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Introduction: Placenta indices are the significant determinants of perinatal outcome and neonatal mortality. A clinician can predict
neonatal status based on the findings from the placental indices. However, there are limited studies on the relationship between
placental parameters and neonatal birth weight in Ethiopia. Hence, this study aimed to assess placental parameters and their association
with birth weight among neonates born at public hospitals in southern Ethiopia.
Methods: A facility-based cross-sectional study was conducted on 249 systematically selected placentae with the attached umbilical
cord from normal singleton live birth with known gestational age. A weighing scale, long needle, and standard non-elastic tape were
used to measure placental parameters. Maternal and neonatal characteristics were obtained from the medical charts. Bivariable and
multivariable logistic regressions analyses were done to assess the association between placental indices with neonatal birth weight.
Finally, an adjusted odds ratio with the corresponding 95% CI was used to declare the statistical significance.
Results: In this study, the mean placental weight, diameter, and thickness were 475.9gm, 17.73cm, and 4.43cm, respectively, and the
prevalence of low birth weight was 10% (95% CI: 6–14%). Low placental weight (AOR: 6.57; 95% CI: 2.47–17.48), low placental
thickness (AOR: 4.94; 95% CI: 1.42–17.22), and gestational age (AOR: 4.73; 95% CI: 1.49–14.99) were associated with low birth
weight.
Conclusion: This study revealed that placental parameters, particularly weight and thickness, and gestational age have a significant
influence on low birth weight. Therefore, proper examination of the placenta should be performed routinely following delivery for
better newborn care.
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Introduction
Mother and fetus are the two important ends of reproduction and come in close contact with each other by a vital organ
known as the placenta.1 Because of its delicate and important nature, the placenta is the mirror of the perinatal period and
functions in maintaining pregnancy and promoting normal fetal development.2,3

Its dimensions at term are approximately circular or oval, with an average weight of 500 g (range 200–800 g),
a diameter of 185 mm (range 150–200 mm), and a thickness of 23 mm.1,4 According to a study conducted in Argentina,
the corresponding figures were 432 g (range 110–838) for placental weight, 166 mm (50–290) for larger diameter, and
30 mm (10–70) for thickness.5

Placental weight is the most common way to characterize its growth and it approximately weighs one-sixth of the
fetal weight.6,7 Placental weight was reported to have a strong correlation with birth weight6,8 and its weight becomes
more prominent in babies with congenital abnormalities.3 Besides, abnormally decreased placental weight was linked
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with increased perinatal complications like intrauterine fetal demise and growth restriction,8 low Apgar score, respiratory
distress, and perinatal death.4,9

The placenta plays an important role in the regulation of healthy fetal growth and development during intrauterine life
and its parameters strongly predict low birth weight (LBW), a significant risk factor for adverse neonatal outcomes.10

LBW is defined as a birth weight of an infant less than 2500 grams that can result from fetal growth restriction and/or
preterm birth.11 In addition, preterm birth (birth before 37 completed weeks of gestation) that contributes to the
occurrence of LBW, accounts for 9.6% of births worldwide, generally higher in developing countries.12 The most
significant contributor to preterm birth is intrauterine infection including chorioamnionitis, which is involved in up to
40% of preterm births.13 According to a recent estimate, globally about 25 million births had LBW each year.7 In sub-
Saharan countries, LBW continues to remain a major public health problem affecting 3.1 million newborns.14

A scoping review in Africa (1975–2016) showed that the prevalence of FGR varied between 2.6 and 59.2% and the
median prevalence in the eastern Africa region was 15.8% (8–23.5%).15 Studies in Ethiopia showed that the prevalence
of LBW was 17.9% in Southwest,14 17.4% in Gondar,15 and 9.9% in Northern Ethiopia.16 It was revealed that LBW was
associated with different maternal socio-demographic and obstetric, and neonatal characteristics.17–20

Evidence revealed the importance of the placenta indices in providing information about fetal wellbeing and
predicting pregnancy outcomes. Studies conducted previously related placental indices with maternal diseases like
gestational diabetes, pregnancy-induced hypertension, and anemia.1,21,22 In addition, one study conducted in Ethiopia
assessed the relationship between placental indices and fetal distress but did not examine the association of placental
parameters with birth weight.23 Moreover, evidence on the placental indices and their association with adverse neonatal
outcomes in Ethiopia is limited. Therefore, this study aimed to assess placental parameters and their association with the
low birth weight among neonates born in public hospitals in Southern Ethiopia.

