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Dedication

To mothers who have to deal with pregnancy, taking care of their offspring, and to children

who live in drought-affected areas.
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Scientific environment

What is this thesis about?

Understanding intrauterine foetal growth is a fundamentally important for early identification
of normal and abnormal foetal growth, which can affect birth weight at birth and growth in
early childhood. This thesis addresses patterns in intrauterine foetal growth, new-born weight,
and child linear growth. Particular emphasis is given to patterns of intrauterine growth
compared to international standards and its association with birth weight and linear child

growth in the context of maternal and child health services in the study area.

The study on intrauterine growth patterns in Paper I was undertaken to evaluate the similarity
and variation of foetal growth in the study area as compared to the World Health Organization
(WHO) and INTERGROWTH-21* reference standards (1, 2). The results will inform
subsequent use of these references. In addition, this thesis evaluated the influence of the
intrauterine foetal growth pattern on birth weight, and linear child growth as measured at 11
to 24 months postnatal (Paper II). Paper III analyses the compliance of antenatal care
utilization with national and WHO guidelines and its association with adverse pregnancy
outcomes. Hence, this thesis presents information on how the intrauterine growth pattern
relates to early child linear growth, information that may contribute important and relevant
information that will improve health care given during pregnancy and its implication for child

growth and development.

Research Environment

This study was conducted within the context of a large community-based cluster randomized
controlled trial (MalTrials) designed to determine the impact of combined long-lasting
insecticidal nets and indoor residual spraying for malaria prevention in Ethiopia (3). Within
this study, a cohort of pregnant women in the community where the trial was conducted were
enrolled and followed until the first three days of postpartum period. Subsequently, their
children were followed up to 11 to 24 months after delivery. This prospective cohort study
was conducted from July 2016 to 2018. One of the initial ideas was to investigate if malaria
influenced intrauterine growth. However, we only found malaria in five of the

pregnant women and thus we modified our initial objective to the one mentioned above.
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The trial was conducted from 2014 to 2016 in the Adami Tullu area in the Ethiopian Rift
Valley by researchers from Addis Ababa University and Hawassa University, Ethiopia, and

from the University of Bergen and Norwegian University of Life Sciences in Norway.
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Summary

Introduction

Ethiopia is a country with a low coverage of antenatal care services. In 2019, only 43% of
pregnant women had the recommended four antenatal care (ANC) visits during their
pregnancy while 24% of women in Ethiopia had no ANC visits at all. Different national
initiatives are underway to expand and improve maternal health services utilization. These are

aligned with international and national agendas and goals.

In the first 1000 days of life, starting from the time of conception, growth is viewed as a
continuum between the foetal period, infancy, and early childhood. Foetal growth is dynamic.
Defining normal or abnormal foetal growth requires the taking of serial measurements. If the
foetal growth is abnormal, it can result in low birth weight or prematurity. Low birth weight

and prematurity are major contributors of neonatal and infant mortality and morbidity.

ANC is an important care point that has a positive influence in identifying pregnancy-related
complications. It can also contribute to improved pregnancy outcomes. Ethiopia implemented
the World Health Organization’s (WHO) focused ANC (FANC) model at all health facilities
until February 2022, which was a goal orientated approach to delivering evidence-based

interventions carried out at four critical times during pregnancy.

Population specific foetal growth charts that can be used to monitor foetal growth patterns are
lacking, particularly in areas affected by food insecurity and drought such as are found in
Ethiopia. Moreover, the influence of intrauterine uterine growth on birth weight and early
childhood growth has not been examined in this country. In addition, even though ANC is
taken as an opportunity for influencing the well-being of pregnant mothers and growing
foetus, the evidence supporting a relationship between ANC and adverse pregnancy outcomes

is unclear in Ethiopia.

Meselech Assegid Roro PhD Thesis v



Intrauterine foetal growth and child linear growth in Ethiopia 2022
Objective

The overall objective of this thesis was to examine intrauterine and child growth in a drought-
affected rural area of Ethiopia in the context of the country’s health system. The first
objective was to assess intrauterine uterine growth patterns in comparison to the WHO and
the INTERGROWTH 21* intrauterine uterine growth standards. The second objective was to
examine the influence of intrauterine foetal growth on length-for-age Z-score and weight-for-
length Z-score in early childhood 11-24 months of age. The third objective was to assess the
compliance of ANC utilization with national and WHO guidelines and whether adverse

pregnancy outcomes were associated with the use of antenatal care services.

Methods

We conducted a prospective cohort study in the rural community of Adami Tullu district in
the Oromia Regional State in south central Ethiopia from July 2016 to November 2018. We
included 704 pregnant women, with a gestational age of less than 24 weeks and followed

them to delivery. We followed the children until they were 24 months postnatal.

At enrolment, we collected data on maternal, sociodemographic and household
characteristics. We also collected data on maternal weight, blood pressure, mid upper arm
circumference (MUAC), haemoglobin, and malaria test results at 26, 30, and 36 weeks of
gestation. We obtained foetal biometric measurements (head circumference, biparietal
diameter, abdominal circumference, and femoral length) and estimated foetal weight using
ultrasound at each visit. We subsequently followed the new-borns postnatally and measured

their lengths and weights once at the age of 11-24 months.

Foetal weight was estimated using the Hadlock algorithm, and the 5th, 10th, 25th, 50th, 75th,
90th, and 95th centiles were generated from this model. We compared the Z-scores and
percentiles of biometric measurements and estimated foetal weight with the

INTERGROWTH 21* and WHO multicentre foetal growth reference standards (Paper ).

After birth, we measured the weights and lengths of 554 children at age of 11-24 months. The
birth-weight-for-gestational-age Z-score was calculated using INTERGROWTH 21
international new-born birth standards. We determined Z-scores of length-for-age, weight-for-
age and weight-for-length of the children using the 2006 WHO child growth standards. We

used a multilevel mixed effect linear regression model to examine the influence of foetal
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biometric measurements, new-born (birth weight, gestational age at delivery, sex), maternal
(age, height, education, occupation, parity) and household (household wealth, family size)

characteristics on birth weight, child length-for-age and weight-for-age (Paper II).

We used the WHO and national ANC guidelines to compare the service utilization patterns,
and collected data on ANC utilization among 704 pregnant women at three prescheduled
visits during pregnancy and at birth. Data on the extent of antenatal care content received,
timing of antenatal care, location of antenatal care, and location and mode of delivery were
obtained by interviewing the pregnant women. Adverse pregnancy outcomes was computed

as the sum of preterm birth, intrauterine foetal deaths, and stillbirths (Paper III).

Results

The distribution of biometric measurements and estimated foetal weight in our study were
similar to the WHO and INTERGROWTH-21* references. Most measurements were between
-2 and +2 of the reference Z-scores. Based on the smoothed percentiles, the 5t 50t and 951
percentiles, our study had similar distribution patterns to the WHO chart, and the 50™
percentile was similar to the INTERGROWTH-21% chart (Paper ).

We found that foetal factors, duration of pregnancy, child age, maternal height and family size
were the main predictors of linear growth. Both birth weights and linear growth were
influenced by early intrauterine foetal growth. Birth weight was also influenced by foetal
growth during late pregnancy. Environmental factors had more influence on the child’s linear
growth compared to their effect on birth weight. We observed a large variation in length-for-
age Z-score (30%) and weight-for-length Z-score (22%) among kebeles (local wards) than in
the birth weight of new-borns (11%) indicating more heterogeneity in clusters for length-for-

age Z-score and weight-for-length Z-score than for birth weight (Paper II).
We found that pregnant mothers had a poor compliance of ANC utilization compared to the

national and the WHO guidelines. In addition, we found that the current FANC utilization status

were not associated with the adverse pregnancy outcomes that we measured (Paper III).
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Conclusions

In conclusion, this thesis demonstrated that; (i) foetal growth patterns were similar to the
INTERGROWTH-21* and the WHO multicentre foetal growth reference standards, (ii) early
intrauterine foetal growth affected both birth weight and linear growth while foetal growth
during late pregnancy influenced birth weight only. In addition, there was more influence of
environmental factors on child linear growth compared to their effects on birth weight and,
(ii1) ANC service utilization is low in the context of national and WHO guidelines. In
addition, there was no association between the current focused antenatal health care service

and adverse pregnancy outcomes.
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Summary in Norwegian

Fostervekst og vekst hos sma barn pa den etiopiske landsbygd.

Etiopia er fortsatt et av verdens fattigste land, og bruken av helsetjenester er lav. Mgdre
dgdeligheten er ogsa hgy. Og, mange barn har bade akutt og kronisk underernzering. Det er derfor
behov for studier til 8 bedre forstaelsen av fostervekst og barns vekst. Bedre innsikt av intrauterin
fostervekst er en viktig for tidlig identifisering av normal og unormal fostervekst, noe som kan
pavirke fgdselsvekt ved fadselen og vekst i tidlig barndom. Malsetningen med denne avhandlingen
var a male intrauterin fostervekst, og se hvorledes barns lengdevekst var i de fgrste to levear.
Avhandlingen vurderer ogsa hvorledes slike mal kan brukes i den eksisterende mgdre- og

barnehelsetjenesten pa den etiopiske landsbygd.

Studien ble utfgrt i den sentrale delen av Riftdalen i Etiopia. Omtrent 700 gravide kvinner ble
undersgkt, og deres barn ble fulgt opp til de var omtrent to ar. Studieomradet er et typisk

landbruksomrade, har gjentatte ganger veert rammet av tgrke og hungersngd.

Selv om det har veert matmangel i omradet, viser studien at intrauterin vekst er sammenlignbart med
Verdens helseorganisasjon (WHO) og INTERGROWTH-21st referansene. Imidlertid er det mange barn
som far en lav lengdevekst de fgrst to ar. Dette kan forklares bade med faktorer under graviditeten

og arsaker som oppstar i de tidlige barnearene.

| den siste artikkelen i avhandlingen beskrives og analyseres hvorledes svangerskapsomsorgen
fungerer sammenlignet med de nasjonale og WHOs retningslinjer. Det er betydelige mangler med

dagens graviditetskontroller. Det er derfor viktig & styrke mor-barn helsearbeidet.
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Introduction

Maternal and child health in Ethiopia

Ethiopia has made progress in terms of reducing maternal mortality between 1990 and 2015.
Maternal mortality ratio was reduced from 950 per 100 000 live births in 2000 to 353 per 100 000
live births in 2015. Ethiopia is considered as a country that is making progress in this area (4).
Prevention of deaths from the maternal and neonatal complications requires quality maternal and

new-born care being both accessible and optimally used by the mothers and caretakers.

In its strategic health sector transformation plan, the Ethiopian government has put strong
emphasis on reducing maternal mortality. Its aim is to reduce the maternal mortality ratio
from 401 per 100 000 live births in 2017 to 277 per 100 000 live births by the end of 2025 (5).
One of the aims of the strategic plan is to strengthen antenatal, delivery, and postnatal care

services (6, 7).

The Ministry of Health (MoH) of Ethiopia has implemented a set of high impact
interventions, including antenatal care, skilled birth services, and postnatal care. The
proportion of pregnant women who received antenatal care from a skilled provider at least
once increased from 27% in 2000 to 74% in 2019. The percentage of live births delivered by a
skilled provider increased from 5% in 2000 to 49.8% in 2019. Women who received a
postnatal care check-up in the first 2 days after birth increased from 8% in 2000 to 34% in
2019 (8, 9). Although the ANC coverage has shown an increase over the past two decades, the

coverage for the recommended four ANC visits is still only 43% (6).

Considerable progress has been made to improve the child health in Ethiopia. The infant
mortality rate declined from 123/1000 live births in 1990 to 59/1000 in 2010, and the under-
five mortality rate declined from 184/1000 live births in 1990 to 88/1000 in 2010 (10). For
the 5-year period preceding the Ethiopian Demographic and Health Survey (EDHS) in 2019,
the under-5 mortality rate was 55/1000 live births, and the infant mortality rate was 43 deaths
per 1000 live births. According to EDHS 2016, 37% of children under age 5 were stunted
(short for their age); 7% were wasted (thin for their height) and 21% are underweight (thin for
their age) (8).
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Before 2011, Ethiopia’s universal immunisation of children was against six common vaccine-
preventable diseases. These included tuberculosis, diphtheria, whooping cough (pertussis),
tetanus, polio, and measles. The government introduced four additional immunizations of
vaccine preventable diseases in addition to the previous ones from 2011 to 2012. These were
hepatitis B, Haemophilus influenzae type b (Hib), pneumococcal conjugate vaccine (PCV 13)
and monovalent human rotavirus vaccine (RV1) (8). The percentage of children aged 12-23
months who received all the basic vaccinations, one dose of BCG vaccine, three doses of
DPT-HepB-Hib, three doses of polio vaccine, and one dose of measles, increased from 39%

in 2016 to 43% in 2019 (8, 11).

Antenatal care

Antenatal care during pregnancy is one of the recognized health care interventions that has
been shown to prevent and manage complications occurring during pregnancy, childbirth, and
post-delivery. ANC provides a measure of access to the health system. It is critical in ensuring
proper continuity of care to identify maternal risks and improve health outcomes for mothers
and new-borns (WHO 2011a). In 2014, global estimates indicate that only 52% of all
pregnant women received the recommended number of ANC visits during pregnancy in

developing regions (12, 13).

