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Background: Macrosomia is defined as a birth weight of newborns >4000 grams irrespec-
tive of gestational age. It is becoming a burning public health issue in most developing
countries and contributes to maternal and newborn complications. Though macrosomia has
been increasing in Ethiopia, evidence about its magnitude and associated factors is limited
yet. Therefore, this study aimed to assess the prevalence and associated factors of macro-
somia among newborns delivered at the University of Gondar Comprehensive Specialized
Hospital, Northwest Ethiopia.

Methods: An institution-based cross-sectional study was carried out from February 23rd to
April 23rd, 2020. A total of 491 mothers and their newborns were included in the study. The
data were collected by interviewing the mothers and reviewing their charts using a structured
questionnaire. The outcome variable was newborn birth weight. Data were entered using Epi-
data version 4.6 and analyzed using STATA version 14 software. Bivariable and multi-
variable binary logistic regression were used to identify the factors associated with
macrosomia.

Results: The prevalence of macrosomia was 7.54%. Gestational age >40 weeks (adjusted
odds ratio (AOR) = 4.1 (95% CI = 1.7-9.7)), diabetes mellitus (AOR=5.5 (95% CI =
1.2-25)), previous history of macrosomia (AOR = 3.7 (95% CI = 1.4-10)), and male sex
(AOR = 3.4 (95% CI = 1.3-8.7)) were significantly associated with macrosomia.
Conclusion: In the current study, the prevalence of macrosomia was relatively high. The
study revealed that maternal diabetes mellitus, higher gestational age, history of macrosomia,
and male newborns were the predictors of macrosomia. Thus, obstetric caregivers should
give attention to early detection and management of mothers with diabetes mellitus, history
of macrosomia, and gestational age of >40 weeks during pregnancy to prevent macrosomia
and its complications.
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Background

Fetal birth weight is a significant measure of a mother’s and newborn’s nutritional
status and maybe the determinant of the newborn’s survival and future health,
growth, and development.! Macrosomia is the term used to describe a fetus or
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a newborn with very high body weight. There is no pop-
ular agreement among researchers and obstetricians on the
definition of macrosomia. Although birth weight (BW)
greater than 4000, 4200, or 4500 gram have been used as
a definition of a macrosomic newborn in various studies,z’3
the most accepted definition is the BW of newborns greater
than or equal to 4000 gram.* Most researchers in low and
middle-income countries describe macrosomia as a BW of
newborns 4000 gm and above irrespective of gestational
age (GA), and it affects both maternal and neonatal health
outcomes adversely.”’

Worldwide, 3-15% of all
pregnancies.® In developed countries, the prevalence of

macrosomia affects

macrosomia ranges from 5% to 20% at all births,*
although there has been a rise of 15-25% in the last two
decades. Research in 23 developing countries across Asia,
Africa, and Latin America found that the prevalence of
macrosomia varied widely from 0.5% in India to 14.9% in
Algeria.” Based on the findings of two studies, the macro-
somia rate in Chad was reported as 7.6%'° and 11.8% in
Iran.'" Findings from recent studies have also shown that
macrosomia prevalence in Ethiopia ranges from 6.7% to
19.1%.'*'% As a result, the different prevalence rates
among different countries may be due to several causative
factors investigated in various studies.®!*!!:13-20

Many risk factors have been identified in the causa-
tion of macrosomia. These include maternal age; multi-
parity, gestational age (GA), previous macrosomic baby,
ethnicity, male child sex, and the difference in socio-
demographic factors.”*'*!%2172 Factors such as pre-
gestational body mass index (BMI), weight gain during
pregnancy, and pre-existing diabetes mellitus (DM) and
gestational diabetes (GDM) are recognized as indepen-
dent factors for macrosomia.”-*¢-*%732