Materials and Methods
Study Area
This study was conducted in the public hospitals of Hadiya zone, southern Ethiopia. Hadiya zone is one of the 14 zones
in Southern Ethiopia. It is situated over a total area of 3850.2 square kilometers and is administratively divided into ten
districts. It has an estimated total population of 1.6 million, of which 817,267 were males and 826,201 were females. In
this zone, there are three public hospitals.

Study Design and Period
An institution-based cross-sectional study design was conducted among randomly selected mother-neonate pairs and
placentae of neonates delivered in the public hospitals of Hadiya zone, southern Ethiopia from 01 September to
30 November 2018.

Source and Study Population
All mother-neonate pairs and placentae of neonates delivered in the public hospitals of the Hadiya zone during the study
period were the source population. On the other hand, systematically selected mother-neonate pairs and placentae of
neonates delivered in the public hospitals of the Hadiya zone were the study population.

Exclusion Criteria
The placentae from multiple live births and of the unknown gestational age and mothers-neonate pair whose birth took
place at home but transferred to the obstetric units of the selected hospitals for emergency treatment were excluded from
the study.

Sample Size Determination
Single population proportion formula was used to determine the sample size by considering the following assumptions;
95% confidence level, z α/2=critical value for normal distribution at 95% confidence level (1.96), 50% expected
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prevalence of low birth weight (p=0.5) since there is no prior study regarding placental indices and their association with
low birth weight in Ethiopia, 5% margin of error (d=0.05), and 10% non-response rate.

n ¼
z α
2

� �2p 1 � pð Þ

d2

" #

¼ 384

However, since the source population in the three public hospitals (593) was less than 10,000, the correction formula was
used to determine the final sample size. After considering a non-response rate of 10%, the final sample size for this was
256 mother-neonate pairs and their placentae.

Sampling Procedures
In this study, all the three public hospitals in the Hadiya zone were included. Before the data collection, an average
number of monthly deliveries was estimated for each hospital by using the number of deliveries in the previous three
months. Then, the sample size was proportionally allocated for each hospital based on the estimated number of deliveries
per month and the sampling interval (k=2) was calculated for each hospital based on the allocated sample size and the
number of deliveries. Finally, a systematic random sampling technique was used to select mothers admitted to the
delivery unit and their neonates and placentae (Figure 1).

Data Collection Tool and Procedures
A pretested structured interviewer-administered questionnaires and checklist to retrieve data from the medical chart
prepared in the English language were used to collect data on maternal and neonatal characteristics. Besides, a weighing
scale, long needle, and standard non-elastic tape were used to measure placental parameters. Gestational age was
expressed in complete weeks from the last normal menstrual period confirmed by the ultrasound scan report. Infant
weight was measured weighing scale calibrated in kilograms. Data were collected by the principal investigator and three
midwives working in the delivery units of the hospitals included in the study.

Specimen Collection and Preparation
Following the delivery of the randomly selected mothers, their placentae were checked for completeness and weight was
taken after trimming off all membranes and removing the umbilical cord leaving a length of 5cm from its fetal site of
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Figure 1 Schematic presentation of the sampling procedure for study on the association of placental parameters with birth weight among neonates delivered in the public
hospitals of Hadiya zone, Southern Ethiopia, 2018.
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insertion.3,4 Then, the placentae were washed in normal saline, mopped by a towel, and placed in plastic containers filled
with formalin (10%) within 20 minutes of delivery to prevent drying.24

Finally, the placentae were labeled with a number sticker for identification20,22 and stored again in a solution of 0.5%
formaldehyde in saline for further examinations and measurements.24 After all, placental diameter, weight, and thickness
were measured using the following procedures. The maximum (a) and minimum (b) diameters of the chorionic disc were
recorded in cm using a standard non-elastic tape measure at a right angle to each other and the mean of two
measurements was considered as the diameter of the placenta22 (Figure 2).