Although the ANC coverage has shown an increase over the past two decades, it is still
insufficient. Studies have found that ultrasound use is associated with an increase of ANC
attendance (14, 15). Ultrasound assessment during ANC is done for various purposes
depending on the timing during the pregnancy. Early ultrasound scans, before 24 weeks of
gestation, are recommended to estimate gestational age. These early scans are also helpful for
early detection of foetal anomalies and multiple pregnancies. In addition, they provide
guidance for the proper preparation and management of preterm and post-term births, reduce

induction of labour for post term pregnancies, and help create a positive pregnancy experience

(16).
Antenatal care in Ethiopia

Ethiopia has been implementing an ANC program adapted from the WHO's focused antenatal
care model (FANC)at all health facilities until 2021. FANC is a goal orientated approach to

delivering evidence-based interventions carried out at four critical times during pregnancy
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(17). For normal pregnancies, the ANC visits should occur at gestational ages between 8 and
12 weeks, 24 and 26 weeks, at 32 weeks, and between 36 and 38 weeks. Women with high-
risk pregnancies and those who develop pregnancy complications are required to have more
frequent ANC visits, or they are referred to the next level of care (18). Before the FANC,
Ethiopia implemented the “risk approach” for maternal and child health care that was adapted

from the 1978 World Health Organization ANC guideline (19).

The MoH published a new guideline for ANCs in February 2022. This guideline adopted the
2016 WHO ANC guideline that recommends eight ANC visits, instead of the four visits in the

FANC, for all women without specific pregnancy-related complications (20).

According to the guidelines for ANC in Ethiopia, every pregnant woman is expected to
receive ANC from a skilled provider. This includes a comprehensive physical examination,
blood tests for essential screening investigations (Haemoglobin, HIV test, blood group,
VDRL, HBsAg) a urine test, tetanus toxoid injections, iron and folate supplements, and
medications for deworming. The guideline also recommends one ultrasound scan before 24

weeks of gestation (21).

Community-based Health Extension Workers (HEWs) in their respective kebeles deliver
ANC service at a health post, a part of the first level of primary health care unit. The HEWs
also identify pregnant women in their catchment areas and link them to health centres and
hospitals. However, they do not measure blood pressure, do not screen for anaemia or
infections (except for malaria), do not perform blood glucose or urine test for protein (21).
Routine ANC service delivery is carried out in the health centre that is linked with the health
post. Pregnant women with past history of obstetric complications, current high risk obstetric
conditions or medical illnesses such as cardiac or kidney problems are referred to higher

facilities for specialized antenatal care and closer follow up or hospital delivery (22).

According to the mini EDHS 2019, only 43% of pregnant women in Ethiopia received the
recommended four ANC visits (8). In a Ethiopian setting, ultrasound service is being provided
at secondary and tertiary level public health facilities mainly by obstetricians, and
radiologists. The ultrasound service is also provided by other health professionals trained on
comprehensive emergency obstetric care and emergency surgery services at primary health

care level (6).
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Despite the progress in maternal and child health service coverage in Ethiopia, significant
inequalities still exist in the delivery of ANC, postnatal care, neonatal care, and early child
development based on differences in economic status, education, and place of residence. In
addition, much remains to be done towards improving the quality of the services at each level

of the health system.

Growth monitoring, both intrauterine and early childhood

Historical overview of prenatal and childcare

An increasing understanding of foetal growth and development comes from better systematic
measurement taking and registration of birth weights during the last century. One of the
current focuses of prenatal care is foetal size and growth. During the first half of the 20"
century, knowledge of foetal development and factors influencing birth weight was based on
examination that occurred after abortions and birth (23-25). The majority of births during that
time took place at home (26). There was an increase in the number of birth institutions from
1920 to 1960 and women increasingly chose institutional delivery (26). There was little or no
organized registration of medical information relating to births for those who delivered

outside institutions. Antenatal care was practically non-existent in the early 1900s (27).

For assessment of foetal size, abdominal palpation was largely replaced by measurement of
the fundal height. Fundal height, introduced in Stockholm, Sweden in 1972 by Westin, is the
symphysis-fundus height (SFH) measurement for foetal size (28). SFH measurement was
introduced in Ethiopia by Kiserud in 1986 in his investigation to describe the SFH pattern

according to gestational age (29).

Both SFH and abdominal palpation have low sensitivity in detecting gestational age of small
(SGA) foetuses (30, 31). Until the introduction of ultrasound imaging, SF height and
abdominal palpation were the only antenatal methods available to identify possible foetal
growth problems. In 1958, Ian Donald established the potential use of ultrasound technology
(32). In 1961, Donald and Brown introduced the measurement of biparietal diameter (BPD)

(33), which later was shown to correlate with foetal weight (34).

The introduction of ultrasound in obstetric care provided a unique opportunity to monitor

foetal development and growth. As knowledge has increased and technical developments
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have continued, reference charts for foetal size and growth pattern have regularly been
updated with the use of ultrasound. Moreover, ultrasound imaging has various other
applications during pregnancy. It has been used to diagnose foetal congenital abnormalities,
single or multiple pregnancies, non-cephalic presentations, incomplete abortions, molar
pregnancy, ectopic pregnancy, polyhydramnios, oligohydramnios and placenta previa. It has
also been used to measure pelvic outlet and to estimate gestational age. One reasons that it is
important to have a proper assessment of gestational age is to distinguish pre-term new-borns
from low birth weight (LBW) new-borns (but not pre-term), as the interventions needed may

differ (35).

Foetal growth

Intrauterine foetal growth is one of the factors that influence a child’s health. Moreover,
adequate intrauterine growth (IUG) is a basic feature of a healthy pregnancy. Abnormal foetal
growth has been associated with adulthood diseases, such as cardiovascular disease, diabetes

mellitus, and obesity (36, 37).

In the first trimester the development of foetus is mainly organogenesis, and the embryo
obtains its nutritional supply from the yolk sac up to late in the first trimester when the
placental circulation becomes established (38). The foetus’ demand for nutrients and oxygen,

which are provided by the placenta, increases during the second and third trimesters.

Foetal growth is influenced by genetic, environmental, sociologic, anatomic, biochemical, and
physiologic factors (39). Additional influences include maternal dietary intake of
macronutrients and micronutrients, exercise, ethnicity, parity, height and weight, smoking,
alcohol abuse, and spacing of pregnancies, as well as paternal height (39). A multicentre study
by the WHO and other studies also identified maternal age and height, maternal weight,
parity, and foetal sex as factors influencing foetal growth (1). In a study based on serial
ultrasounds conducted in an urban Congolese setting, maternal nutritional factors such as low

weight during pregnancy were found to contribute to lower foetal weight (40).

There are increasing influences from many of these factors during pregnancy and they
contribute to the wide normal variation in foetal size at birth. This variation is well
demonstrated in the reference charts for foetal size and growth. The charts are helpful in

identifying intrauterine growth restriction (IUGR) and SGA (41).
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Foetal growth measurement

Foetal growth measurement is important for identifying abnormal foetal growth. In clinical
practice, the common methods used for foetal growth measurement include abdominal

palpation, symphysio-fundal height (SFH) measurements, and obstetric ultrasound.

Foetal growth in singleton low-risk pregnancies has routinely been assessed by using
abdominal palpation or SFH measurements. The assumption in these techniques is that the
distance (in centimetres) from symphysis pubis, which is a fixed point, to the uterine fundus,
which is a variable point, corresponds to the gestational age in weeks. To monitor foetal
growth during antenatal care, repeated measurements of SFH are used (42-44). Several
biomarkers for predicting [IUGR have also been proposed. These include biomarkers related to
endothelial function/oxidative stress, placental protein/hormone, and others such as serum
levels of vitamin D, urinary albumin: creatinine ratio, thyroid function tests, and metabolic
profiles. However, none of the biomarkers assessed so far can accurately predict [UGR (45).
Therefore, screening relies on routine measurement of uterine fundal height, complemented
by ultrasound measurement of foetal size in women with pregnancy complications or with a
relevant history or clinical evidence of foetal growth restriction (45). However, the sensitivity
of SFH in detecting SGA foetuses is highly variable (14-76%) and is reported to be low in
many studies (44, 46). Thus, the high false-negative rate of SGA identification by SFH needs

to be taken into consideration during its use.

When SFHs are low or stationary, pregnant mothers are usually referred for ultrasound
estimation of foetal size. Foetal growth assessment using ultrasound improves the detection of
TUG restrictions and helps to identify those foetuses under risky conditions during the
neonatal period (47). Obstetric ultrasound remains the most reliable and objective way for
estimating gestational age and monitoring foetal growth. However, in Ethiopia, as in most
low-resource areas, access to obstetric ultrasound remains poor. Strategies are needed to
improve access to ultrasounds such as training of health workers, educating the public on

importance of obstetric ultrasound, and improving access to basic equipment.

Foetal size in the first trimester is commonly determined by crown rump length. First
trimester foetal growth is associated with birth weight (48, 49). Calculation of estimated foetal
weight (EFW) by ultrasound is based on a combination of different biometry measurements

including femur length (FL), abdominal circumference (AC), head circumference (HC), and
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bipareital diameter (BPD). For calculation of EFW, one can use a variety of formulas such as
those of Hadlock, Combs, Mielke and Dudley (50, 51). The accuracy of EFW in prediction of
birth weight has been reported to have a mean absolute prediction error between 7.5% and

18.8% (52).

To assess foetal size and growth, appropriate reference ranges should be used (53). Although
cross-sectional reference ranges are appropriate for the assessment of foetal size at a given

gestational age, they are poorly suitable to assess growth. Growth is defined as change in size
over a period of time. The most appropriate tools for assessing foetal growth are longitudinal

reference ranges based on serial observations (41, 54).

Two recent multicentre studies that have been used to develop IUG standards are the WHO
Multicentre Growth Reference Study and the INTERGROWTH-21* project (1, 2). Other
“birth weight-for-gestational-age references” have been developed with large, mostly
population-based databases, and they provide birth weight percentiles by gestational week
(47, 55).

The WHO and INTERGROWTH-21% studies are examples of multicentre and multi-country
studies that assessed foetal growth using serial ultrasound measurements and established

standards that can be used as references for interpreting routine ultrasound measurements (1,

2).

Both of these studies were conducted on presumably healthy and well-nourished pregnant
women. The applicability of these foetal growth charts in a setting with different
socioeconomic background is problematic. For example, their utility in assessing the IUG
pattern in situations that are repeatedly affected by drought and food insecurity in areas such
as Ethiopia is unclear. Poor maternal nutrition could be an important contributor to [IUG
restriction and subsequent LBW (39). As IUGR is reportedly high in African countries, foetal

growth charts built on reliable data from the local population need to be developed.

Birth weight

A number of factors affect neonatal weight at birth. These include genetic, sex of the foetus,
ethnic origin, weight and height of the parents, maternal age, parity and maternal smoking

during pregnancy (56). Some of these factors, such as the sex of the foetus, can be considered
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as mainly ‘constitutional’ rather than ‘environmental’. They have a physiological effect on

birth weight, through effects on the intrinsic growth potential of the foetus (57).

Children born to mothers in lower socioeconomic groups have been reported to have are more
often LBW (58). A previous report from Ethiopia indicated that improvement in maternal
body mass index (BMI) was associated with improved birth size (59). Individual and social
factors including maternal age, lower education, marital status, parity, and pregnancy

complications were found to have effect on preterm birth and LBW (60).

Child growth

Childhood undernutrition is common in many countries (61, 62). Stunting (height- for- age
< 2 Z-scores) affects 164.8 million (22.7%) children globally, 148 million of whom live in
low- and middle-income countries (LMIC). Additionally, 8%, or 52 million children, are
wasted. Childhood undernutrition is well known to increase the risk of mortality and

morbidity (61, 62).

The timing and pattern of growth faltering in the first 2 years of life is well established.
Length for age Z-scores in LMIC declines soon after birth to a lowest point of -1.75 to <2 Z-
scores by 24 months of age, and little if any subsequent catch-up growth being evident up to 5
years of age (63). Previous studies have also found that the growth rate of children is adequate
in the first few months of life and growth retardation often starts after the age of three months

(64, 65).

Child linear growth is influenced by multifactorial and interrelated factors including
socioeconomic conditions, maternal adult factors, child factors and caregiving practices.
Numerous factors, including inappropriate breastfeeding and infant and young child feeding
practices, lack of adequate quality and amount of complementary foods, infections and other
environmental exposures are known to contribute to growth faltering in under-resourced

settings.

Based on several conceptual frameworks, Prado EL et al (66) developed a model of potential
influences on 18-month linear growth status (Figure 1). They give a theoretical framework for

determinants of linear child growth in different categories:
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i.  Maternal height may be related to the child’s genetic potential for adult height that can
be attained. In populations with a high prevalence of stunting, maternal height is also
partly a reflection of growth restriction experienced by the mother during early life.

ii.  Socioeconomic disparities and other environmental effects on child linear growth may
be mediated by maternal factors, caregiving practices, and child factors or may
directly affect linear growth.

iii.  Effects of maternal factors on child growth may be mediated by child factors and
caregiving practices or it may directly affect child growth.

iv.  Effects of infant feeding practices on child growth may be mediated by child factors or
caregiving practices may directly affect child growth.

v.  Effects of preterm birth or intrauterine growth restriction on later child linear growth
status may be mediated by postnatal child factors (appetite, illness, haemoglobin
(Hgb)/iron status, physical activity, stress) or may be direct effects.

vi.  Effects of child factors (appetite, illness, Hgb/iron status, physical activity, stress) on
child growth may be mediated by caregiving behaviour in response to these factors or

may be direct effects.
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Figure 1. A conceptual model for the determinants of linear child growth (adapted from Prado
EL et al framework 2019) (66)

Child growth measurement

The linear growth of a child is commonly assessed by cross sectional design using the length-
for-age (LAZ) score and longitudinally through assessing growth velocity (67). Both methods
use anthropometry measurements and compare the results against reference standards.
Growth velocity is used to quantify attained change in body mass and size of child at
particular time through measurements taken at two time points (68). The child growth rate
velocity through time indicates the rate of change in height between different times points
(growth velocity curve) obtained from length or height measurements. In this thesis, we used

the LAZ score to determine the status of child growth (69).
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Foetal growth and its relationship with birth weight and child growth

The time from conception up to 2 years of age, the first 1000 days of life span, is considered
the most important development phase of a child (63, 70). Studies linking birth weight and
childhood undernutrition (70-72), suggest that growth in the first 1,000 days is better viewed

as a continuum between the foetal period and infancy and early childhood.