Macrosomia is a growing public health problem in
most developing countries and it directly or indirectly
contributes to maternal and neonatal morbidity and
mortality.®” This is due to the higher prevalence of dia-
betes and obesity in reproductive-aged women in develop-
ing countries.” It is known that macrosomia is associated
with a variety of maternal and newborns complication
such as perineal injury, cesarean section, postpartum
hemorrhage, prolonged labor, birth asphyxia, shoulder
dystocia, brachial plexus injury, and skeletal injury, still-
birth, hypoglycemia.”**'*35 Additionally, macrosomic

infants are prone to certain cancers,”*

obesity, hyperten-
sion, and type-II DM later in adulthood.*® Adverse mater-

nal and neonatal health outcomes due to macrosomia may

result in increased maternal and neonatal risks in develop-
ing countries due to the limited availability of obstetrical
and newborn basic emergency care.>”

Macrosomia is becoming a crucial public health issue
in Ethiopia. However, there are limited researches in
developing countries like Ethiopia in general and no
study in the study area in particular which determines the
prevalence of macrosomia and its associated factors. The
aim of the present study is, hence, to assess the prevalence
and associated factors of macrosomia among newborns
delivered at the University of Gondar Comprehensive
Specialized Hospital.

Methods
Study Setting

The study area, University of Gondar Comprehensive
Specialized Hospital, is located in the Central Gondar
zone, Amhara Regional State, Northwest Ethiopia.
Gondar is found at a distance of 745km from Addis
Ababa, the capital of Ethiopia. University of Gondar
Comprehensive Specialized Hospital is one of the largest
teaching hospitals in the Amhara Region, and providing
service for more than 7.2 million people in Gondar town
and the catchment area. The maternity division of the
hospital is composed of antenatal care (ANC) clinic, post-
natal ward, and delivery wards. It has midwives, senior
obstetricians, residents, general practitioners, and support
staff. Based on the hospital administrators’ report for
2019/20, about 9900 childbirths were attended at the
University of Gondar

Comprehensive  Specialized

Hospital.

Study Design and Period
An institution-based cross-sectional study was conducted
from February 23" to April 23", 2020.

Source and Study Population

The source population was all mother-newborn pairs in the
University of Gondar Comprehensive Specialized Hospital
and the study population was those randomly selected
mother-newborn pairs during the study period.

Inclusive and Exclusive Criteria

All mothers who delivered live newborns at the University
of Gondar Comprehensive Specialized Hospital during the
study period were included in the study and those mothers
who were too critically ill to speak were excluded.
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Sample Size Determination and Sampling

Procedure

The sample size was calculated using a single population
proportion formula by considering confidence level (95%),
a margin of error = 3%, and 11.86% of prevalence taken
from the previous study done in Hawassa, Ethiopia.”® By
adding a 10% non-response, the final sample size was 491.
A systematic random sampling technique was employed to
select study participants. The client registration book of
two months before the data collection time was reviewed
and then the total numbers of deliveries during a data
collection time were estimated (1650 deliveries per two
months). To determine the sampling interval (K), the total
expected number of all births during the study period
(1650) was divided by the sample size (491) to give 3.
To select the first participant, the lottery method was used.
Then every 3rd record was selected to form the sample.

Variables of the Study
Dependent variable: macrosomia.

Independent variables

Socio-demographic factors: maternal age, religion,
residence, educational status, occupational status, family
number, and income.

Obstetrics and medical factors: parity, GA, maternal
pre-existing DM and GDM, previous macrosomic deliv-
ery, previous history of stillbirth, pre-eclampsia, polyhy-
dramnios, and low level of physical activity.

Newborn related factor: sex of newborns.

Data Collection Procedure and Tools

The data were collected by interviewing the mothers and
reviewing their charts using a structured questionnaire.
The questionnaire was prepared and utilized after review-
ing relevant literature. It was first developed in English
then translated into Amharic and translated-back into
English for appropriateness and easiness in approaching
study participants. The BW of a newborn was measured
within an hour of delivery by using a beam balance scale
accurate to 100gm. The last normal menstrual period
(LNMP) was confirmed from both her chart and through
the interview. GA was estimated based on her LNMP and

using chart review Ultrasound reports.

Data Quality Control
The training was provided for data collectors on techniques
of data collection. Before data collection, the questionnaire

was pretested; and necessary adjustment was done accord-
ingly. The data collectors were supervised daily by the prin-
cipal investigator, and the collected data were checked for
completeness, consistency, accuracy, and clarity before entry.

