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Low APGAR scores are the cause of 13.6% of new born morbidity and mortality. Even though much
has been done, still the levels of birth asphyxia and neonatal mortality in Ethiopia are significantly
high. This study aimed to assess determinants of low fifth-minute APGAR scores among singleton new
born babies. An institution-based unmatched case-control study was conducted among 426 neonates.
Cases and controls were selected by systematic random sampling. Bivariable and multivariable
logistic regression analyses were employed. Association was assessed by adjusted odd ratio with 95%
confidence. The study found that preterm birth (AOR: 4.29; 95% Cl 1.91, 9.65), lack of antenatal care
(AOR: 4.32; 95% CI 1.78, 10.47), instrumental delivery (AOR: 2.75; 95% Cl 1.34, 5.66), meconium-
stained amniotic fluid (AOR: 2.15; 95% Cl 1.16, 3.98), anemia during labour (AOR: 2.99; 95% CI 1.27,
7.05), and maternal WBC=15,000/pL (AOR: 3.13; 95% Cl 1.46, 6.67)were associated with low fifth-
minute Apgar scores. Low fifth-minute Apgar scores are significantly associated with preterm delivery,
lack of antenatal care, instrumental births, meconium-stained amniotic fluid, maternal anemia, and
elevated maternal white-blood-cell counts. Strengthening antenatal services and improving obstetric
practice can help reduce these risks.
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Abbreviations

APGAR/Apgar  Activity, pulse, grimace, appearance, and respiration
APH Antepartum hemorrhage

GDM Gestational diabetes melitus

LAS Low Apgar score

MSAF Meconium stained amniotic fluid

APGAR score is a general and immediate assessment of newborn health used right after birth!. The APGAR
score determines if a baby needs extra care or emergency help when given at birth and the fifth minute!2. This
recording method allows for consistent assessment of new-borns immediately after delivery.

The fifth-minute APGAR score can evaluate how the baby responded to any prior resuscitation attempts.
It includes five components: activity level (muscle tone), pulse rate, grimace reflexes, appearance (color), and
respiration, each scored from 0 to 2, for a maximum total of ten points. Scores are recorded at the first and fifth
minutes for all newborns, with 7-10 considered normal. If the score is below seven, assessments will continue
every five minutes for up to 20 min'.

A low APGAR score can exacerbate severe cases of birth asphyxia, potentially leading to significant
multiorgan impairment in new-borns. This may result in brain damage, lung dysfunction, cardiomyopathy, renal
failure, hepatic issues, and necrotizing enter colitis*®.

A low APGAR score at the fifth minute correlates with a rise in neonatal mortality”®. In addition, a low
APGAR score at the fifth minute correlates with future developmental and mental complications’.

The Apgar score is affected by many factors; including gestational age, maternal socio-demographic, maternal
disease, injury, obstetric, and gynaecologic conditions'®-12. The factors of the low fifth-minute APGAR score
are different in a variety of areas in Ethiopia!®>!4, . Therefore, this study aimed to address the discrepancies in
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research concerning the factors contributing to low fifth-minute APGAR scores among singleton new-borns
at public hospitals in the North Shoe Zone, Amhara Regional State, Ethiopia, in 2022.Consequently, the study
focused on identifying the determinants of low fifth-minute APGAR scores.

Methods

Study design, period, and setting

An institution-based unmatched case-control study was employed in North Shoa Zone public hospitals from
June 6 to July 14, 2022. This study was conducted in governmental hospitals in the North Shoa Zone, located
within the Ambhara regional state on the Ethiopian. Twelve hospitals, including two private and ten public
(comprising seven primaries, two general, and one comprehensive specialised hospital), were included in the
study.

Population

Study population

The study population for the cases included all singleton live new-borns delivered at public hospitals in the
North Shoa Zone during the study period with a fifth-minute Apgar score below seven, regardless of the delivery
method. The controls consisted of all singleton live new-borns delivered at the same hospitals during the study
period with a normal fifth-minute Apgar score (=7), also irrespective of the mode of delivery.

Eligibility criteria

Inclusion criteria for cases included all singleton live births delivered after viability (=28 weeks of gestational
age) with an APGAR score of less than seven in the fifth minute in the North Shoa Zone public hospitals during
the study period. For controls, inclusion criteria comprised all singleton live births delivered after viability with
an APGAR score of seven and above (>7) during the same period. Exclusion criteria for both cases and controls
included unknown gestational age and gross congenital anomalies incompatible with life, such as anencephaly,
severe hydrocephalus, and Gastroschisis.