Foetal growth has implications for birth outcome and child growth and development, and
might influence the long-term health of children (37). Birth weight is a result of a composite
interaction among genetic, maternoplacental and environmental factors (73-75). Normally
there is a wide normal biological variation in foetal weight and this variation increases during
the course of pregnancy (76). New-borns that are SGA have an increased risk of poor
outcomes relative to new-borns with a birth weight appropriate for their gestational age (77,
78). Notably, infants that are SGA have higher perinatal mortality (79, 80) and morbidity (81,
82).

A multitude of factors that happen during foetal period or after birth can affect the early years
of child growth and development. Early healthy child growth and development includes
physical, social, emotional, and cognitive domains of development. What happens to the child

in these early days can affect the child’s later development or growth (70, 83, 84).

Birth cohort studies from high-income countries have suggested that there is a continuity in

the growth between the foetal period and infancy and early childhood period (72, 85).

However, little is known about the influence of intrauterine foetal factors on childhood
growth in low-income countries. It is thus important to examine the effect of intrauterine

foetal growth on early childhood growth in low-income countries.
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Definitions

For monitoring of intrauterine foetal growth, its outcome and child growth, it is important to
understand what is meant by normal or abnormal growth. One of the indicators of abnormality
is an SGA, which is defined as EFW or birth weight below the 10" percentile of certain
reference at a given gestational age (47). Another indicator is LBW, which is defined by the
WHO as a birth weight <2500 g (up to and including 2499 g). WHO classifies weight <
1500g as very LBW (86). Preterm birth, defined as babies born alive before 37 weeks of

pregnancy, is another indicator of foetal outcome (87).

A growth trajectory is observed at each stage of development from embryo to foetus and may
indicate a need to evaluate for possible growth impairments. Anthropometric measurements
that might fall below 2 standard deviations (SDs) of the median include Z-score of the foetal
biometry, estimated foetal weight, sex-specific weight-for-age (underweight), height-for-age
(stunting), and weight-for-height (wasting) as compared to the WHO Child Growth Standards
median (88, 89).

Stunting refers to a child that is short for his/her age but not necessarily thin. It is known as
chronic malnutrition that carries long-term developmental risks (88). An underweight child
can be either thin or short for his/her age. This may reflect a combination of chronic and acute
malnutrition (89). In both cases, children are most likely to suffer from impaired development
and are more vulnerable to disease and illness. However, wasting refers to low weight-for-
height, where a child is thin for his/her height but not necessarily short. It is known as acute

malnutrition and carries an immediate increased risk of morbidity and mortality (89).

Knowledge gap in foetal growth monitoring and child linear growth

Accurate estimations of gestational age are essential for the correct interpretation of foetal
growth. They also facilitate proper scheduling of antenatal care and inform decision-making
at different stages of a pregnancy. In rural settings of countries such as Ethiopia, obtaining an
accurate estimation of gestational age is challenging as this is dependent on the date of the last
menstrual period. Accuracy of the last menstrual period is very low, as most of the women do

not remember the exact date (42).
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Foetal growth monitoring has been done using either abdominal palpation or SFH
measurements as a first-line screening tool. Even though this method is simple, inexpensive,
and easy to implement, it has potential to identify only extremes of foetal growth disorders
and is less accurate for detecting small-for-gestational age. The accuracy of abdominal
palpation remains low regardless of the risk profile of the pregnancy. Ultrasound biometric
measurements have better accuracy in monitoring foetal growth. There is no study done on
foetal growth monitoring using ultrasound in Ethiopian setting. There are several studies done
on factors that affect child growth. However, there was no study that examined the influence

of IUG on child linear growth in Ethiopia.

Evidence relating to the potential benefits of ANC on pregnancy outcomes has most often
come from cross-sectional or retrospective studies. In addition, scientific arguments on the
association between ANC and pregnancy outcomes remain unresolved. There is no
prospective study done to demonstrate the benefit of ANC on pregnancy outcomes in

Ethiopia.
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Health services in Ethiopia

Ethiopia: The country

Ethiopia is located in the Horn of Africa. The country shares boarders with Eritrea, Djibouti,
Somalia, Kenya, South Sudan, and Sudan. With about 115 million people (2020), Ethiopia is
the second most populous nation in Africa, after Nigeria. More than 80% of Ethiopians live in
rural areas while the majority (more than 70%) is still employed in the agricultural sector
(90). The country is home to various ethnicities, with diverse cultural background and more
than 80 different spoken languages. Ethiopia is experiencing a rapid population growth
(2.6%) and has a young age structure. The fertility rate in the country is high, with an average
of 4.6 births per woman (2.3 in urban areas and 5.2 in rural areas) and crude birth rate of 32

per 1000 in 2016. The average household size is 4.6 (91).

Ethiopia is administratively divided into twelve regional states and two city administrations.
Each of the regions is divided into zones and each zone into lower administrative units called
woredas, or districts. Each woreda is subdivided into the lowest administrative unit, called a
kebele. The two city administrations are also divided into sub city administrations and
woredas (92). According to a 2022 World Bank and Africa Development Bank Group report,
Ethiopia has been one of the fastest growing economies in the region. However, Ethiopia’s
real gross domestic product growth slowed down from 6.1% growth in 2020 to 5.6% in 2021,
due to the effects of civil conflict and the COVID-19 pandemic (93, 94). Despite its economic

growth, Ethiopia remains considered as one of the poorest countries in the world (90).

Access to a skilled birth attendant was been improving. Two decades ago, about 94% of
deliveries in the rural areas were conducted by traditional birth attendants. This was recently

reduced to 50% (8).
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Health service

Ethiopia’s health service is currently structured into a three-tier system: primary, secondary
and tertiary levels of care (Figure 2) (95). The primary level of care includes primary
hospitals, health centres (HCs) and health posts (HPs) while the secondary level includes a
general hospital serving 1-1.5 million people. The tertiary level health care includes a
specialized hospital that provide services for 3.5 to 5 million people. The HP is the first level
of Ethiopian health service delivery, and provides services at kebele level, each on average
covering 5000 people. Each HP is staffed by two Health Extension Workers (HEWSs). The
HPs are accountable to HCs and kebele administration (7, 96, 97). The Health Extension
Program (HEP) was introduced in 2003. Maternal, new-born and child health were one of the

focus areas when the HEP was initially designed (98).

Health Care Health care service coverage and

Tertiary health Specialized hospital (3.5 — 5 million people)
care level I

Secondary General hospital ((1 -1.5 million people)

health care

- f

Primary hospital (60-100, 000 people)

Primary health s 2
care level

Health centre (15-25,000 people)

Health post (5-10,000 people)

Figure 2: Ethiopia’s health care delivery system (adapted from the Federal Ministry of Health
Sector Transformation Plan, 2021(95)
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A community is linked to the primary health care system through health development army
(HDA), formed by members from the community. Organizing a functional HDA requires the
establishment of health development teams (HDTs), which involve up to 30 households
residing in the same neighbourhood. The HDT is further divided into smaller groups of six

members (households), commonly referred as “one-to-five” networks (6, 99) .

A health management information system of the organizations at each level from health post
to national level share their information, maintaining the structural linkages between these

bodies to facilitate information sharing between the parties operating within this structure (6).

Access to health services has improved due to the efforts undertaken during the
implementation period of HSTP-I. This included strengthening the primary health care
services and encouraging strong community engagement in building capacity. However,
weak linkages between HEP and primary health care units was observed, which resulted from
different factors such as high leadership turnover at all levels, and lack of integration across
service components along the continuum of care. Moreover, despite significant
improvements, mortality and morbidity from maternal and child health conditions, disparity in
service utilization and sub-optimal health care remains high (6). Currently the second Health
Sector Transformation Plan is developed and being implemented. It aims to expand access to
services and improve the provision of quality and equitable comprehensive health services at

all levels in the country (95).
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Rationale of the study

Children’s well-being is highly influenced by intrauterine foetal growth and adequate IUG is a
basic feature of a healthy pregnancy. Abnormal foetal growth has been associated with
adulthood diseases, such as cardiovascular disease, diabetes mellitus, and obesity (36, 37).
This thesis aims to asses three key issues in a rural and drought-affected population in
Ethiopia. It aims 1) to assess the pattern of intrauterine foetal growth, 2) to examine the
influence of intrauterine foetal growth on birth weight and child growth, 3) to assess the
compliance of ANC utilization with the national and the WHO guidelines, and its association

with adverse pregnancy outcomes.

Ultrasound imaging is an indispensable tool to determine foetal size and gestational age.
Foetal growth assessment using ultrasound improves detection of IUG restrictions and helps
identify those foetuses at risk of sickness during the neonatal period (47). Since the early
1980s, several ultrasound-based foetal weight references have been published (100). Most are
based on cross-sectional or retrospective studies (47, 101, 102), with only one observation for
each woman. Moreover, these references include foetal size only and thus provide limited
information about foetal growth. Prospective studies, in comparison, can confirm gestational
age and assess foetal growth via repeated measurements (103). Some earlier longitudinal
ultrasound studies were conducted using small sample sizes, and those with larger sample
sizes were performed on predominantly Caucasian populations (104). Evidence from some of
these studies shows that differences in foetal growth depend on racial category, sex, parity,

and maternal size (104).

Two recent multicentre studies that have been used to develop IUG standards are the WHO
Multicentre Growth Reference Study and the INTERGROWTH-21% project (1, 2). Other
“birth weight-for-gestational-age references” have been developed with large, mostly
population-based databases, and they provide birth weight percentiles by gestational week
(47, 55). The WHO study, which identifies differences in EFW between countries, finds that
maternal age, parity, height, and weight only partially explain the differences (1). Both the
WHO and INTERGROWTH-21* studies measure biometric growth, although
INTERGROWTH-21* does not present percentile data for EFW. The INTERGROWTH-21%
study estimates foetal weight during ultrasound using head circumference and abdominal

circumference, whereas the WHO study uses the Hadlock 3 algorithm to generate EFW using
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head circumference, abdominal circumference, and femoral length. Both standards can be

used as references for interpreting routine ultrasound measurements.

Because these studies were conducted on presumably healthy and well-nourished pregnant
women, the risk of adverse perinatal outcomes in areas such as Ethiopia, which is repeatedly
affected by drought and food insecurity, remains unclear. Poor maternal nutrition could be an
important contributor to IUG restriction and subsequent LBW (105, 106). Furthermore, the
WHO study recommends the establishment of population-specific foetal growth charts (1). As
IUGR is reportedly high in African countries (107), a foetal growth chart that reflects reliable
data from the local population needs to be developed. This thesis presents a foetal weight
chart based on EFW using serial ultrasound measurements to elucidate foetal growth patterns
in a drought-affected rural area of south-central Ethiopia and compares them with the

INTERGROWTH-21* and the WHO multicentre foetal growth reference standards (Paper I).

The time from conception up to 2 years of age, referred to as the first 1000 days of life,
includes the time of foetal growth, and is considered the most important developmental period
in a child’s life (63, 70). Early healthy child development includes physical, social, emotional,
and cognitive domains of development. Children during early years undergo rapid growth.
Child growth can be affected by a multitude of factors that happen during pregnancy or after
birth, and some of these may lead to childhood undernutrition (70, 83, 84). Studies suggest
that growth in the first 1000 days is better viewed as a continuum between the foetal period,
infancy and early childhood while others have found a link between birth weight and
childhood undernutrition (70-72). The evidence on the association between foetal growth and
childhood nutritional status is not sufficient as it based on only few birth cohort studies that
were done in developed countries (72, 85). We thus examined the influence of intrauterine
foetal growth on LAZ and weight-for-length Z-score (WLZ) in early childhood using a
prospective cohort data from 24 weeks of gestation up to 11-24 months of postnatal age in

drought affected rural Ethiopia (Paper II).

Ethiopia is implementing the WHO focused ANC model at all health facilities. FANC is a
goal-orientated approach to delivering ANC service four times during pregnancy. Women
with normal pregnancies need to have ANC visits at gestational ages between 8 and 12 weeks,
24 and 26 weeks, 32 weeks, and between 36 and 38 weeks. Women with high-risk
pregnancies and those who develop pregnancy complications are required to have more ANC

visits (18, 21). Several studies have examined the usefulness of ANC on the uptake of safe
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delivery care and the reduction of maternal and infant mortality (108, 109). Studies from
several countries have found that poor ANC attendance is an important risk factor for adverse
pregnancy outcomes (110, 111). As the number of ANC visits decreases, there is an increase
in the risk of preterm birth and stillbirth (112-115). Women who had no ANC follow-up and
those who had fewer than 4 ANC visits during pregnancy were also found to have a low birth
weight (LBW) baby (113, 116, 117).

Although the above studies report potential benefits of ANC on pregnancy outcomes, they
possess several limitations. They were most often cross-sectional or retrospective studies or
reports not published in peer-review journals. Covariates, such as wealth status, that may
affect the outcome were not included in the analysis of these studies. In addition, scientific
arguments on the association between ANC and pregnancy outcomes are continuing and are
unresolved. For instance, a review article on randomized trials and meta-analysis did not find

any relationship between ANC follow-up and preterm birth (118-121).