Data Processing and Analysis

The collected data were coded, entered into Epidata ver-
sion 4.6, and exported to STATA version 14 software for
analysis. Descriptive statistics like percentages, propor-
tions, and mean was used. The results were presented
using tables, text, and charts. A Chi-square test was done
for categorical variables to check the assumptions. For the
associated factors, binary logistic regression analysis was
done since the outcome variable is binary. Both bi-variable
and multivariable binary logistic regression analysis was
employed. Model fitness was assessed using the Hosmer-
Lemeshow test. Variables with a p-value of less than 0.2 in
the bi-variable logistic regression were considered for the
multivariable logistic regression analysis. In the multivari-
able logistic regression, Adjusted Odds Ratio (AOR) with
95% confidence interval was used to declare the factors
significantly associated with macrosomia.

Ethical Considerations

Ethical approval and clearance for this study were obtained
from the Ethical Review Committee of the School of
Medicine, College of Medicine and Health Sciences,
University of Gondar with an approval number (Ref.
No.1858/02/2020). An official letter was submitted to the
University of Gondar Comprehensive Specialized Hospital,
Medical Director Offices. Permission was obtained from the
University of Gondar Comprehensive Specialized Hospital,
Department of Gynecology and Obstetrics. After explaining
the objective and the importance of the study, written
informed consent was obtained from each participant.
Confidentiality was maintained. This study was conducted
in accordance with the Declaration of Helsinki. University
of Gondar Ethical Review Committee approved participants
under the age of 18 years to provide informed consent on
their own behalf, and the informed consent included the
publication of anonymised responses.

Results
Socio-Demographic Characteristic of the

Study Participants
A total of 491 study participants were involved in the study
with a response rate of 100%. The mean age of the mothers
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was 28.23 (£5.33) years, ranging from 16 to 45 years.
Majority 383 (78%) were urban residents. In addition, 461
(93.89%) of the mothers were married, 289 (58.86%) had
secondary education, and 236 (48.07%) were housewives.
Regarding the income of the study participants, 376
(76.58%) of mothers had an average monthly income
between 1211 and 8970 Ethiopian Birr (Table 1).

Obstetric and Medical Characteristics of

Mothers

Out of 491 mothers, most 470 (95.72%) had ANC follow-
up and 363 (77.23%) of them had at least four visits during
their course of pregnancy. Concerning pregnancy status,
358 (72.91%) of pregnancy was wanted and planned.
Majority 435 (88.59%) of women gave birth to between
37 and 42 weeks of gestation, and 305 (62.12%) were
multiparous. Fifty-four mothers (11%) had pre-eclampsia,
and 15 (3.05%) had DM (pre-existing and GDM) of which
13 (86.67%) had GDM. Out of 491 interviewed mothers,
57 (11.61%) had a history of cesarean section, and 41
(8.35%) had a prior history of macrosomic baby delivery
(Table 2).

Characteristics of Newborns

The mean BW of the newborns was 3028.2+579.1gram.
Regarding the sex of newborns, 275 (56.01%) were male
and 216 (43.99%) were females with a ratio of 1.27:1,
respectively (Table 3).

Prevalence of Macrosomia

The prevalence of macrosomia was 7.5% (95% CI: 5.5,
10.2%) and is presented in Table 3. Among the macro-
somic babies, there were more male babies (n = 30,
81.1%) compared to female (n = 7, 18.9%).

Factors Associated with Macrosomia
In bivariable analysis: maternal age >30 years, being
Muslim religion, average monthly income, GA > 40
weeks, multiparity, pre-eclampsia, DM, polyhydramnios,
previous history of macrosomia, previous history of still-
birth, and sex of newborn were statistically significant at
a p-value of 0.2. However, in the multivariable model,
only GA > 40 weeks, maternal DM, previous history of
macrosomia, and male newborns were statistically signifi-
cant associated factors with macrosomia.

