

acute and chronic hypoxia but the more the fetal 

hypoxia, the more increases NRBC count[29]. The 

average rate of nucleated red blood cells is 500 in 

mm3 in the first hours of healthy term infant’s life 

(more than 1000 is abnormal)[32]. 1 to 2 percent of 

healthy infants have increased nucleated red 

blood cells without any reason[33]. For instance, in 

the study by Tomar et al (2011), the mean number 

of NRBCs was 10.34+3.87 in the fetal distress 

group and 5.7+2.33 in the control group[34]. In 

addition, Hanion-Lundberg et al (1999) measured 

the mean number of NRBCs as 9.2+18.1 in 1561 

hypoxic infants[35]. In the study by Kovalak et al 

(2011) the mean number of NRBCs was 13 (range: 

0-37) in the case group and 8 (range: 0-21) in the 

control group[36]. In the present study, providing 

the mothers with doula supportive care and 

applying pressure at BL32 acupoint were 

performed to decrease the effective factors in fetal 

hypoxia including anxiety, and prevent the 

undesirable fetal and maternal outcomes. 

However, no such interventions were carried out 

in the studies by Hanion-Lundberg and Kovalak.  

     In Hanion-Lundberg’s study, NRBC count in 

infants with first minute’s Apgar 0-3 was 

significantly and statistically higher than that in 

infants with Apgar >7; this study included also 

infants with diabetic mothers and meconium 

stained cases. In our study, these cases and also 

infants with basis problem were excluded and 

pregnancy was terminated immediately after 

detection of abnormal heart models. Also, ill 

neonates with low Apgar that needed NICU were 

not in our study. Our neonates despite the 

abnormal heart rate model in control group had 

Apgar scores higher than 7 and did not need 

resuscitative measures and NICU care, and 

distress and intrauterine hypoxia intensity and 

duration were not high enough to cause over 

increase in NRBC count. 

     In this study, the labor was longer in the cases 

with fetal NRBCs detected in the peripheral blood 

smears. Besides, the highest and lowest labor 

length was related to the control (417.7+107.1) 

and supportive care group (227.7+33.7), 

respectively. As the labor length increases, 

mother's anxiety increases, as well. Thus, due to 

secretion of stress hormones, including cortisol, 

epinephrine, and norepinephrine, the vessels are 

contracted and less oxygen is delivered to the 

fetus. Then, the production of erythropoietin is 

increased in response to hypoxia and NRBCs enter 

the peripheral blood. A large number of studies 

have also shown that the infants exposed to 

intrauterine hypoxia have more NRBCs in their 

cord blood [28-30,37,38]. In the studies by Ferns[39] 

and Lim[40] also, a significant correlation was 

found between the length of labor and the number 

of NRBCs, which is consistent with the findings of 

the present study. However, Kovalak[36] reported 

no significant relationship between the number of 

NRBCs and the length of labor. This difference 

might result from the fact that most of the control 

group women in Kovalak's study underwent 

cesarean section and, consequently, the length of 

labor was shorter in the control group compared 

to the case group (distressed infants). In contrast 

to the current study, Ghosh[8] did not consider 

hypertension, preeclampsia, tobacco use, 

meconium, growth restriction, and 

chorioamnionitis which can increase the number 

of NRBCs as the exclusion criteria. 

     In this study, a larger number of NRBCs were 

detected in peripheral blood smears in cesarean 

delivery in all the three groups. This implies a 

significant relationship between the type of 

delivery and the number of NRBCs in the blood 

cord in both the intervention groups and the 

control group. In line with these results, Ferns[39] 
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also believed that the number of NRBCs was 

affected by the delivery mode. On the contrary, in 

the study conducted by Saracoglu et al (2000), the 

mean number of NRBCs was 8.25+3.39 and 

7.58+4.04 in the cesarean and natural delivery, 

respectively and the difference was not 

statistically significant[41]. Kovalak[36], Axt[33], 

Ghosh[8], Hanion-Lundberg[35], and Korst[28] also 

found no significant relationship between the 

number of NRBCs and type of delivery. This might 

be due to the fact that the above-mentioned 

studies had not exclude hypertension, 

preeclampsia, tobacco use, meconium, growth 

restriction, and chorioamnionitis. These factors 

increase the number of NRBCs regardless of the 

delivery mode and labor length because by uterine 

vessels contraction in these patients, perfusion 

and oxygenation to the fetus is decreased and 

more NRBCs are produced and entered into the 

peripheral blood in response to hypoxia. 

Conclusion 

The findings of the present study showed that 

supportive care and acupressure were effective, 

safe, simple, and inexpensive techniques which 

could be used in order to reduce the delivery pain, 

mother’s anxiety, and length of labor, resulting in 

improvement of oxygenation to the fetus and 

prevention of asphyxia. Asphyxia, regardless of 

duration, does not always increase the NRBC 

count and NRBC count is far more increased in 

some cases without asphyxia. Therefore, NRBC 

count is not the only decisive factor of intrauterine 

asphyxia intensity and duration. In case a large 

number of NRBCs are detected in infants, they 

should be provided with more care in order to 

prevent them from probable nervous damages. 

Although the number of NRBCs alone cannot be a 

prognostic factor, further studies on this issue can 

confirm or reject the results obtained in the 

current study. Overall, considering the national 

and international approach toward physiological 

delivery, this non-pharmacological method is 

recommended to be used to reduce the mothers' 

anxiety during labor and improve the maternal 

and fetal outcomes. 

     One of the limitations of this study was 

interference of gynecologists and midwives in the 

normal process of labor. In case their 

interventions affected the results, the patient was 

excluded from the study. Moreover, the 

participants’ mental conditions while completing 

the questionnaire, family problems, and 

undiagnosed diseases could affect the study 

results, which was out of the researcher’s control. 
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