Thus, this study addresses a need to assess the compliance of ANC utilization with national
and WHO guidelines in rural south-central Ethiopia setting. In addition, we assessed if
adverse pregnancy outcomes, including intrauterine foetal death, stillbirth, low birth weight

and preterm birth, were associated with higher use of antenatal services (Paper III).
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Objectives

General objective

The overall objective of the thesis was to examine intrauterine and child growth in rural area

in the context of Ethiopian health system.

Specific objectives

I.  To assess intrauterine foetal growth patterns in a rural and drought-affected population
in Ethiopia (Paper I);
II.  To examine the influence of intrauterine foetal growth on birth weight and childhood
linear growth in Ethiopia (Paper II);
III.  To assess the compliance of antenatal care utilization with the national and the WHO
guidelines and to examine the association of antenatal care utilization with adverse

pregnancy outcomes (Paper III).
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Methods

Study area and settings

Papers in this thesis used studies conducted in the Adami Tullu part of the Adami Tullu and
Jiddo Kombolcha woreda or district (hereafter referred to as Adami Tullu district) in the East
Shewa Zone of the Oromia Regional State in Ethiopia (Figure 3). Woreda is the third-level
local administrative division in the country, and each woreda is further subdivided into
several kebeles, or groups of neighbourhood villages. A kebele is the smallest unit of local
government and each has a population size of approximately 3000 to 5000 people. Each
kebele is further subdivided into gares, or neighbourhood villages (or clusters). There are 48
kebeles in the district, with 24 of them located in the Adami Tullu part. The district is located
in the Great Rift Valley in south-central Ethiopia, with altitudes ranging from 1500 m to 2300
m. The capital of the district is Batu (or Zeway), which is located approximately 160 km
south of Addis Ababa. Batu is located along the highway connecting Addis Ababa to Nairobi
via Hawassa. The town has a latitude of 7°56'N and a longitude of 38°E and its average

maximum temperature ranged from 27 C° in 2014, and 29 C° in 2015 (122).

Adami Tullu, our study area, is one of the areas in Ethiopia affected by repeated droughts and
food shortage. In 2015 and early 2016, the population in the area encountered severe drought
that was triggered by El Nino (123) and thus the communities were receiving food aid.
Moreover, a non-governmental organization was screening and treating children and pregnant

women with acute malnutrition (124).

According to the 2007 National Census , the projected population of Adami Tullu was
approximately 177 390 people in 2015 (91). The study was undertaken as part of a large
community-based cluster randomized controlled trial conducted to evaluate the effect of
combined use of long lasting insecticidal nets (LLINs) and indoor residual spraying (IRS) on
the incidence of malaria (3, 125). All women of reproductive age (15-49 years) permanently
residing in the study area and living in the households included in the malaria trial were used

as a source population for the current foetal and postnatal growth study.

The main ethnic group in this area is the Oromo, and the predominant religion is Muslim. The

majority of the population lives in rural areas in houses constructed with mud or cement walls
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and thatched or iron roofs. Local residents primarily depend on farming, livestock rearing,

and to a lesser extent on fishing in Lake Zeway for their subsistence.

Culturally, the people in Oromia region and Adami Tullu district are governed by the Gadaa
system. This system is an indigenous democratic socio-political system of the Oromoo. The
Gadaa system incorporates pivotal institutions to safeguard women’s rights (126, 127). Some
of these institutions are motherhood related rituals. Among these are services or ceremonies
held for women in their last months of pregnancy and during postnatal period (126). The
ceremonies are performed at the home of the pregnant woman or at the pregnant woman
parent’s home. The ceremonies made for women in their last months of pregnancy is called
Faatimaayyee while those relating to the postnatal period are called Shanan and Afurtamii

Shanan. The names may vary from one area to another.

Faatimaayyee is a ritual of praying for pregnant women to deliver her child safely. The
praying is often performed during the last trimester of the pregnancy (usually after seventh
months of pregnancy) up to the time baby is born safely. The praying is performed at the

home of the pregnant woman or at the pregnant woman’s parents’ home (126).

Shanan and Afurtamii Shanan are ceremonies performed on the fifth and forty-fifth days after
child is born. Shanan is also known by the names Bullugaa, Nafa Dhiqaa. Askutii or Ulumaa.
Women perform the Shanan ceremony on the fifth day after a child is born. The Afurtamii
Shanan ceremony relates to the postpartum mother. Afurtamii Shanan symbolizes the
celebration performed at the end of postpartum period on forty-fifth day after child birth.
During this time, the mother gets special care, nutrition, protection and privilege. This special

period usually extends to six months postpartum (126).
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Oromia Regional State

Ethiopia

__\ Lake Zeway

Coordinates for households in Adami Tullu District

Figure 3. Map of Adami Tullu district in Oromia Regional State in south-central Ethiopia. Re-

print under a CCBY license, with permission from Deressa et al Trials (2016).
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Study design and data collection

We conducted a prospective cohort study in the rural community of Adami Tullu district from
July 2016 to November 2018. We enrolled 727 pregnant women living in the study district’s
villages or in the clusters of the previously mentioned malaria trials study. Of these, 23
women left the study area and thus the thesis is based on 704 pregnant women who were
followed until delivery. For assessment of intrauterine growth pattern, we included 675
women with singleton pregnancy and with a gestational age (GA) of less than 24 weeks
(Paper I). We included 554 children with complete data for the evaluation of the influence of
intrauterine factors on child linear growth (Paper II). A descriptive cross-sectional study
design was used in Paper III. We included 704 pregnant women for the assessment of ANC
compliance and its association with adverse pregnancy outcomes.

We used a predetermined approach to select the study populations. Pregnant women were
identified by trained data collectors, who went house to house to identify women of
reproductive age (15—49 years). The data collectors used a WHO checklist to determine with
reasonable certainty that a woman was not pregnant (128). For those women who were
suspected to be pregnant, an ultrasound scan was performed to verify the pregnancy and
estimate gestational age. We included all pregnant women with a gestational age of less than
24 weeks in the study and followed them through delivery and until the age of 24 months
(Figure 4).
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1,054 women assessed for eligibility

327 non-eligible

727 women recruited

23 left study area

704 included

11 Spontaneous abortions

2 Intrauterine foetal deaths

4 Congenital abnormalities
(pregnancy terminated)

3 Stillbirths

2022

TUAUNINIOY

12 Multiple pregnancies

42 Deliveries in temporarily relocated
locations with unknown gestational
age and birth weight

630 Singleton deliveries

610 Known gestational age and birth weight
16 Known gestational age, temporarily relocated
4 Known gestational age, birth weight not taken in 72 hrs

/

48 Low birth weight
41 Term
7 Preterm
31 Preterm birth
24 Normal birth weight
7 Low birth weight

551 Singleton deliveries

SOW00INQ)

Figure 4. Flowchart of study participants included in the recruitment and outcomes of the

study.
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Instruments and data collection

Interviews

An interview administered pre-tested structured questionnaire was used to collect data. The
questionnaire had four sections. The first section contained questions on the mother’s
sociodemographic and economic characteristics, ownership of fixed assets and household
members. The second section covered past and present obstetric history and gestational age
and expected date of delivery estimation by ultrasound. The third section covered the status of
the pregnancy and ultrasound examinations including maternal anthropometry, blood
pressure, and haemoglobin and malaria testing during the follow up periods. The fourth
section covered child linear growth assessment. The questionnaire for sociodemographic and
economic characteristics were adapted from the EDHS questions (8, 11). The second to fourth

sections of the questions were developed by reviewing related literature (1, 2, 66).

The questionnaires used for data collection were developed in English and translated into the
local Afan Oromo language. The questionnaires were pretested on 30 pregnant mothers before
the actual data collection began and any necessary amendments to improve the clarity of the

questions was done accordingly (questionnaire appendix).

Thirteen nurses were trained in data collection and they were provided a skill- based training
on how to take maternal and new-born, and child anthropometric measurements. These nurses
were assigned to each health post or to especially established stations in each kebele and were

responsible for collecting the data.

Antenatal care service utilization

We interviewed each pregnant woman at each visit to determine if she had been attending
antenatal care or not. In those who were having antenatal care visit we asked for the number
of antenatal visits she had attended, place of the antenatal care attendance, iron and folic acid
supplementation (IFAS) received there, and duration of IFAS. Information on the status of

pregnancy, and birth outcome were collected during pregnancy and at delivery.
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Measurement

Ultrasound measurements

At enrolment, gestational age was calculated based on ultrasound measurement of biometric
parameters using multiple parameter formula of Hadlock et al. using the biparietal Diameter
(BPD), head circumference (HC), abdominal circumference (AC), and femur length (FL)
measurements for pregnancies more than 13 weeks and 4 days (51, 129). Pregnancy
assessments were performed at each visit: 26 weeks of gestation (£2 weeks), 30 weeks of
gestation (+2 weeks), and 36 weeks of gestation (+2 weeks). All ultrasound examinations and
sonographic measurements were done by the primary author using standardized procedures
according to Hadlock’s criteria (51, 129) after being trained. The quality and accuracy of
measurements were validated by a senior obstetrician at Addis Ababa University. Foetal
biometric measurements taken during ultrasound assessment were BPD, HC, AC and FL.
Estimated foetal weight was calculated using Hadlock’s formula (51). All serial ultrasound
examinations and foetal biometric measurements were performed for all pregnant woman
with a portable Sonosite M-Turbo diagnostic imaging and a full colour flow mapping

ultrasound machine (FUJIFILM SonoSite, Inc, USA) using standard technique (130).

Birth weight

Birth weight of new-born were taken and recorded by trained nurses within 72 hours of
delivery. The nurses followed each of the pregnant women and visited her regularly until she
gave birth. In addition, they notified the nurses on phone in case the woman gave birth at
night. Birth weight was measured using a digital infant weighing scale (Beurer Digital Baby
Scale).

Anthropometric measurements post-delivery

Weights and lengths of children were taken at 11-24 months of post-delivery. Length of
children were measured in supine position (recumbent length) since they were younger than
24 months of age. A standard wooden board was used to measure length of children to the
nearest | mm. All weight measurements of children were taken using a digital weighing scale
(Coline) to the nearest 100 gram. The age of the children (in months) was calculated from the

day anthropometric measurements were taken and the recorded date of delivery.
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Figure 5 summarizes the data collection timeline and variables used in this study.
Sociodemographic characteristics and anthropometry of women and gestational age
estimation with estimated date of delivery were performed at enrolment. In subsequent visits,
biometric and estimated foetal weight measurements were done using ultrasound. In addition,
data on antenatal care service utilization was collected at each visit. At delivery we recorded
date of delivery, birth weight and sex of child. Weight and length of children were collected

during postnatal period.
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The overview of the main outcome and exposure variables considered in this thesis are
presented in Tablel and Table 2 with their respective definitions.
Table 1. Definitions of outcome variables used in this thesis
Variable Definition/measurement Paper
Foetal growth Foetal growth was developed using multiple Tand I
foetal biometric parameters measured using
parameter formula of Hadlock et al from 24 to 38
weeks of gestation
Preterm Babies born alive before 37 weeks of pregnancy | [and III
that was calculated (in months) from the
estimated date of delivery by ultrasound and the
recorded date of birth.
Low birth weight New-borns weighing less than 2500g at birth I and III
measured using digital baby weighing scale
(Coline) within 72 hours of delivery.
Birth weight Weight of a new-born baby taken within 72 hours
of delivery.
Length-for-age Z-score A child with a length-for-age Z-score of less than | II
(Stunting) 2SD (Standard deviation) of the WHO 2006
median growth reference was considered as
stunted
Weight-for-age Z-score A child with a weight-for-length Z-score of less I
(Wasting) than 2SDof the WHO 2006 median growth
reference was considered as wasted.
Compliance of Antenatal ANC use was categorized as “yes” or “no”; “yes” | III
care utilization if the woman attended ANC and “no” if she did
not attend ANC.
Intrauterine foetal death A foetus with no signs of life in utero on
ultrasound examination
Stillbirth A baby born with no signs of life, such as beating
of the heart, pulsation of the umbilical cord, or
definite movement of voluntary muscles
Adverse pregnancy outcome | Adverse pregnancy outcome was categorized as I
“yes” or “no”; “yes” if there were any of the
adverse pregnancy outcomes; low birth weight,
preterm birth, intrauterine foetal death or stillbirth
present, and “no” if none of them were present.
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Table 2. Definitions of exposure variables used in this thesis

Variable Level Definition Paper

Foetal growth Individual | Foetal growth was developed using multiple | II
foetal biometric parameters measured using
parameter formula of Hadlock et al from 24
to 38 weeks of gestation

Preterm Individual | Babies born alive before 37 weeks of I
pregnancy that was calculated (in weeks)
from the estimated date of delivery
calculated using ultrasound and the recorded
date of delivery.

Low birth weight Individual | New-born weighing less than 2,500 g 1
measured using digital baby weighing scale
(Coline) within 72 hours of delivery.

Birth weight Individual | Eight of a new-born baby taken within 72 I
hours of delivery
Wealth index Household | Wealth index was constructed using I, 11, 11T

principal component analysis from
household assets-related variables. The
households were then ranked into three
categories; poor, medium and rich.

Educational Individual | Assessed from the question that asked 111
status attending education and if attended the
highest education level attained by mother.
Then, it was classified as not attended formal
education, read and write, primary and
secondary.