Sample size determination

We conducted sample size calculation for the unmatched case-control study using the formula for two population
proportions, with a 1:2 ratio of cases to controls, a 95% confidence level, and 80% power. Utilizing the largest
sample size reported in the literature, which accounted for the proportion of no antenatal care contacts among
cases (8.2%) and controls (3.7%), yielded a sample size of 426 after incorporating a 5% non-response rate'®.
Thus, adjusting for the non-response rate, the final sample size was 426 (comprising 142 cases and 284 controls).

Sampling technique and procedure
Ten public hospitals in the North Shoa Zone were included in the study, with samples allocated proportionally
based on the number of delivery services and units at each hospital, as per their annual reports. Mothers of
infants with low fifth-minute APGAR scores (<7) were invited to participate, while mothers of infants with
normal APGAR scores (27) served as controls. Cases and controls were chosen using a systematic random
sampling technique from the labour ward.

Data collection tool and quality control

Data collection was done by using structured, interviewer-administered questionnaires and checklists that
were developed under literature and WHO guidelines [17-19]. Three Trained midwives conducted face-
to-face interviews with mothers within 24 h post-delivery and reviewed relevant medical records. Prior to
data collection, the questionnaire underwent rigorous review and translation to Amharic, followed by back-
translation to verify language consistency. A pre-test was done on 5% of the population. One day training was
given for data collectors and supervisors.

Study variables
Dependent variable: the low fifth-minute APGAR score.
Independent variables:
Socio-demographic factors.
Obstetric and gynaecologic factors.
Fetal and new-born-related variables.
Medical illness-related variables.

Operational definition
Low fifth-minute Apgar score: A new-born that delivered with an APGAR score of less than seven five minutes
after delivery'.

Controls: When the new-borns has an APGAR score of >7 in the fifth minute after delivery.

Cases: New-borns with an APGAR score of less than seven based on the Apgar score checklist that was
summed up by trained data collectors at the fifth minute after delivery'.

Data Processing and Analysis: The collected data were entered, cleaned and coded by Epi Data version 4.6.
Analysis was conducted using STATA version 14.0. Multicollinearity tests ensured the reliability of findings,
with all variance inflation factors being < 5. The model goodness of fit was assessed with the Hosmer-Lemeshow
test. Variables with a p-value <0.25 in Bivariable logistic regression were included in the multivariable logistic
regression model. Statistical significance in the final model was set at a p-value <0.05.
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Results

Maternal socio-demographic characteristics

The study involved 426 women, comprising 142 cases and 284 controls, with a response rate of 100%. The mean
age of participants was 28.2 years (SD: +6.1). Most of both cases and controls were aged between 20 and 35 years.
Regarding residence, more than half of cases (53.5%) and controls (48.6%) were rural residents. The majority of
participants were married, and housewife was the primary occupation for a substantial proportion of both cases
(40.8%) and controls (44.7%). In terms of educational level, a similar percentage of cases (31.0%) and controls
(28.2%) had completed primary education.

Distribution of APGAR score at the fifth minute
At the fifth minute, 12 (8.45%) of the cases had an APGAR score of three, whereas 32 (11.27%) of the controls
had a score of ten.

New-born characteristics of the study
More than half of the newborns in both the case group Were female 53.5% in the case group and 47.5% in the
control group.

Preterm births were more prevalent among cases (23.9%) compared to controls (6.0%), and low birth weight
was more common in cases (30.3%) than controls (13.0%) (Table 1).

Obstetrics and gynecologic characteristics of the study participants

The majority of mothers, comprising 122 (85.9%) of the cases and 273 (96.1%) of the controls, received at least
one ANC service during their pregnancy for the current newborn. Additionally, over half of the women who
received ANC services—67 (54.9%) of the cases and 155 (56.8%) of the controls attended these services more
than three times (Fig. 1).

Among the participants, nearly half of the cases (69 or 48.6%) and 111 (39.1%) of the controls were
Prmipara. Among the mothers in the study, 7 (4.9%) of the cases and 8 (2.8%) of the controls were diagnosed
with antepartum haemorrhage during the current pregnancy. The study also found that pregnancy-induced
hypertension was present in 25 (17.6%) of the cases and 31 (10.9%) of the controls. Meconium-stained amniotic
fluid was observed in 35 (24.6%) of the cases and 39 (13.7%) of the controls. Additionally, over 20% of the cases
(29 or 20.4%) and 34 (12.0%) of the controls reported a history of abortion or pregnancy loss before 28 weeks
of gestation. Among these, 7 (24.1%) of the cases and 5 (14.7%) of the controls had a history of two or more
abortions (Table 2).