Mothers having a GA of >40 weeks were 4.1 times
more likely to delivered macrosomic newborns than their

Table |
Participants

Socio-Demographic Characteristics of the Study

Variables Category Frequency | Percent
(%)

Age of the mother <30 years 298 60.7
(years)

230 years 193 393
Residence of the Urban 383 78
participants

Rural 108 22
Ethnicity Ambhara 476 96.9

Kimant 13 2.7

Tigrie 2 0.4
Religion Orthodox 446 90.8

Muslim 45 9.2
Marital status of the | Married 461 93.9
mothers Single 17 35

Divorced and 13 2.6

separated
Educational status Unable to read 91 18.5
of the mothers and write

Read and write 41 8.4

only

Primary 70 14.3

Education

Secondary 289 58.8

education and

above
Occupational status | Housewife 236 48.1
of the mothers Government 125 255

employee

Nongovernment | 8 1.6

employee

Self employed 93 18.9

business

Daily laborer I 22

Others * 18 3.7
Monthly income in <1210 53 10.8
Ethiopian Birr 1211-8970 360 733

>8970 78 15.9
Number of family <4 members 277 56.4
members

24 members 214 43.6

Note: Others* = students and unemployed.

counterparts (AOR= 4.1 (95% CI: 1.7-9.7)). The odds of
being macrosomic in babies born from DM mothers were

5.5 times greater than the odds of macrosomia in non-DM
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Table 2 Obstetric and Medical Characteristics of the Mothers Table 2 (Continued).
Delivered at the University of Gondar Comprehensive
Specialized Hospital, Northwest, Ethiopia 2020 (n=491) Variables Category Frequency | Percent
)
%
Variables Category Frequency | Percent )
(%) Medical illness Yes 51 10.4
ANC follow up Yes 470 95.7 Types of medical No 440 89.6
No 2 43 illness HIV/AIDS 5 9.8
Previous history of Anemia 21 41.2
Number of ANC visit | < 4 times 107 228 macrosomia Urinary tract 10 19.6
2 4 times 363 77.2 infection
Cardiac disease | 3 59
Pregnancy status Wanted and 358 72.9
Others* 12 235
planned
Yes 41 8.4
Wanted but 114 232
No 450 91.6
unplanned
Unwanted and 19 3.9 Previous history of Yes 41 84
unplanned stillbirth
No 450 91.6
Dietary counseling Yes 433 88.2
During pregnancy No 58 1.8 Previous history of Yes 57 1.6
Physical exercise Yes 244 4.9 cesarean section
Done in a day No 467 95.1 No 434 88.4
Meal frequency <3 times 272 55.4
Previous history of Yes 23 4.7
per day per day | )
>4 times 219 446 pre-eclampsia
No 468 96.3
per day
Parity Para | 186 379 Prewo'us hlst.ory of Yes 5 1.1
Multiparous 305 621 gestational diabetes
No 486 98.9
Birth interval <36 months 65 21.3 ]
36 months 240 78.7 Modes of delivery Spontaneous 266 54.2
vaginal delivery
GA at delivery Preterm 40 8.1 Cesarean 209 42.6
(weeks) Term 435 88.6 section
Post-term 16 33 Instrumental 16 32
. delivery
Pre-eclampsia Yes 54 Il
No 437 89 Notes: Others*=gastric disease, asthma, renal disease, pneumonia, and malaria.
Pre-eclampsia Yes 36 66.7
treatment took mothers (AOR =5.5, 95% CI (1.2-25)). Mothers who had
No 18 333 a previous history of macrosomic baby were 3.7 times
DM in pregnancy Yes 15 3.1 more likely to deliver a macrosomic baby as compared
No 476 96.9 to their counterparts (AOR =3.7, 95% CI (1.4-10)).
Types of DM GDM I3 86.7 Likewise, being male increased the risk of having macro-
Type Il DM 2 13.3 somia by 3.4 compared to females (AOR =3.4, 95% CI
DM medication took | Yes 5 333 (1.3-8.7)) (Table 4).
No 10 66.7
Polyhydramnios Yes 5 | Discussion
No 486 % This study was aimed to assess the prevalence and associated
(Continued) factors of macrosomia among newborns delivered at the
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Table 3 Newborn Characteristics of the Study Participants at the University of Gondar Comprehensive Specialized Hospital,