Haemoglobin Individual | A mother was considered anaemic if the Hgb | LIT and
concentration was less than 11 g/dl where

Hgb concentration was assessed using 1
HemoCue HB 301.
Family size Household | Number of family members living in the II

household

Data analysis and statistics

Data were entered and cleaned using SPSS version 24 (SPSS Inc., Chicago, IL, USA) and
analysed using Stata software version 15 (Stata Corp., College Station, TX, USA). A

descriptive analysis was performed.
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Wealth index

A relative household wealth index was constructed using principal component analysis (PCA)
(131). Fourteen household assets were used to calculate wealth: presence of electricity,
ownership of a radio, mobile telephone, chair, table, bed, bicycle, land, separate kitchen from
living area, ownership of animals or animal carts, types of roof and walls, and presence of
potable drinking water. A relative socioeconomic status was then constructed by grouping

household wealth into three to define poor, middle, and rich (Paper I, II, III).
Intrauterine growth pattern analysis

Reference curves were estimated based on centiles for individual BPD, HC, AC, and FL
biometric parameters. EFW was derived at each gestational age from 24 to 38 weeks. The
reference curve was fitted using centiles for reference models and the 5%, 10", 25%, 50t 75%
90'™, and 95" centiles. The proportion of foetuses in the cohort that were small for gestational
age was evaluated for weights that fell below the 10™ percentile for specific gestational age
and the overall study population (106). The three-round Z-scores and percentiles of biometric
measurements and EFW were calculated and fitted to INTERGROWTH-21*' International
Standards for Foetal Growth application software (2) (Paper I).

We categorized the measurements taken from 24 to 38 weeks of pregnancy into 3 periods.
Period 1 covered 24 to 28 +6 days, period 2 from 29 to 32+ 6 days, and period 3 from 33 to
38 weeks of gestation. The association of the three-round Z-scores of estimated foetal weight
and foetal biometric measurements on birth weight and child linear growth were considered
separately. The Z-scores and percentiles of biometric measurements and EFW were calculated

and fitted to INTERGROWTH-21*" International Standards for Foetal Growth (132).
Small for gestational age

We calculated 5%, 10, 25, 50t 75" 90" and 95 centiles of estimated foetal weight for

gestational age and fitted for reference models.

Adverse pregnancy outcomes
Adverse pregnancy outcome, a composite variable, was computed as the sum of low birth

weight, preterm birth, intrauterine foetal death and stillbirth.

Meselech Assegid Roro PhD Thesis 32



Intrauterine foetal growth and child linear growth in Ethiopia 2022

ANC service utilization

The extent of ANC content received, timing of the ANC(s), location of the ANC(s), and location
and mode of delivery were computed according to the WHO and national guidelines. ANC
service utilization was categorized as “yes or no”. Being “yes” if the woman attended ANC and
“no” if she did not attend ANC during her current pregnancy. We compared the actual use of
ANC with the national and WHO guidelines.

Exposure and outcome association assessment

We measured the influence or association between intrauterine growth and birth weight and
growth among children 11 to 24 months of age employing a multilevel model that accounts
for clustering due to repeated measures of an individual child at multiple times (136). We
checked for the presence of clustering before fitting a multilevel model in the following steps:
First, a null single level (standard) regression model, and then a null multilevel model with the
random individual effect were fitted. Thus, to account for the clustering, a multilevel model
was fitted to estimate the unadjusted and adjusted coefficient () with a 95% confidence
interval (CI)). Finally, bivariate and multivariate multilevel mixed effect regression analysis

was carried out and beta was reported (Paper II).

Univariate logistic regression analyses was run to examine the association between antenatal
care service utilization with adverse pregnancy outcome. Crude odds ratio with 95%

confidence interval (CI) was calculated (Paper III).
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Table 3 summarizes the main statistical methods we used in this thesis. Descriptive and
principal component analysis were used in the three papers. In addition, in Paper II, a
multilevel mixed effect linear regression analysis was used while a logistic regression analysis

was used in Paper III.

Table 3. The main statistical analysis used in the papers of the thesis

Statistical methods Papers

Principal component analysis (PCA) Paper L, II and III
Descriptive analysis Paper I, 1T and 111
Multilevel mixed effect linear regression Paper 11

Binary logistic regression Paper 111

INTERGROWTH-21* International standards for Foetal | Paper I and Paper II
weight and foetal biometry Z-scores

WHO. AnthroPlus (Z-scores) Paper 11

Ethical considerations

The study received ethical approval from the Institutional Review Board of the College of
Health Sciences, Addis Ababa University, in June 2015 (ref.;005/15/SPH) and from the
Regional Committee for Medical and Health Research Ethics, Western Norway (ref:
2013/986/REK Vest). Written permission to perform this study was obtained from the Oromia
Regional Health Bureau and the relevant provincial and local authorities in the district.
Informed written consent was obtained from each participant. Pregnant women who had
indication(s) for treatment were referred to a nearby hospital. Before any anthropometric
measurements were taken, we obtained informed parental assent for the children, and all

procedures were conducted based on voluntary participation.
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Results

Paper I: Intrauterine growth patterns in rural Ethiopia compared with WHO and

INTERGROWTH-21*% growth standards: A community-based longitudinal study

Introduction

Children’s well-being is highly influenced by their foetal growth. Adequate intrauterine
growth (IUG) is a basic feature of a healthy pregnancy. The aim of our study was to assess
IUG patterns in a rural and drought-affected population in the Rift Valley area of the Adami

Tullu district in Oromia, Ethiopia.
Methods

We conducted a longitudinal, community-based study of IUG patterns utilizing serial ultra-
sound measurements. Data were collected for 17 months, from July 2016 to November 2017.
We included 675 singleton foetuses < 24 weeks old, based on ultrasound-derived estimates of
gestational age, and followed them until delivery. We obtained head circumference, biparietal
diameter, abdominal circumference, femur length, and estimated foetal weight at 26, 30, and
36 weeks. Foetal weight was estimated using the Hadlock algorithm, and the 5th, 10th, 25th,
50th, 75th, 90th, and 95th centiles were developed from this model. We compared the
biometric measurements and foetal weight data from our study to the World Health

Organization (WHO) and INTERGROWTH-21st foetal growth reference standards.
Results

Distribution of the biometric measurements and estimated foetal weights in our study were
similar to those for the WHO and INTERGROWTH-21st references. Most measurements
were between -2 and +2 of the reference Z-scores. Based on the smoothed percentiles, the Sth,
50th, and 95th percentiles of our study had similar distribution patterns to the WHO chart, and
the 50th percentile had a similar pattern to the INTERGROWTH-21st chart.

Conclusions

Our study determined foetal growth patterns in a drought-affected rural community of
Ethiopia using common ultrasound biometric measurements. We found similar IUG patterns

to those indicated in the WHO and INTERGROWTH-21st foetal growth reference standards.
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Paper II: Influence of intrauterine factors on birth weight and child linear growth: a

prospective cohort study

Introduction

Little is known about the influence of intrauterine foetal factors on childhood growth in low-
income countries. The objective of this study was to examine the influence of intrauterine

foetal growth on child linear growth in rural Ethiopia.
Methods

We conducted a prospective community-based cohort study from July 2016 to October 2018.
All pregnant women with gestational age of 24 weeks or below living in 13 kebeles, in central
Ethiopia were enrolled. The foetuses were followed from pregnancy up to 11-24 months after
birth. We measured biparietal diameter, head circumference, femoral length, and abdominal
circumference at 26, 30 and 36 weeks of pregnancy. At birth, we measured infant weight. At
11-24 months of age, Z-scores of length-for-age, and weight-for-length were calculated. A
multilevel, mixed-effect, linear regression model was used to examine the influence of foetal,

newborn, maternal, household factors, and residence area on child linear growth.
Results

We included 554 children. The prevalence rate of stunting was 54.3% and that of wasting was
10.6%. Foetal biparietal diameter, head circumference, and abdominal circumference, were
significantly associated with birth weight. Femoral length Z-score in early pregnancy,
gestational age at delivery, and child age were significantly associated with length-for-age Z-
score. Family size was significantly associated with length-for-age Z-score. Family size and
maternal height were associated with weight-for-height Z-score. There was a larger variation
in the length-for-age Z-scores (Intra cluster correlation, or rho (rho) = 0.30) and weight-for-
length Z-scores (tho = 0.22) than in the birth weight of the newborns (tho = 0.11) in the
kebeles indicating more heterogeneity in the clusters for length-for-age Z-score and weight-

for-length Z-score than for birth weight.

Conclusions
Child linear growth was influenced by foetal growth, duration of pregnancy, maternal height,
and family size. Environmental factors that are associated with the area of residence play a

bigger role for linear growth than for birth weight.
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Paper III: Antenatal care utilization and compliance with national and WHO guidelines in

rural Ethiopia: a cohort study

Background

Antenatal health care utilization has the potential to influence maternal and newborn health.
In this study, we assessed compliance of antenatal health care utilization with national and
World Health Organization (WHO) guidelines. We also examined the association of antenatal

health care utilization with adverse pregnancy outcomes as secondary outcome.

Methods

This was a community-based cross-sectional study conducted from July 2016 to November
2017 in rural south-central Ethiopia. We described the antenatal care received by pregnant
women, whom we followed at three prescheduled visits during pregnancy and collected birth
data at time of delivery. The extent of the antenatal care content received, the timing of
antenatal care, the location of the antenatal care, and the location and mode of delivery were
obtained and computed according to national and WHO guidelines. For adverse pregnancy
outcomes, computed as the sum of low birth weight, preterm birth, intrauterine foetal death,

and stillbirth, the exposure variable used was antenatal care utilization.

Results

Seven hundred and four (704) women participated in the study, and 536 (76.1%) had attended
at least one antenatal care visit. Among the women who attended an antenatal care visit, the
majority, 421 (79.3%), had done so at health centres and hospitals, while 110 (20.7%)
attended at a health post. The average number of antenatal care visits was 2.5, which is less
than the number recommended in the national and WHO guidelines. Only 18 (2.6%) women
had attended antenatal care in their first trimester, which is much lower than the expected
100% specified in the guidelines. Less than half (47%) of the women delivered in a health
facility. This is in contrast to the 100% expected health institution deliveries. Low birth
weight was a factor in 7.9% (n=48) of the births, and there were 4.9% (n=31) preterm births.
There were 12 twin pregnancies, three stillbirths, 11 spontaneous abortions, and two
intrauterine foetal deaths. We did not find any significant association between adverse

pregnancy outcomes and antenatal care utilization (COR = 1.07, 95% CI 0.62, 1.86).

Conclusion
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This study showed that antenatal care service utilization in the study area was markedly lower
than that recommended in national and WHO guidelines. The level of antenatal health care

utilization was not associated with the registered adverse pregnancy outcomes.

Additional analysis

To check if our sample size was adequate, we calculated the power for the variables of
interest (Table 4). The power for wealth status was adequate. The power for the other
variables was low. This may indicate that the lack of association for most variables might be

due to low statistical power of the variables.

The table presented results of power calculated for non-significant independent variables used

in the determination of the effect of intrauterine factors on child linear growth (Paper II).

Table 4. Power calculated for non-significant independent variables

Variable Outcome Power
(Stunting)
Yes No
Wealth status Lower level 106 69 82.14%
Upper level 193 182
Parity Null Para 105 99 11.8%
Multipara 196 154
Maternal age <=24yrs 142 125 11.7%
>=25 yrs 159 127
Maternal No formal education | 158 131 8.1%
education Formal education 140 119
Maternal Housewife 285 238 7.3%
occupation Others 16 15
Maternal height <= 150cm 43 39 23.9%
> 150cm 255 210
Child Sex Male 179 145 9.1%
Female 122 180

Meselech Assegid Roro PhD Thesis 38



Intrauterine foetal growth and child linear growth in Ethiopia 2022
Discussion

This section deals with a discussion of the methodologies that we used in this study followed

by discussion of main findings included in this thesis.

Methodological discussion

Study design

We used a prospective cohort study design and followed eligible pregnant women in the study
area until delivery to assess the foetal growth (Paper I) and subsequently the growth of their
children until the age of 11-24 months (Paper II). Cross-sectional study design was also used
in Paper III. Antenatal care utilization during pregnancy was also examined for those enrolled
mothers to assess compliance with national and WHO guidelines and any possible association

with adverse pregnancy outcomes registered during the study period (Paper III).

A cohort study is useful in establishing temporal relationship between exposure and outcome
variable and less susceptibility to bias compared to other observational studies such as case-
control, cross-sectional and ecological studies (137, 138). The advantages of a prospective

study design are exploited in our study.

One of the limitations of a prospective cohort study design is that it takes a long time to enrol
participants and is prone to loss to follow up. For example, in this thesis (Paper I and Paper
I1I), we had a 3.2% loss to follow up. The reason for low loss to follow up is mainly due to
the fact that most pregnant women appreciated the additional ultrasound examinations during

their pregnancy and that motivated them to attend the subsequent follow ups.

However, we reported 9.1% loss to follow up in Paper II. This figure is relatively higher
compared to the proportion of loss to follow up in Paper I and III (139). To address this and
minimize error, we performed a sensitivity analysis and we found no significant difference in
the baseline characteristics of those who were lost to follow-up and those who were included
in the final analysis (Paper I).

We also used a descriptive cross-sectional study design in Paper III. We recorded ANC use at
each visit. We documented adverse pregnancy outcomes during follow up visits (intrauterine

foetal death) and at delivery (still birth, preterm). Among the limitations of a cross-sectional
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study is its decreased ability to show causality. This is because direct evidence for the time

sequence of events cannot be demonstrated by a cross sectional study (140).

Internal validity

The aim of epidemiologic studies is to obtain valid (precise and accurate) results and minimal
errors. However, epidemiologic studies often appear to be affected by random errors (chance)
that affect precision, as well as systematic errors (bias and confounding) that affect accuracy.
Internal validity refers to the extent to which the results of an observation are true for the
subjects being studied (140, 141), or the degree to which a study is free from bias (142). This
implies a validity of inference to the source population, and is considered as a prerequisite for

external validity (143).