Placentae were weighed using a weighing machine scaled in grams.22 The placental shape and presence of the
accessory lobe were checked and recorded during observation and then categorized accordingly as round, oval, or
irregular.21 Placental thickness was measured using a long needle at five points of the placenta. The placenta was placed
on the fetal surface and arbitrarily divided into three zones of equal parts by drawing two circles on the maternal surface.
The circles divided the radius of the placenta into three equal parts. Then, one thickness was measured from the center of
the central zone, two from the middle zone, and another two from the peripheral zone, which were the points taken within
the outer zone. Finally, the mean of all five measurements was calculated and considered as the thickness of the
placenta22 (Figure 3).

Operational Definitions
Low birth weight: birth weight of a neonate measured <2.5kg whereas normal birth weight is the birth weight of
a neonate ≥ 2.5kg.

Placental weight: a placenta with a weight of 330gm and above was considered “normal” and a weight less than
330gm was considered “low placental weight”.

Placental thickness: a placenta with a thickness of 2cm and above was considered “normal” and a thickness less than
2cm was considered “low placental thickness”.

Figure 2 A photo demonstrating how average placental diameter (a = maximum diameter and b = minimum diameter) was measured in public hospitals of Hadiya zone,
Southern Ethiopia, 2018.
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Placental diameter: the placentae with a diameter of 15–22cm, <15cm, and >22cm were considered as “normal”;
“below normal”, and “above normal”, respectively.

Data Quality Control
Data collectors were trained for three days on the data collection tool and procedures during specimen collection and
preparation. Two weeks before the data collection, the questionnaire was pretested on 5% of the sample size in the Ottona
referral hospital to assure the clarity and understandability of the tool. During the actual data collection process, the
principal investigator checked the questionnaires for consistency and completeness daily.

Data Management and Statistical Analysis
Data were checked manually for completeness, coded, and entered into Epi-Data version 2.1 and then exported to SPSS
Version 20.0 for further analysis. Descriptive results were presented using frequency tables and pictures. Bivariable and
multivariable logistic regression analyses were carried out to examine the association of the placental indices (placental
weight, thickness, and diameter) and other independent variables with birth weight. Adjusted Odds Ratio (AOR) with a 95%
confidence interval was estimated to assess the strength of the association and a p-value <0.05 was used to declare statistical
significance. Multicollinearity between the explanatory variable was checked by conducting lasso logit regression and using
variance inflation factor (VIF) value and the VIF values for the variable included in the final regression model ranged from
1.09 to 1.18, indicating there was no collinearity between variables. The model fitness test was checked using the Hosmer
and Lemeshow goodness of fit test and the P-value of this test was 0.22 suggesting the model was best fitted.

Figure 3 A photo demonstrating how the surface of the placenta was divided into three zones (1 = central zone, 2a and 2b = middle zones, and 3a and 3b = peripheral
zones) to measure its thickness in public hospitals of Hadiya zone, Southern Ethiopia, 2018.
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Results
Maternal Socio-Demographic and Obstetric Characteristics
A total of 249 mothers were included in the study, giving a response rate of 97.26%. One hundred sixty-nine (67.9%)
mothers were in the age group of 20–34 years. Regarding maternal education, 51 (20.5%) mothers had no formal
education and 58 (23.3%) of them attended higher education. More than half of mothers (67.9%) resided in urban areas.
Among the study participants, 98 (39.4%) and 88 (35.3%) mothers were government employees and housewives,
respectively. Concerning obstetric characteristics, 159 (63.9%) were multiparous and 222 (89.2%) gave birth by
spontaneous vaginal delivery (Table 1).

Neonatal Characteristics
Among 249 neonates, 136 (54.6%) were males and 151 (60.6%) were delivered at a gestational age of 37 weeks and
above (term), whereas 98 (39.4%) were preterm. The mean birth weight of the neonates was 3.3±0.6 kg SD (range=2.0–
4.5kg). Two hundred-twenty-four neonates (90.0%) had a birth weight of 2.5kg and above and the proportion of neonates
with low birth weight was 10% (95% CI: 6–14%). Moreover, it was found that the prevalence low birth weight among
preterm neonates was 8%. Regarding the Apgar score, 66 (26.5%) and 26 (10.4%) neonates had a score of less than 7 at

Table 1 Socio-Demographic and Obstetric Characteristics of the Mothers Who Gave
Birth in Public Hospitals of Hadiya Zone, Southern Ethiopia, 2018