Northwest Ethiopia 2020 (n=491)

Variables Category Frequency Percent (%)
Sex of newborn Male 275 56
Female 216 44
Birth weight (g) Low birth weight(<2500g) 60 12.2
Normal birth weight(2500-3999g) 394 80.3
Macrosomia(24000g) 37 7.5
External visible congenital anomalies Yes 3 0.6
No 488 99.4

University of Gondar Specialized Comprehensive Hospital.
In this study, the prevalence of macrosomia was found to be
7.54%. The present study was in line with previous studies in
Saudi Arabia,* Turkey,16 China,'* Ghana,"” Chad," and
Ethiopia."* On the other hand, the finding of this study was
lower than the study conducted in Iran'' and Algeria.'® This

15,37 and

variation may be due to racial and ethnic differences
also may be due to geographical variation of factors among
a different area that has been documented in various
studies.'**® As well, this finding was also lower than the
study conducted in Ethiopia.'”> The difference could be
because methodological, in a way that, the previous study
considered only singleton term live-birth deliveries which
increase the prevalence of macrosomia. This variation may
also be associated with the difference in the socio-economic
status of the mothers and the study area. However, our find-
ing was higher than the findings reported in China,'® Saudi
Arabia,”® and Iran.'” The possible reasons for the discre-
pancy could be the difference in socio-demographic charac-
teristics, health service system, and the way of treating
mothers during follow-up care, study area, and study time.

The findings of the present study indicated that the GA of
>40 weeks was significantly associated with macrosomia.
Mothers having a GA of >40 weeks were 4.1 times more
likely to be delivered macrosomic babies than mothers hav-
ing a GA of <40 weeks. This finding was supported by the
studies in Malaysia,*® Iraq,® California,>> Ethiopia,*® Iran,'”
Tanzania,” and China.?’” This may be because an advanced
gestational age leads to large birth weight at delivery by
permitting the growth process to continue in the uterus.
And, this is to be expected as newborns gain weight around
150-200g near term.>®

Our study also demonstrated that maternal DM sig-
nificantly increased the risk of macrosomia in newborns.

Mothers who had DM were 5.5 times more likely to
have a macrosomic baby as compared to those who had
no DM. This was in agreement with the study in Saudi

3139 and Tanzania.” The pos-

Arabia,*? M.alaysia,26 Iran,
sible reason might be due to the pathophysiology of
macrosomia. The pathophysiology of macrosomia is
related to the underlying maternal or fetal conditions
which are responsible for its development. In
a diabetic mother, an impaired maternal glycemic con-
trol and high maternal serum glucose level which leads
to hyperglycemia cause glucose to cross the placenta but
the insulin does not cross. These results in fetal pan-
creas respond to hyperglycemia and secrete excessive
insulin (hyperinsulinemia). Hyperglycemia in the fetus
results in the stimulation of the secretion of insulin,
insulin-like growth factors, growth hormone, and other
growth factors, which in turn stimulate fetal tissue
growth, deposition of fat, and glycogen in the fetus,
resulting in macrosomia.*’

Our finding also revealed that mothers having
a previous history of macrosomic babies were at increased
risk of having macrosomic newborns. Mothers who had
a previous history of a macrosomic baby had 3.7 times
increased risk of having a macrosomic baby than their
counterparts. This finding was in agreement with studies
in Chad,'” Cameron,” Iran,''! Iraq,6 Tanzania,” and
Ethiopia.'>*® This may be due to an inherited genetic
tendency of a mother to deliver macrosomic babies. This
could be due to the greater maternal BMI at the time of
conception, excessive weight gain between pregnancies as
well as weight gain during pregnancy leading to recur-
rence of macrosomia.*'

this had

a significant positive association with the sex of newborns.