There are three main types of systematic errors that influence internal validity. These include
selection bias (biased sampling), information bias (biased measurements), and confounding

(false inferences on associations).
Selection bias

Selection bias is a systematic error that could be introduced due to a problem in the study
design, where participants are differentially enrolled into the study (144, 145). It may occur if
the effects on the dependent variable can be modified by differences between the study
population and those not included in the study, but who were theoretically eligible for the
study. This is a bias that arises from the procedures used to select study subjects (143) or the
absence of comparability among the studied groups, and can occur from loss to follow-up,

refusal, nonresponse or an agreement to participate in the study (145).

Another form of selection bias is volunteer bias (self-selection bias) occurs when individuals
who volunteer to participate in the study differ in relevant characteristics from those who do
not (145). In this thesis, the possibility of volunteer participation was less likely as we used
set criteria to recruit the study participants. For example, specific gestational age of pregnancy

that was measured by ultrasound was used for inclusion criteria.
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The response rate in our study was large as our study enrolled all eligible pregnant women
residing within the selected kebeles. The presence of ultrasound examinations at the
community level could have motivated the study participants involved to complete the study.
Thus, the results of the papers included in this thesis were minimally affected by a non-

response bias.

Selection bias could result from a loss to follow-up, and this is common in cohort studies. The
study subject participants no longer wants to participate in the study or can no longer be
located (138). The loss to follow-up can be differential when the loss is more or less likely to
occur among exposed participants who develop the outcome than among unexposed
participants who develop the outcome. It can be non-differential when the loss of a person

with an outcome happens unequally among those exposed and unexposed (138, 143).

In Paper I the loss to follow-up in our study was small (3.2%). We tried to minimize loss to
follow up by including all permanent residents who intended to stay in the study area
throughout the study period. In addition, we undertook a sensitivity analysis and we found no
significant difference (P > 0.05 for age, height, occupation and wealth status) in the baseline
characteristics of those who were lost to follow-up and those who were included in the final

analysis.

In Paper 11, selection bias could have been introduced because of a sizable number (9.1%) of
children lost to follow-up (4.0 % could not be located, and 4.2% left the study area). In this
case we expected that loss to follow-up is by chance (missing completely at random) and its

effect on the results of the study might be minimal.

Moreover, we found a higher male to female proportion in our study compared to a previous
study in the same area (146). The male dominance in our study is an unexpected finding and
is probably due to a selection bias which we are unable to explain adequately. However, this
may not have affected our analysis on linear growth as we have adjusted for sex distribution

in the multivariate analysis.
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Information bias

Information bias is a systematic error in epidemiologic studies, in which differential
measurements of exposures or outcomes are made between groups. It can occur when
different sources or methods are used for data collection or variables are classified in a non-
standardized way. It is a systematic bias that could arise during measuring the exposure or

outcome variables (228).

In Papers I, II and III, the census and data on repeated visits were collected using interviewer

administered structured questionnaires that were validated in earlier studies (1, 2, 11).

We tried to minimize information bias during the interviews by training the data collectors,

pre-testing the questionnaires and supervising the data collectors.

In this thesis, information bias could occur during measuring height and MUAC of mothers,
birth weight and length and weight of the children. We attempted to minimize this
measurement error by standardizing the instruments and through close supervision. We also
conducted standardization exercises and calculated intra- and inter-technical measurement
errors for anthropometry, and repeated training was given until the error reached the
recommended cut-off points (Paper I and II). In addition, birth weight was measured within
72 hours of delivery to minimize variations related with physiological changes that occur
after72 hours (147). However, we were not able to measure birth weight for about 9.4% (n =
65) of the sample size. The reason may be because some women left the area and went to their
parent’s home for the ceremonies that are held in their last months of pregnancy and during
postnatal period; see the description about the context of this thesis (126). This could also
potentially introduce selection bias in our study as those births with no measurements could

be different from those we had measurements.

Measurement error could also occur during taking biometric measurements using ultrasound.
One source of error could be from the ultrasound machine. The acceptable difference in linear
and circumference measurements or EFW results is 1% (148). We do not expect this to be a
source of significant systematic error as the equipment was calibrated and intensive training

was provided to measurers at the start of the study.

We attempted to minimize this measurement error, inter -and intra-observer variation, by

validating biometric measurements (see Paper I). Measurement of serial biometry using
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ultrasound by one person could minimize inter observer reliability bias. Standardized methods
were used in the ultrasound measurements and clearly defined cut offs are used for the
outcome variables. In the study area, we measured ANC coverage and not the quality of ANC
service. We also used the sum of adverse effects rather than every single adverse outcome.
This might be one reason for the lack of association between use of ANC and adverse

outcomes (Paper III).

Confounding and effect modification

Confounding is a variable that affects both the exposure and outcome variables, resulting

in a spurious association (149). Confounding can be controlled during the design or analysis
of the study. The methods of controlling confounding in the design phase include
randomization, restriction and matching. (138). We included all eligible pregnant women

residing in the study area in our study.

The other method of controlling confounding is restriction, as the admissibility criteria for
study subjects are limited for a variable that might be a confounder (143). We restricted
gestational age at inclusion to the study to less than 24 weeks of gestation to determine the
expected date of deliver (Paper I, 11, IIT). Ultrasound estimates of gestational age becomes less
accurate in later pregnancy after 24 weeks of gestation because of an increasing foetal size
and variability (150). We thus believe that the restriction of gestational age at enrolment does
not limit the generalizability of the findings. In addition, in Paper I we only included those
children who had all the measurements during foetal period, at birth and at the age of 11-24

months postnatal in the analysis.

The third control method for confounding is matching, which is the process of making a study
group and a comparison group comparable with respect to extraneous variables (138). We did

not use matching in our study.

In the analysis phase, confounding can be controlled using standardization, stratification, and
a multivariate analysis to adjust for a variable considered to be a confounder (143, 151). In
Paper I and II, we excluded the multiple pregnancies and congenital abnormalities known to
confound foetal growth, birth weight and child linear growth. We used multivariate analysis
to adjust for the effect of confounders. We conducted multilevel, mixed-effect, regression

analyses for different times using kebele as group identity and Random-effect parameters

Meselech Assegid Roro PhD Thesis 43



Intrauterine foetal growth and child linear growth in Ethiopia 2022

estimation to control effect of confounders. The effect of socio-demographic variables such as
maternal age, educational status and wealth status of the parent, and child sex and age were
adjusted to measure the association between foetal growth and birth weight and child linear
growth (Paper II). However, this does not prevent the possibility of residual confounding as
we did not adjust for dietary aspects, community sanitation, or asymptomatic infections that
may influence birth weight, child LAZ and WLZ. We estimated intra cluster correlation as the
ratio of the between kebele variance to the total variance in LAZ and WLZ. We found a large
variation in child LAZ and WLZ between villages (kebeles). This might explain some of the
difference in the dietary aspects, community sanitation, or asymptomatic infections between

the kebeles.

Effect modification is a factor in which the effect of exposure is stronger in some strata than
other. We found gestational age to be an effect modifier in the study of child linear growth.
We found that intrauterine foetal growth influences child linear growth at gestational age less
than 28 weeks as compared to later gestational age (Paper II). To control this effect, we used
multilevel, mixed-effect, regression analyses for three rounds of foetal biometry at 24-28

weeks, 29-33 weeks and 34-38 weeks of gestation.
Sample size and sampling

The importance of having an adequate sample size in a research study enables it to have
sufficient power to detect differences considered to be important. It also improves the
precision of any estimates made (152). If a study does not have adequate power, it is more
likely to report non-significant associations (type II errors). A type II error is defined as
statistically non-significant association between independent and outcome variables even

though there is an association (153).

We calculated sample size for this thesis with a power of 80%. We determined the sample
size based on birth weight, the primary outcome measure that aims to have an adequate
sample to detect a birth weight difference of 110 grams among rich and poor based on wealth
status and with previous estimates of standard deviation of birth weight being about 500g.
The calculated sample size was 716. This sample size was used for the consecutive papers in
this thesis. We also calculated post-hoc to evaluate whether we had an adequate sample size

for the consecutive papers and found that the sample size was adequate.
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We included 675 women having a singleton pregnancy with a gestational age (GA) of less
than 24 weeks, who were living in the 13 kebeles, study district’s villages (Paper I). For this
paper the loss to follow up was minimal and did not show any significant difference on the
sensitivity analysis done for the loss to follow up and the ones included in the study.

For evaluation of the influence of intrauterine factors on child linear growth (Paper II) we
included 554 children with complete data from pregnancy, birth and the postnatal period.
However, the loss to follow up rate was greater than we had anticipated, and this might have
introduced a type II error. The loss of samples due to this factor might have resulted in non-
significant associations between risk factors for birth outcome and child linear growth. We
tested if the sample size was adequate for non-significant results by calculating the power, and
found it to be low. This may indicate that the lack of significant associations for some
variables might be due to low statistical power.

For the assessment of ANC compliance and its association with adverse pregnancy outcomes,
we included 704 pregnant women (Paper III). The absence of statistical significance in the
association of antenatal care use and adverse pregnancy outcome could be explained partly by
inadequacy of power for adverse pregnancy outcome (type II error). To reduce the effect of
low statistical power, we analysed continuous variables (Birth weight, LAZ, WLZ) directly
and did not reduce them to a categorical variable. The sample size had adequate power

(81.5%) for the initial exposure variable (wealth status) used in the sample size calculation.

Chance

The observed association between outcome and exposure could be due to chance (145). One
can explain the role of chance using P-values or a 95% confidence interval. Unlike P-values
that address only chance, the measure of association with confidence interval is useful to
reveal the likelihood of the occurrence of chance, as well as the strength, direction and range
of an effect (141). We examined the role of chance using multilevel mixed-effects regression
to measure the association between intrauterine foetal growth measured at different time
periods as exposure and LAZ as an outcome variable in Paper II. In paper III, we performed
logistic regression to assess the association of antenatal care with adverse pregnancy
outcomes. We used a P < 0.05 and a 95% confidence interval to evaluate statistical

significance.
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Causation

Bradford Hill suggests nine criteria for evaluating whether the associations in
epidemiological studies are causal (155). These include the strength (effect size), consistency,
specificity of the association, temporality (i.e., the causal predictor preceding the outcome),
biological gradient (dose-response relationship), plausibility and coherence with current
knowledge, and experimental and analogous examples. In this section, we discuss our

findings according to the criteria listed above by taking examples from the papers (see below).

Papers I and III had reached sufficient power strength because they included the required

number of pregnant women for monitoring foetal growth and ANC service utilization.

The Paper I study demonstrated a temporal relationship of the exposure and outcome
variables. Early intrauterine foetal growth influenced the birth weight and child LAZ. In
addition, foetal growth during late pregnancy influenced the birth-weight. The study has also
demonstrated a dose-response relationship as an increase in femoral length was associated
with increasing LAZ. Thus a strong association we found would be more likely to be causal as
we used cohort design that reduces the risk of reverse causality (unmeasured variables
accounting for observed associations). Moreover the study was conducted as planned and the

effect of confounders and effect modifier controlled for the measured variables in the study.

The finding of similarity of intrauterine growth pattern in our study area with that of the
international reference standards (Paper I) confirms the plausibility and coherence of our
results with current knowledge. This was also demonstrated in the relationship between the
intrauterine foetal growth and child linear growth (Paper II). However, the lack of association
between ANC service utilization and adverse pregnancy outcomes (Paper III) is consistence
with a review article on randomized trials and meta-analysis (118-121). Despite this, an
association between ANC service use and pregnancy outcome was reported from cross-
sectional and retrospective studies (110, 111). In addition, these latter studies did not
summarize the adverse outcomes in the same manner as in the present study (156). We
summed up adverse pregnancy outcomes because their frequency was small. This is unlike
other studies that assessed the association for each adverse pregnancy outcome. The IUG
patterns in our study are in line with the WHO and INTERGROWTH-21* multicentre foetal
growth reference studies (Paper I) (1, 2, 157).
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External validity

External validity refers to whether the findings can be generalized to a population in different
settings (158). In the studies reported in Papers I and III, we included all pregnant women and
households for a study that aimed to construct reference charts for foetal growth and size as
well as examining the association of antenatal care with adverse pregnancy outcome. The
study population was composed of rural residents within the catchment area of the community
health post in their respective kebeles in the Rift Valley of Ethiopia. In Paper I, we found
similar UG patterns to those indicated in the WHO and INTERGROWTH-21* foetal growth
reference standards. The area where we conducted the studies are similar to other Ethiopian
rural communities or other areas with similar ecological settings. However, the interpretation
of our findings for generalization should take the context of the study area into consideration.
Our result may be applicable to areas that have similar characteristics regarding drought and

food shortages.

In our studies, we included all pregnant women and households. The study population are
rural residents within the catchment area of the community health post in their respective
kebeles in the Rift Valley of Ethiopia. The study aimed to construct reference charts for foetal
growth and size (Paper I). We found similar IUG patterns to those indicated in the WHO and
INTERGROWTH-21* foetal growth reference standards. These IUG pattern findings may
not be generalizable to a high-risk population of pregnant women because women who had
multiple pregnancy, abortion, congenital abnormalities, or intrauterine foetal death were
excluded from our analysis. But the findings of this study can be generalized to population of
women with low-risk pregnancies. Foetal factors, duration of pregnancy, child age, maternal
height and family size were found to be the main predictors of linear child growth measured
by LAZ and WLZ in children aged 11-24 months (Paper IT). These can be generalized to
other areas in the Refit valley of Ethiopia that have similar characteristics regarding drought

and food shortages but a higher loss to follow up may limit the generalizability.