Medical illness history characteristics of the mothers

Among the total participants, 25 mothers in the case group (17.6%) and 12 mothers in the control group (4.2%)
were diagnosed with anemia during the current labour, indicating a significant disparity in anemia prevalence
between the cases and controls. Concerning chronic illness history, 11 cases (7.7%) and 14 controls (4.9%)
were diagnosed with at least one maternal chronic illness, suggesting slightly higher prevalence among cases
compared to controls. Additionally, a significant proportion of newborns, specifically 35 cases (24.6%) and 16
controls (5.6%), were born from mothers who developed maternal leukocytosis (white blood cells>15%10/3/
uL), indicating a potentially higher risk associated with maternal leukocytosis in cases compared to controls.

Determinant factors associated with low fifth-minute APGAR score

The bivariable logistic regression analyses revealed that gestational age at birth, fetal presentation at birth, fetal
birth weight, parity of the mother, antenatal visit for the current pregnancy, mode of delivery, the prolonged
second stage of labor, meconium-stained liquor, augmentation with oxytocin, abortion history of the mother,

Fifth-minute APGAR
score Total
Characteristics Categories Case n (%) | Control n (%) | N (%)
Male 66 (46.5) 149 (52.5) 215 (50.5)
Neonatal sex
Female 76 (53.5) 135 (47.5) 211 (49.5)
Preterm (=28 to <37weeks) 34(23.9) 17 (6.0) 51 (12.0)
Gestational age at birth (in a week) | Term (37-42 weeks) 102 (71.8) | 257(90.5) 359 (84.3)
Post-term (>42 weeks) 6 (4.3) 10 (3.5) 16 (3.7)
Vertex 102 (71.8) | 229 (80.6) 331(77.7)
Fetal presentation at birth Non-vertex (face, brow, shoulder) | 13 (9.2) 26(9.2) 39(9.1)
Breach 27 (19.0) 29 (10.2) 56 (13.2)
Very Low Bwt (<1500 g) 5(3.5) 5(1.8) 10 (2.4)
Low Bwt (1500-2499 g) 43(30.3) | 37(13.0) 80 (18.7)
Birth weight (Bwt) in gram
Normal Bwt (2500-3999 g) 89 (62.7) 232 (81.7) 321 (75.4)
Macrosomia (>4000 g) 5(3.5) 10 (3.5) 15 (3.5)

Table 1. Characteristics of newborns of cases and contrlls, delivered at North Shoa zone public hospitals,
ethiopia, June 6 to July 14/2022, (N=426)
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Fig. 1. Antenatal care visit of mothers who gave birth in North Shoa Zone public hospitals, Ethiopia, June 6 to
July 14, 2022, (N =426).

Yes 7(4.9) 8(2.8) 15 (3.5)
Diagnosed for APH No 135(95.1) | 276 (97.2) 411 (96.5)

Mild 11 (44.0) 18 (58.0) 29 (51.8)

Yes 2(1.4 5(L.8 7 (1.6
Gestational DM ) Sl 0

No 140 (98.6) | 279 (98.2) 419 (98.4)

Yes 14 (9.9) 25(8.8) 39(9.2)
Diagnosed for PROM

No 128 (90.1) | 259 (91.2) 387 (90.8)

<18h 10 (71.4) 17 (68.0) 27 (69.2)
Duration of PROM

>18h 4(28.6) 8(32.0) 12 (30.8)

Yes 35(24.6) |39 (13.7) 74 (17.4)
Meconium stained liquor

No 107 (75.4) | 245 (86.3) 352 (82.6)

Yes 22 (15.5) 22(7.7) 44 (10.3)
Prolonged second stage of labour

No 120 (84.5) | 262 (92.3) 382 (89.7)

Yes 27(19.0) |32(113) 59 (13.8)
Augmentation with Oxytocin

No 115 (81.0) | 252(88.7) 367 (86.2)

Yes 2(1.4) 3(1.1) 5(1.2)
Cord prolapsed

No 140 (98.6) | 281 (98.9) 421 (98.8)

1 22(75.9) 29 (85.3) 51 (81.0)
Number of abortion history

2-3 7(24.1) 5(14.7) 12 (19.0)

Table 2. Obstetrics and gynaecologic characteristics of mothers. APHantepartum hemorrhage, DM diabetes
mellitus, PROM premature rupture of membranes.
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Fifth minute APGAR
score Bivariate analysis Multivariate analysis
Case Control