Furthermore, in study macrosomia
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Table 4 Factors Associated with Macrosomia Among (n

Specialized Hospital, Northwest Ethiopia 2020

=491) Newborns Delivered at the University of Gondar Comprehensive

Macrosomia COR AOR
Variables Category YES No (95% Cl) (95% Cl)
Age of the mother (years) <30 14 (37.8%) 284 (62.6%) | I
230 23 (62.2%) 170 (37.4%) 2.7 (1.4-5.5)* 1.4(0.6 —3.2)
Religion of the respondents Orthodox 30 (81.1%) 416 (91.6%) | |
Muslim 7 (18.9%) 38 (8.4%) 2.6(1.0-6.2) 0.4(0.11-1.3)
Average monthly income(EBR) <1210 1 (2.7%) 52 (11.4%) | |
1211-8970 21 (56.8%) 342 (74.9%) 2.7 (0.4-20.9) 2.2(0.2-17)
>8970 15 (40.5%) 60 (13.7%) 12 (1.6-9)* 6.5(0.7-55)
Parity Para | 6 (16.2%) 180 (39.6%) | I
Multiparous 31(83.8%) 274 (60.4%) 3.4 (1.9-8.3)* 2.1(0.7-6.2)
GA in weeks <40 9 (24.3%) 278 (61.2%) | |
240 28 (75.7%) 176 (38.8%) 4.9 (2.3-10)** 4.1(1.7-9.7)**
Pre-eclampsia Yes 8 (21.6%) 46 (10.1%) 2.4 (1-5.6)* 1.3(0.44.4)
No 29 (78.4%) 408 (89.9%) | I
DM in pregnancy Yes 7 (18.9%) 8 (1.8%) 13 (4.4-38)* 5.54(1.2-25)*
No 30 (81.1%) 446 (98.2%) | I
polyhydramnios Yes 2 (5.7%) 4 (8.8%) 6.42 (1.1-36)* 1.4(0.1-27)
No 35 (94.3%) 450 (91.2%) | |
Previous history of macrosomia Yes 12 (32.4%) 29 (6.4%) 7.03(3.2-15)** 3.75(1.3-10)*
No 25 (67.6%) 425 (93.6%) | |
Previous history of stillbirth Yes 6 (16.2%) 38 (8.4%) 2.1(0.8-5.0) 1.9(0.6-6.2)
No 31 (83.8%) 416 (91.6%) | |
Sex of newborns Male 30 (81.1%) 245 (54%) 3.6(1.6-8.4)* 3.4(1.3-8.7)*
Female 7 (18.9%) 209 (46%) | I

Notes: * Statistically significant at p<0.05, ** p-value <0.001. Hosmer—Lemeshow test of goodness of fit =0.2874

Abbreviations: |, reference category; GA, gestational age.

Being male was about 3.6 times more likely to be macro-
somic as compared to being female. This is consistent with
studies in Malaysia,26 China,'* Northern California,”
Cameron,*’ and Ethiopia.”® Male newborns usually around
150-200g larger than female newborns of the same gesta-

tional age near term.”®

Strength of the Study
The data were collected by trained professional midwives;
and there were no similar studies conducted in the study area.

Limitation of the Study
This study had some limitations: First, the cross-
sectional nature of the study design may not show the

cause and effect relationship. Secondly, the study did
not address some factors such as high pre-pregnancy
body mass index and weight gain during pregnancy.

Conclusion

The prevalence of macrosomia in this study was rela-
tively high. The presence of DM, previous history of
macrosomia, GA of 40 weeks and above, and male sex
were significant factors associated with macrosomia.
So, obstetric caregivers should give attention to early
detection and management of mothers with DM, pre-
vious macrosomia, and GA of >40 weeks during their
ANC visit to prevent macrosomia and its associated
complications.
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Abbreviations
ANC, Antenatal Care; AOR, Adjusted Odds Ratio; BMI,
Body Bass Indexed; BW, birth weight; CI, Confidence

Interval;
Mellitus;

COR, Crude Odds
GA, Gestational

Ratio, DM, Diabetes

Age; GDM, Gestational

Diabetes Mellitus; HIV/AIDS, Human Immune Virus/
Acquired Immune Deficiency Syndrome; LNMP, Last
Normal Menstrual Period; STATA, statistics/data analysis.
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