During pregnancy, the compliance of ANC utilization with national and WHO guidelines was
low (Paper III). The ANC utilization did not have an association with adverse pregnancy
outcome. There are no reports of diabetes mellitus, HIV, or syphilis that might potentially
contribute to adverse pregnancy outcomes in the study participants. This may affect the

generalizability of the findings to a maternal population with different medical backgrounds.
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Our findings may be applicable to populations with similar ecological settings to our study

area.

Neutrality and interests

Regarding neutrality, all the papers in this thesis have strengths. We collected data from the
community. Nurses employed by our research group collected all data. The primary author
took the ultrasound measurement but did not tell the sex of the foetus to the mothers. Even
though we cannot altogether exclude the chance that research nurses had affected the answers
of study participants, the researchers presented the data collected as neutrally as possible with

no interest in influencing the results.

No authors had any conflicting interests. The funders were independent of the studies and

were not involved in data collecting, analysing, and publishing.

For all published papers, we attempted to ensure accuracy and completeness of reporting the
studies according to the Strengthening The Reporting of Observational Studies in
Epidemiology checklist (159).

Ethical considerations

The study received ethical approval from the Institutional Review Board of the College of
Health Sciences, Addis Ababa University, in June 2015 (ref.;005/15/SPH) and from the
Regional Committee for Medical and Health Research Ethics, Western Norway (ref:
2013/986/REK Vest). Written permission to perform this study was obtained from the Oromia
Regional Health Bureau and relevant provincial and local authorities in the district. Informed
written consent was obtained from each participant. Pregnant women who had indication(s)
for treatment were referred to a nearby hospital. Before anthropometric measurements,
informed parental consent was obtained for their children, and all procedures were conducted

based on voluntary participation.
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Discussion of main findings

In this section, discussion is focused on the context of the study and main findings

demonstrated by the thesis.

In this thesis, the overall aim was to examine intrauterine and child growth in a rural, drought
affected area in the context of Ethiopian health system. We demonstrated the similarity of
intrauterine growth patterns in the study area with that of international reference standards.
We found that intrauterine foetal growth influenced birth weight and child linear growth. We
did not find an association between adverse pregnancy outcomes and utilization of ANC
service. Even though ANC service is provided at all levels of health facility, its utilization was

low compared to the national and WHO guidelines.

We found that IUG patterns in the rural part of the Rift Valley, south-central Ethiopia, are
mostly within the same distribution to that of the WHO and INTERGROWTH-21*
multicentre foetal growth reference studies (Paper 1) (1, 2, 157). The study area is affected by
repeated droughts, food shortages and maternal under-nutrition is common (160). There was a
severe drought triggered by El Nino in the area in 2015 and early 2016 (123). The
communities were thus receiving food aid (124). Despite the presence of maternal under-
nutrition in more than 40% of the women at the start of the study, the EFWs remained within
normal ranges. This might be explained by placental adaptation. Maternal under-nutrition is
also associated with degenerative placental changes. However, degenerative placental changes
may not impair the placenta’s transport capacity sufficiently enough to alter foetal nutrition
and were not thereby associated with a reduction in foetal growth or birth weight (161). The
other possible explanation could be the supplementary food support given to pregnant women.
Indeed, pregnant mothers with MUACs < 23 cm in the study area do receive preferential and

regular food supplements (124).

We found that intrauterine foetal factors influenced the child linear growth as measured by
LAZ and WLZ in children aged 11-24 months (Paper II). The other main predictors of child
linear growth were duration of pregnancy, child age, maternal height and family size. Early
intrauterine foetal growth influenced the birth weight and LAZ. While foetal growth during
late pregnancy influenced the birth weight.
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Moreover, we observed a large variation in LAZ and WLZ between villages (kebeles)
demonstrating that the influence of environmental factors is more on the child linear growth
than the birth weight. Some factors that were found to contribute to growth faltering in low
resource settings in other studies were inappropriate breastfeeding, lack of adequate quality
and quantity of complementary foods, insufficient infant and young child feeding practices,

infections, and other environmental exposures (70-72).

These findings of our study are in line with the birth cohort studies that suggested that growth
in the first 1000 days of life can be viewed as a continuum between the foetal period and
infancy and early childhood period (72, 163). This underlines the importance of follow up and
growth monitoring starting from the antenatal period. In our study we found that intrauterine
growth pattern using ultrasound is similar to the international growth reference standards.
Thus the use of ultrasound in monitoring of intrauterine growth is less likely to be useful in
low-risk pregnancies. The International Federation of Gynecology and Obstetrics (FIGO) also
does not recommend the routine use of ultrasound for the detection of foetal growth
restriction in low-risk pregnancies as there is no evidence to support it (164). A meta-analysis
of 13 trials found that there is no association between routine EFW determination using

ultrasound and adverse pregnancy outcomes in low-risk pregnancies (165).

The benefit of antenatal health service utilization is the provision of evidence-based clinical
interventions such as maternal health education and counselling, examinations, and arranging
specialized care when the need arises (166). Antenatal care gives an opportunity for
influencing the future health and well-being of pregnant women, foetuses and neonates. It
helps to identify high-risk women to facilitate timely management during pregnancy and child

birth (167).

We found that the compliance of ANC utilization in the study area with that of the national
and the WHO guidelines was low (Paper III). Only about one third of the pregnant women
fulfilled the WHO minimum number of four or more ANC visits. This is lower than the global
LMIC proportion of 55% and report from Myanmar of 59% (168-170). Those women who
initiated ANC during the first trimester were very low (2.6%) compared to other LMIC such
as Myanmar (47%) (168, 170) and the WHO guideline that expects all pregnant women to
start ANC follow up during the first trimester (167). The low rate of the four ANC follow-ups
in our study is similar to other studies undertaken in Ethiopia. Women may not be able to

attend the subsequent ANC follow-ups because of distance, low level of education and poor
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wealth index (171-173). These factors were also documented in studies from other low-
income countries (174-177). The other reasons for the low rate of ANC utilization may be
related to the low quality of the services provided and a lack of trust the women feel about the

expertise of the service providers (Health Extension Workers) at the health posts (178, 179).

The information collected on ANC service utilization was what was reported by the women.
We did not cross check their responses with the medical records. This could have introduced a
misclassification bias. The proportion of women who had one ANC in our study (76.1%) is
higher than the national ANC attendance (62%). In addition, the loss to follow-up in our study
is small (3.2%). The fact that we screened women at home, invited them to enter the study,
and advised them to have an ultrasound scan may introduce exposure or intervention bias.
That may have contributed to the higher ANC attendance and lower loss to follow up in our

study.

We did not find a significant difference between those mothers who visited health facilities
for ANC and those mothers who did not have ANC follow-up relating to adverse pregnancy
outcomes. This is consistence with a review article on randomized trials and meta-analysis
that did not find an association between ANC and adverse pregnancy outcome (118-121).
However, it is in contrast to other studies (180, 181), that found an association between ANC
utilization and pregnancy outcomes. These studies did not summarize the adverse outcomes in
the same manner as in our study (156). One possible explanation for the absence of
association between ANC follow-up and the pregnancy outcomes could be because of the low
number of ANC follow-ups in the focused or ‘reduced” ANC model. Evidence shows that the
“standard” ANC model (attending at least eight ANC visits) offers better pregnancy outcomes
and a more likelihood of getting helpful maternal health interventions when compared to the
“FANC” model (86). In addition, the lack of association could be because we measured
coverage rather than the quality of ANC service. Therefore, these findings should be

interpreted with caution, as they are not referring to a single adverse outcome.
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Conclusion and Recommendations

Conclusion

The conclusion of this Thesis is presented in relation to the objectives of each of the Papers

included in this Thesis as follows.

Objective 1: We aimed to assess intrauterine growth patterns in a rural and drought-affected
population in Ethiopia (Paper I), and we recommend the following. The main conclusion

related to intrauterine growth was as follows.

o The foetal growth patterns, as measured by common ultrasound biometric
measurements, were similar to the intrauterine growth patterns of the
INTERGROWTH-21* and the WHO multicentre foetal growth reference standards.

e Despite the presence of maternal under-nutrition in more than 40% of the women at

the start of the study, the estimated foetal weights remained within normal ranges.

Objective 2: We aimed to examine the influence of intrauterine foetal growth on birth weight

and childhood linear growth in Ethiopia (Paper II), and we concluded the following:

e Birthweight and child linear growth were significantly associated with early
intrauterine foetal growth

e Late intrauterine foetal growth was only associated with birth weight.

The role of intrauterine growth factor on child linear growth (70%) was higher than the role of
environmental factors (30%). Environmental factors associated with the area of residence

were more important for linear growth than for birth weight.

Objective 3: To assess the compliance of antenatal care utilization with the national and the
WHO guidelines and to examine the association of antenatal care utilization with adverse

pregnancy outcomes (Paper III).

e Antenatal care service utilization was low compared to the national and WHO
guidelines
e Antenatal care utilization was not associated with the adverse pregnancy outcomes

that we measured.
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Recommendations

Operational and Policy

e We aimed to assess intrauterine growth patterns in a rural and drought-affected
population in Ethiopia (Paper I), and we recommend the following. The routine use of
ultrasound in monitoring of intrauterine growth for low-risk pregnancies is not likely
to be especially useful

e The growth standard reference developed by our study can be used for Ethiopian and

African settings of with similar contexts

We aimed to examine the influence of intrauterine foetal growth on birth weight and

childhood linear growth in Ethiopia. (Paper II), and we recommend the following:

¢ Monitoring foetal growth during early pregnancy is important to identify those prone
to linear growth faltering during childhood and to identify factors that affect birth
weight.

e Monitoring foetal growth during late pregnancy is important to identify factors that
affect birth weight.

e More focus needs to be given for intrauterine growth monitoring during follow-up
even though environmental factors had a substantial role on birth weight and child
linear growth

We aimed to assess the compliance of antenatal care utilization with the national and the
WHO guidelines and to examine the association of antenatal care utilization with adverse
pregnancy outcomes (Paper III).

e The policy attention given to expanding ANC services and skilled birth delivery
should be backed by an equal commitment to improve components of ANC service
including nutritional counselling and other services in health facilities.

e Programme planners and implementers need to give due attention to the provision of
quality and comprehensive ANC care during pregnancy

e The fact that the current provision of FANC were not found to be associated with
adverse pregnancy outcomes highlight the importance of providing more frequent visit
of ANC follow-up with more focused services.

e Strengthening the quality of health facilities at all levels is essential to increase the
utilization rate of antenatal care services.
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For further research

e A study including nutritional information, environmental, psychosocial and related
factors, and which starts before conception may give a more detailed information of
how growth trajectories for foetal growth are set and modified during the entire

pregnancy ultimately affecting child growth.
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Abstract

Introduction

Children’s well-being is highly influenced by their fetal growth. Adequate intrauterine growth
(IUG) is a basic feature of a healthy pregnancy. The aim of our study was to assess IUG pat-
terns in a rural and drought-affected population in the Rift Valley area of the Adami Tullu dis-
trict in Oromia, Ethiopia.

Methods

We conducted a longitudinal, community-based study of IUG patterns utilizing serial ultra-
sound measurements. Data were collected for 17 months, from July 2016 to November
2017. We included 675 singleton foetuses < 24 weeks old, based on ultrasound-derived
estimates of gestational age, and followed them until delivery. We obtained head circumfer-
ence, biparietal diameter, abdominal circumference, femur length, and estimated fetal
weight at 26, 30, and 36 weeks. Fetal weight was estimated using the Hadlock algorithm,
and the 5", 10", 25!, 50th, 75™, 90™, and 95" centiles were developed from this model. We
compared the biometric measurements and fetal weight data from our study to the World
Health Organization (WHO) and INTERGROWTH-21%! fetal growth reference standards.

Results

Distribution of the biometric measurements and estimated fetal weights in our study were
similar to those for the WHO and INTERGROWTH-215! references. Most measurements
were between -2 and +2 of the reference z-scores. Based on the smoothed percentiles, the
5™ 50", and 95™ percentiles of our study had similar distribution patterns to the WHO chart,
and the 50™ percentile had a similar pattern to the INTERGROWTH-21%! chart.
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Conclusions

Our study determined fetal growth patterns in a drought-affected rural community of Ethiopia
using common ultrasound biometric measurements. We found similar lUG patterns to those
indicated in the WHO and INTERGROWTH-215! fetal growth reference standards.

Introduction

Children’s well-being is highly influenced by fetal growth. Adequate intrauterine growth
(IUG) is a basic feature of a healthy pregnancy. Abnormal fetal growth has been associated
with adulthood diseases, such as stunting, cardiovascular disease, diabetes mellitus, and obesity
[1, 2]. Ultrasound imaging constitutes an indispensable tool for estimating gestational age and
fetal size. Fetal growth assessment using ultrasound improves detection of IUG restrictions
and helps identify those foetuses at risk of sickness during the neonatal period [3]. Since the
early 1980s, several ultrasound-based fetal weight references have been published [4]. Most are
based on cross-sectional or retrospective studies [3, 5, 6], with only one observation from each
woman. Moreover, these references include fetal size only and thus provide limited informa-
tion about fetal growth. Prospective studies, in comparison, can confirm gestational age and
assess fetal growth via repeated measurements [7]. Some earlier longitudinal ultrasound stud-
ies were conducted using small sample sizes, and those with larger sample sizes were per-
formed on predominantly Caucasian populations [8]. Evidence from some of these studies
shows that differences in fetal growth depend on racial category, sex, parity, and maternal size
[8].