Characteristics n (%) n (%) COR (95% CI) P-Value | AOR (95% CI) | P-value

Gestational age in a week

Preterm (=28 to <37 wk) | 34 (23.9) |17 (6.0) 5.04 (2.7, 9.40) <0.001" | 4.29 (1.91,9.65) | <0.001**

Post-term (>42 wk) 6(4.3) 10 (3.5) 1.51(0.54,4.27) | 0.435 1.65(0.47,5.81) | 0.432
Term (37-42 wk) 102 (71.8) | 257 (90.5) | 1 1

ANC follow up

Yes 122 (85.9) | 273 (96.1) |1 1

No 20(14.1) [11(3.9) |4.07(1.89,8.75) ‘ <0.001* | 4.32(1.78,10.47) ‘ 0.001**
Meconium stained liquor

Yes 35(24.6) |39(13.7) |2.06(1.23,3.42) ‘ 0.006* 2.15(1.16, 3.98) ‘ 0.014**
No 107 (75.4) | 245 (86.3) | 1 1

Maternal anemia

Yes 25(17.6) |12(4.2) 4.84 (2.35,9.97) ‘ <0.001* | 2.99 (1.27,7.05) ‘ 0.012**
No 117 (82.4) | 272(95.8) | 1 1

Maternal WBC >15,000/pL

Yes 35(24.6) |16 (5.6) 5.48 (2.91, 10.31) ‘ <0.001* | 3.13 (1.46, 6.67) ‘ 0.003**
No 107 (75.4) | 268 (94.4) | 1 1

Table 3. Bivariable and multivariable logistic regression determinants of fifth-minute low Apgar. COR
crude odds ratio, AOR adjusted odds ratio, ANC Antenatal Carre, WBC white blood cell count. *Statically
significance association at p-value <0.25. **Statically significance association at p-value <0.05.

anemia for the current labor, and presence of leukocytosis for the current labor were statistically significant with
a LAS at fifth minute at p-value<0.25.

The results of the multiple model analysis showed that newborns with preterm (<37 weeks of gestation)
were 4.29 times more likely to develop a low Apgar score at fifth minutes than newborns delivered with >37
weeks of gestation (AOR: 4.29; 95% CI 1.91, 9.65). Mothers who had no antenatal care visit were 4.3 times more
likely to have a low Apgar score infant at the fifth minute as compared to mothers who had antenatal care visit
(AOR: 4.32; 95% CI 1.78, 10.47). The likelihood of developing a low Apgar score among neonates born with
meconium-stained amniotic fluid was approximately two-fold higher than compared to those born without
meconium-stained (AOR: 2.15; 95% CI 1.16, 3.98). Moreover, the fifth-minute low Apgar score was about 2.7
times higher among the mothers who gave birth through instrumental delivery than mothers who gave birth
through spontaneous vaginal delivery (AOR: 2.75; 95% CI 1.34, 5.66).

The odds of new-borns having a low Apgar score were three times higher among those born to anemic
mothers compared to non-anemic mothers (AOR: 2.99; 95% CI 1.27, 7.05). Additionally, the likelihood of a
low Apgar score was significantly higher among women who developed leukocytosis (maternal WBC> 15,000/
uL) during labour. The data indicated that mothers with a white blood cell count of >15,000/pL during delivery
were three times more likely to have a newborn with a low Apgar score compared to those with a white blood
cell count of less than 15,000/uL (AOR: 3.13; 95% CI 1.46, 6.67) (Table 3).

Discussion

In this study being preterm (<37weeks), no antenatal care visit, having instrumental delivery, meconium-
stained liquor, anemia for the current labor, and presence of leukocytosis for the current labor were found to be
significant determinants of low fifth minute APGAR score of the newborn. According to this study, premature
newborns (<37 weeks gestation) had a 4.2 times higher risk of having a low Apgar score at the fifth minute
compared to newborns born at =37 weeks gestation. In preterm babies, an immature respiratory system could
be the reason for this. Without surfactant, a premature baby’s lungs can’t expand and contract normally; this
increases their risk for respiratory distress syndrome and may be hypoxic!®. In contrast, this result was not
supported by studies in Wolaita Sodo, Arba Minch, Hawassa, and Gonder!*!7-1%. The possible reason might be
the previous studies were conducted in a single city hospital, but the current study was conducted in a wide study
area that has more chance to get more findings. When the study area is wide, the probability of getting findings
might be increased.