Variables Categories Frequency Percent

Maternal age <20 years 7 2.8
20–34 years 169 67.9

35–49 years 73 29.3

Place of residence Urban 169 67.9
Rural 80 32.1

Maternal educational status No formal education 51 20.5
Primary 74 29.5
Secondary 66 26.5

Higher 58 23.5

Occupation Farmer 39 15.7
Housewife 88 35.3

Governmental employee 98 39.4
Merchant 6 2.4

Unemployed 18 7.2

Marital status Married 229 92.0
Single 14 5.6
Divorced 6 2.4

Parity Nulliparous 90 36.1
Multiparous 159 63.9

Gravidity 1–2 107 43
3–4 85 34.1

≥5 57 22.9

Mode of delivery Spontaneous vaginal delivery 222 89.2

Vacuum and forceps extraction 23 9.2
Cesarean section 4 1.6
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the first and fifth minute of birth, respectively. In addition, it was revealed that the mean placental weight to birth weight
ratio × 100 was 14.8±3.4 SD (range=7.6–27.4).

Placental Parameters
The mean major diameter of the placenta was 18.3±2.7cm SD (range = 12.0–24.2cm) and the mean minor diameter was
17.2±2.6cm SD (range=10.5–23.5cm), with an overall mean placental diameter of 17.7±2.6cm. Three-fourth (75.9%) of
studied placentae had a diameter that was in the normal range, whereas 45 (18.1%) and 15 (6.0%) had a diameter below
and above the normal range, respectively. The mean placental weight (PW) and thickness were 475.9 (±103.4 SD;
range=300.0–751.0gm) and 2.4±0.4cm SD (range=1.6–3.9cm), respectively. The weight of 243 (97.6%) placentae was in
the normal range and the majority (68.7%) of the placentae were round in shape and irregularly shaped placentae
accounted for 7.6%.

Association of Placental Parameters with Neonatal Birth Weight
The result of the correlation showed that the correlation coefficient was −0.31 (P<0.001) for placenta weight, −0.12 (P=0.04)
for placenta thickness, and −0.11 (P=0.07). This indicates that while placenta weight and thickness were found to have
a statistically significant negative relation with birth weight, placental diameter did not correlate with birth weight.

In the bivariable logistic regression analysis, placental weight, placental thickness, gestational age, and place of
residence were significantly associated with low birth weight. However, in the adjusted regression analysis, only
placental weight (AOR: 6.57; 95% CI: 2.47–17.48), placental thickness (AOR: 4.94; 95% CI: 1.42–17.22), and
gestational age (AOR: 4.73; 95% CI: 1.49–14.99) were identified as the statistically significant factors affecting low
birth weight (Table 2).

Table 2 Results of Bivariable and Multivariate Logistic Regression Analysis for the Association of Placental Parameters
with Low Birth Weight Among Neonates Delivered in Public Hospitals of Hadiya Zone, Southern Ethiopia, 2018

Variables Categories Neonatal Birth Weight COR (95% CI) AOR (95% CI)

Low Normal

Sex of neonate Male 14 (10.3) 122 (89.7) 1.06 (0.46, 2.45) 0.33 (0.12, 1.07)
Female 11 (9.7) 102 (90.3) 1 1

Placental weight Low 4 (66.7) 2 (33.3) 21.14 (3.65, 46.32)* 6.57 (2.47, 17.48)*
Normal 21 (8.6) 222 (91.4) 1 1

Placental thickness Below normal 6 (19.4) 25 (80.6) 2.51 (1.11, 6.88)* 4.94 (1.42, 17.22)*
Normal 19 (8.7) 199 (91.3) 1 1

Placental diameter Above normal 1 (6.7) 14 (93.3) 0.77 (0.09, 6.26) 2.38 (0.24, 23.60)
Below normal 8 (17.8) 37 (82.2) 2.33 (0.93, 5.87) 2.75 (0.95, 7.95)

Normal 16 (8.5) 173 (91.5) 1 1

Gestational age Preterm 20 (18.2) 90 (81.8) 5.96 (2.12, 16.43)* 4.73 (1.49, 14.99)*
Term 5 (3.6) 134 (96.4) 1 1

Parity Nulliparous 12 (13.3) 78 (86.7) 1.73 (0.75, 3.97) 1.79 (0.64, 5.02)
Multiparous 13 (8.2) 146 (91.8) 1 1