Newborns who delivered from mothers who had no antenatal care visit were 4.3 times more likely to have
low Apgar score at the fifth minute as compared to newborns who delivered from mothers who had antenatal
care visits. This was consistent with a study in Cameron and Hawassa!”?’. This could be because antenatal
care follow-up is used to create awareness about birth preparedness and readiness, and also it is the time for
counselling for danger signs of pregnancy. Early identifying of danger signs and receiving appropriate maternal
care are basic elements in maternal and neonatal health status. In addition, mothers who had no antenatal care
visits will not be screened for danger signs and comorbidity problems?!. However the result of this study was
inconsistent with studies in Jima, Wolaita Sodo, and Debre Tabor University hospitals!"1*1%, it might be because
of the methodological difference, and the studies (Jima, Wolaita Sodo, and Debre Tabor) were conducted in
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higher-level hospitals only, but the current study included district hospitals that have more mothers those lacks
ANC follow-up in a rural residence.

According to the recent study, newborns born with meconium-stained amniotic fluid had double the chance
of having low Apgar scores compared to those without. This finding aligns with studies conducted in Australia,
Maichew, Arba Minch, Debre Tabor, and Gonder'*18192223 This might bemeconium-stained amniotic fluid
often indicates fetal distress, which can lead to compromised oxygen delivery and result in lower Apgar scores
at birth.

A newborn that experiences meconium aspiration syndrome has an Apgar score of seven or less after about
one to five minutes after birth>*. However, the result is not supported by studies in Hawassa and Jima hospitals
showed that meconium-stained liquor was not a significant factor for low Apgar score at fifth minutes!''”. This
might be because of the number of health facilities included in the studies (Jima and Hawassa), The two studies
were conducted in teaching hospitals, which might have more professional diversity for early detection and
management.

In this study, new-borns delivered by mothers who had undergone instrumental delivery were 2.7 times
more likely to have a low fifth-minute Apgar score compared to those delivered by mothers who had undergone
spontaneous vaginal delivery. This finding was supported by studies conducted in Australia?? and Ghana?’. This
may be because a low Apgar score is a known complication of instrumental delivery. Neonatal complications
such as fetal acidosis, cerebral trauma, hemorrhage, and brachial plexus injury can occur, especially in cases of
shoulder dystocia, all of which can contribute to a low fifth-minute Apgar score and prolonged recovery®. In
contrast, the studies in Brazil”’, Gonder!?, Debre Tabor'4, and Jima'! did not support this finding, the possible
reason might be the difference in study design, and study period. In addition, the sample size for the current
study was comparatively larger than studies in Gonder, Debre Tabor, and Jima; when the sample size is larger the
chance of including case finding might be increased.

In this study, neonates who had delivered from anemic mothers had nearly three times higher odds of having
alow Apgar score than neonates who delivered from non-anemic mothers. The result was found to be consistent
with studies done in Iraq?®, Pakistan®’, and Hawassa!”. This similarity could be because maternal anemia leads
to fetal hypoxia that affects the development (maturity) of placental blood vessels and in extra-uterine life
immediately after birth the newborn may have difficulty breathing because of intrauterine hypoxia®.

Furthermore, this study revealed that; the likelihood of giving a low Apgar score newborn was significantly
higher among women with white blood cell count >15,000/pL. It showed that newborns delivered from mothers
with white blood cell count of > 15,000/uL during delivery time were three-fold more likely to have a low Apgar
score as compared to mothers of the neonate with white blood cell count of less than 15,000/uL. This finding
also agreed with a study in Brazil?”. The reason could be that infections during labour can be associated with
devastating consequences for pregnant mothers and the fetus.

Conclusion

This study concluded that factors such as preterm birth, lack of antenatal care (ANC) follow-up, instrumental
delivery, meconium-stained amniotic fluid, anemia, and leucocytosis were significantly associated with low
APGAR scores at five minutes.

To reduce the incidence of low APGAR scores, it is essential to enhance ANC follow-up, minimize
instrumental deliveries, prevent preterm labour, detect and manage meconium-stained amniotic fluid early,
provide effective preconception health education on anemia during pregnancy, and improve the quality of
obstetric care during labour and delivery.

Limitations of the study

The study was limited to single pregnancies, so the findings may not be applicable to multiple pregnancies.
There is a possibility of recall bias in the data collection process. Additionally, the study did not account for
certain potential risk factors for low APGAR scores, such as congenital anomalies and uterine rupture, as these
conditions were not available for consideration at the time of the study.

Data availability
Availability of Data and Materials: The data utilized in this manuscript are available upon reasonable request by
contacting one of the corresponding authors via email.
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