Residence Rural 14 (18.4) 62 (81.6) 3.33 (1.43, 7.72) 2.20 (0.81, 5.98)

Urban 11 (6.4) 162 (93.6) 1 1

Notes: *Statistically significant variables at p-value <0.05. Low birth weight is weight <2.5kg and normal birth weight is weight ≥2.5kg. Placental
thickness: Low, thickness <2cm; Normal, thickness ≥2cm. Placental weight: Below normal, weight < 330gm; Normal, weight ≥330gm. Placental
diameter: Below normal, diameter <15cm; Normal, diameter of 15–22cm; Above normal, diameter >22cm.
Abbreviations: AOR, adjusted odds ratio; COR, crude odd ratio; CI, confidence interval.
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In addition, population attributable risk for the statistically significant placental indices (thickness and weight)
revealed that there will be a 13% and 14% reduction in the occurrence of low birth weight among neonates if the
placental thickness and placental weight of these neonates are within a normal range, respectively.

Discussion
This study aimed to assess placental parameters and their association with birth weight among singleton live births with
known gestational age born in the public hospitals of Hadiya zone, southern Ethiopia. In this study, the prevalence of
LBW was 10% (95% CI: 6–14%). This finding is consistent with the results of the studies done in Jimma, Western
Ethiopia 11.2%,25 Bahir Dar, Ethiopia 8.8%,26 and Tigray, Northern Ethiopia 9.9%.16 However, our finding is lower than
that of the studies in Gondar, Northern Ethiopia 17.4%15 and Southwest Ethiopia 17.9%.14 This variation might be due to
differences in the study settings, sample size, and maternal and neonatal characteristics.

The result of logistic regression analysis identified different factors affecting low birth weight. For instance, the odds
of low birth weight were more than six times higher among neonates with a placental weight below the normal range
(AOR: 6.57; 95% CI: 2.47–17.48) compared to those with normal placental weight. This finding is supported by the
results of the studies conducted in Nigeria27 and Mexico28 which reported a positive relationship between placental
weight and birth weight. A possible explanation for this finding might be because lower placentae size limits the transfer
of nutrients to the fetus during the intrauterine life which restricts fetal growth and development resulting in poor
neonatal outcomes like low birth weight.29

Consistent with the finding reported from the studies conducted in Iran30 and Pennsylvania,31 the current study
revealed that the likelihood of low birth weight was increased by about five times among neonates with a low placental
thickness (AOR: 4.94; 95% CI: 1.42–17.22) compared to neonates with the normal placental thickness. Our finding is
also supported by the study conducted in India which reported a good neonatal outcome among neonates with normal
placental thickness.32 This might be due to limited structural organization and vascularization of the thin placenta which
results in limited oxygen and nutrient supply thereby restricting the growth of the fetus.

Gestational age was also found to be an independent predictor of low birth weight. Accordingly, the odds of having
low birth weight were more than four times higher among preterm neonates (AOR: 4.73; 95% CI: 1.49–14.99) compared
to those delivered at the gestational age of 37 weeks or more. This finding is in agreement with the findings of the studies
in Ethiopia.16–18 Likewise, studies in Tanzania19 and Nigeria27 reported a higher risk of low birth weight among preterm
neonates. This can be explained by the fact that preterm neonates might not have a matured placenta during the
intrauterine life that can supply the nutrients required for fetal growth and development and thus more likely to have
lower birth weight than term neonates. Variation in placental weight for any given birth weight and gestational age might
be responsible for this finding.

Strengths and Limitations
In this study, placental indices were measured precisely to the nearest decimal and accordingly recorded by well-trained
data collectors under the close supervision of the principal investigator. However, this study only examined the
association of placental parameters with low birth weight and did not consider other potential risk factors for low
birth weight like congenital anomalies, multiple pregnancies, maternal nutritional status, gestational diabetes, hyperten-
sion, and antenatal care attendance. Furthermore, since this study was conducted in health institutions, the result of the
study might not be generalized to the entire population.

Conclusion
In this study, one in ten singleton births had low birth weight. It was also revealed that low placental weight, low
placental thickness, and gestational age were the factors that were significantly associated with LBW. Thus, proper
examination of the placenta should be performed routinely to provide valuable information regarding the subsequent care
given to the newborns. In addition, large-scale studies with strong designs are required to establish the causal relationship
between placental parameters and birth weight.
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