Two recent multicentre studies that have been used to develop IUG standards are the
World Health Organization (WHO) Multicentre Growth Reference Study and the INTER-
GROWTH-21% project [9, 10]. Other “birth weight-for-gestational-age references” have been
developed with large, mostly population-based databases, and they provide birth weight per-
centiles by gestational week [3, 11]. The WHO study, which identifies differences in estimated
fetal weight (EFW) between countries, finds that maternal age, parity, height, and weight only
partially explain the differences [9]. Both the WHO and INTERGROWTH-21* studies mea-
sure biometric growth, although INTERGROWTH-21% does not present percentile data for
EFW. The INTERGROWTH-21% study estimates fetal weight during ultrasound using head
circumference and abdominal circumference, whereas the WHO study uses the Hadlock 3
algorithm to generate EFW using head circumference, abdominal circumference, and femoral
length. Both standards can be used as references for interpreting routine ultrasound
measurements.

Because these studies were conducted on presumably healthy and well-nourished pregnant
women, the risk of adverse perinatal outcomes in areas such as Ethiopia, which is repeatedly
affected by drought and food insecurity, remains unclear. Poor maternal nutrition could be an
important contributor to IUG restriction and subsequent low birth weight [12, 13]. Further-
more, the WHO study recommends the establishment of population-specific fetal growth
charts [9]. As Intrauterine growth restriction (IUGR) is reportedly high in African countries
[14], a fetal growth chart that reflects reliable data from the local population needs to be devel-
oped. This chart will serve as a basis to verify if the current growth charts can be used to assess
populations in Africa. We hypothesised that the IUG pattern in our study site would differ
from those of the WHO and INTERGROWTH-21* Project. The aim of our study thus was to
assess IUG patterns in a rural and drought-affected population in Ethiopia.
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Materials and methods
Study design and settings

This longitudinal, ultrasound-based study was conducted in the rural Adami Tullu district in
the East Shewa Zone of the Oromia Regional State in Ethiopia. The district is in the Rift Valley
area of south-central Ethiopia. According to the 2007 National Census, the projected popula-
tion of Adami Tullu was approximately 177,390 people in 2015 [15]. We followed women
residing in the district within the context of a recently conducted large, community-based,
cluster-randomized, controlled trial to determine how the combined use of long-lasting insec-
ticidal nets and indoor residual spraying affected malaria incidence compared with nets alone
or spraying alone in the rural part of the district [16].

Study population

We included pregnant women living in the study district’s villages or in the clusters of the pre-
viously mentioned malaria trials and followed them until delivery. Pregnant women were
identified by data collectors, who went house to house interviewing every woman of reproduc-
tive age (15-49 years) to ask if she was pregnant. If a woman responded that she was not preg-
nant or did not know her pregnancy status, the data collectors used a WHO checklist to
determine with reasonable certainty that a woman was not pregnant [17]. For those women
who were suspected to be pregnant based on their interview responses or the WHO checKlist,
an ultrasound scan was performed to verify the pregnancy and estimate gestational age. We
then included all pregnant women with a gestational age of less than 24 weeks who agreed to
participate in the study.

The sample size was determined based on birth weight, the primary outcome measure. The
size should be adequate to detect a birth weight difference of 110 g, based on WHO and
INTERGROWTH-21* findings and on previous estimates of standard deviations of birth
weight of approximately 500 g [9, 18]. Thus, the estimated sample size was 325 in each group
(power of 80%). Allowing for a 5% non-response rate and 5% loss to follow-up, the total sam-
ple size was 716.

Enrolment was conducted from July 2016 to June 2017, and follow-up was completed in
November 2017 when the last woman gave birth. All consenting pregnant women with a gesta-
tional age < 24 weeks and who lived in the study area were included in the study. Those preg-
nant women who left the study area or who had histories of multiple pregnancy, abortion,
congenital abnormalities, or intrauterine fetal death were excluded from the analysis.

Data collection

After enrolment, we collected data on baseline socioeconomic status, maternal age, obstetric
history, occurrence of chronic diseases, anthropometric measurements (e.g. maternal weight,
height, and mid-upper-arm circumference), blood pressure, haemoglobin, and rapid diagnos-
tic test results for malaria. Conditions that could affect fetal growth and birth weight, such as
twin pregnancy, congenital malformation, hypertensive disorders, malnutrition, anaemia, and
malaria were assessed. Testing for maternal diabetes, HIV, and syphilis was not performed,
but these data were collected from the history reported by those women who received antena-
tal care at health facilities. All assessments were conducted at nearby health posts. The women
were then given a follow-up card to visit the health posts to attend three prescheduled visits at
26, 30, and 36 weeks of gestation. Data collectors visited the women’s homes one day prior to
their appointments to remind them.
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During each scheduled visit, we recorded the ultrasound results, anthropometric measure-
ments, blood pressure, haemoglobin measurements, and malaria test results. Haemoglobin
was measured using a portable spectrophotometer (HemoCue, Angelholm, Sweden). Anaemia
was defined as a haemoglobin concentration of less than 11 g/dl [19]. Malaria infection was
tested using a rapid diagnostic test (Parascreen TM Zephyr Biomedicals, Goa, India; Paracheck
Orchid Biomedical Systems, Goa, India; or ParaHIT Span Diagnostics Ltd., Surat, India).
Blood pressure was measured using a digital measuring machine (BOSCH+ SOSH, Germany).
A mother was considered to be hypertensive when systolic blood pressure exceeded 140
mmHg or diastolic pressure exceeded 90 mmHg [20]. Maternal weight was determined using
a digital weighing scale (Coline) to the nearest 100 gm. We measured the height of each preg-
nant woman at baseline using a standard wooden board. The mid-upper-arm circumference
(MUAC) was determined using a standard MUAC tape. Circumferences of less than 23 cm
indicated maternal malnutrition [21]. According to the Ethiopian Targeted Supplementary
Feeding Programme guideline, pregnant mothers with an MUAC below 23 cm should receive
food supplements to treat moderate malnourishment [22].

Ultrasound examination was performed using portable SonoSite M-Turbo diagnostic imaging
and a full-colour, flow-mapping ultrasound system (FUJIFILM SonoSite Inc.,Bothell, WA 98021
USA) at enrolment and each subsequent visit. We used ultrasound to estimate gestational age for
all pregnancies at enrolment and at each scheduled visit [23]. At enrolment, gestational age and
estimated date of delivery were calculated utilizing the formula from Hadlock et al., which uses
biparietal diameter (BPD), head circumference (HC), abdominal circumference (AC), and femur
length (FL) [24]. Crown rump length was used to estimate gestational age until 13 weeks and 4
days of pregnancy (fetal length < 75 mm). The average of two measurements was calculated for
each biometric parameter and recorded at enrolment and at the three scheduled visits. Fetal
weight was estimated using the Hadlock algorithm for BPD, HC, AC, and FL [25]. Biometric mea-
surements were assessed based on the standards [26]. Birth weights were measured using a digital
infant weighing scale (Beurer Digital Baby Scale). Newborn birth weight, sex, head and chest cir-
cumference, and length were recorded by trained nurses within 72 hours of delivery, whether at
home or at a facility. The nurses visited the pregnant mothers regularly until they gave birth.

Data quality assurance

Thirteen trained nurses conducted the anthropometric measurements and blood tests for
anaemia and malaria. We provided these nurses with two days of training on anthropometry
measurement techniques prior to the start of the study. Intra- and inter-technical measure-
ment errors were checked, and repeated training was given until the measurements reached
the recommended cut-off points (largest acceptable differences between repeated measure-
ments of 1.0 cm for height and 0.5 cm for MUAC) [27]. The intra-technical error was 0.38 cm
for height and 0.32 cm for MUAC, and the inter-technical error was 0.37 cm for height and
0.33 cm for MUAC. Ultrasound assessment was done by the first author, who was trained by a
senior obstetrician and gynaecologist at St. Paul Hospital Millennium Medical College. The
author’s training was validated at Tikur Anbessa Specialized Teaching Hospital of Addis
Ababa University. Based on biometric measurements of 27 foetuses, the calculated Pearson’s
correlations (r) between the two independent measurements on the same foetus were r = 0.98
for BPD and HC, 0.96 for AC, and 0.89 for FL.

Statistical analysis

Data were entered and cleaned using SPSS version 24 (SPSS Inc., Chicago, IL, USA) and ana-
lysed using Stata software version 15 (Stata Corp., College Station, TX, USA). A descriptive
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analysis was performed. Reference curves were estimated based on centiles for individual
BPD, HC, AC, FL biometric parameters. EFW was derived at each gestational age from 24 to
38 weeks. The reference curve was fitted using centiles for reference models and the Sth, 10”‘,
25", 50, 75™, 90™, and 95" centiles. The proportion of foetuses in the cohort that were small
for gestational age was evaluated for weights that fell below the 10" percentile for specific ges-
tational age and the overall study population [13]. Fractions of estimated biometric measure-
ments were computed to the nearest whole number for all constructed tables of EFW, BPD,
HC, AC, and FL. The z-scores and percentiles of biometric measurements and EFW were cal-
culated and fitted to INTERGROWTH-21" International Standards for Fetal Growth [10].
Newborns weighing less than 2,500 g were categorized low birth weight [28]. Babies born alive
before 37 weeks of pregnancy were considered preterm [29]. A mother was defined as mal-
nourished if her MUAC fell below 23 cm. A household wealth index also was constructed
using principal component analysis [30]. Fourteen household assets were used to calculate
wealth: presence of electricity; ownership of a radio, mobile telephone, chair, table, bed, bicy-
cle, or land; separate kitchen from living area; ownership of animals or animal carts; types of
roof and walls; and presence of potable drinking water.

Ethical considerations

The study received ethical approval from the institutional review board of the College of
Health Sciences, Addis Ababa University, in June 2015 (ref.;005/15/SPH) and from the
Regional Committee for Medical and Health Research Ethics, Western Norway (ref: 2013/986/
REK Vest). Written permission to perform this study was obtained from the Oromia Regional
Health Bureau and relevant provincial and local authorities in the district. Informed written
consent was obtained from each participant, and all procedures were conducted based on vol-
untary participation. Pregnant women who had indication(s) for treatment were referred to a
nearby hospital.

Role of funding source

The funding sources for this study had no role in the design, data collection, analysis, interpre-
tation of the results, or writing of the report.

Results

Out of 1,054 self-reported pregnant women, 727 met the inclusion criteria, as shown in Fig 1.
Among those who did not meet inclusion criteria, 11 (3.0%) were not pregnant on ultrasound
examination, and 316 (30%) exceeded 24 weeks of gestation. Among those who met the inclu-
sion criteria, 23 (3.2%) left the study district; 15 (2.1%) had terminations, either spontaneously
or due to medical indications related to congenital abnormalities and pregnancy complica-
tions; 12 (1.7%) were twins; and two experienced intrauterine fetal deaths. As shown in the S1
Table, we found no significant difference in the baseline characteristics of those who were lost
to follow-up and those who were included in the final analysis. The final analysis comprised
1,808 ultrasound scans from 675 singleton foetuses. Growth patterns were analysed, and a
growth chart was developed based on the EFW of these 675 singleton foetuses.

Baseline characteristics

Table 1 shows the socio-demographic and economic characteristics of the study participants.
The mean + standard deviation (SD) of maternal age at enrolment was 24.9 + 5.4 (15-45)
years, the highest proportion of pregnancies occurring in the 15-24 age group. Family size of
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704 followed

Exclusion because of foetal causes
H Congenital abnormality: 4
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—I 675fo included in the

Fig 1. Flowchart of pregnant women included in the study and final analysis.
https:/doi.org/10.1371/journal.pone.0226881.g001
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Multiple pregnancy: 12 H
bortion: 11

the study participants ranged from 2 to 14 (mean: 5.6) persons. All study participants were
married, and 52% (351/675) did not have formal education. At baseline, the mean maternal
height was 157.1 cm (133 cm to 178 cm) and mean body mass index (BMI) was 21.5 (range
14.8 to 31.5), with 10.9% (73/668) having a BMI under 18.5 kg/mz. At baseline, 40.6% (281) of
the women had an MUAC under 23 cm, and 17.7% (114) of the women were anaemic

(Table 1).

Most (84.9%; 573/675) study participants were multigravida, and 19.9% (134/675) had a
history of abortion. At the start of the study, 87% (587/675) had a gestational age of 12 weeks
or more. The majority (54%; 329/607) had their first antenatal care visit after 26 weeks of gesta-
tion: 29.8% (315) had two visits, and 33.5% (354) had three visits. A small number (0.7%; 5/
675) of the mothers had malaria infection (3 had plasmodium vivax, 1 had plasmodium falcipa-
rum, and 1 was mixed species). Only one mother was diagnosed with hypertension. None
reported to have diabetes, HIV, or syphilis (Table 2).

Birth outcome

More than half (53.1%; 333/627) delivered at home (Table 2). Most (98.1%; 607/627) were
spontaneous vaginal deliveries, and Caesarean sections were performed on 1.3% (8/627).
Information on the date of delivery for 6.7% (45/627) and place of delivery for 7.1% (48/627)
was not obtained, as the mothers left the study area when their delivery date approached.
Among newborns with available birth information on the date of delivery, 85.1% (536/630)
delivered between the 37" and 42" weeks, and 4.9% (31/630) were preterm. The mean birth
weight was 3212.5 g (1292-5000 g), and 7.9% (48/610) were born with a low birth weight
(Table 2).

Intrauterine growth

Overall, 1,808 ultrasound measurements were taken. Most (90.8%; 613/675) had three ultra-
sound-derived weight measurements, and the remaining had one (n = 51) or two (n = 11)
measurements only. The mean number of scans per foetus was 2.5, ranging from 1-4. Most
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Table 1. Socio-d graphic and ec: ic characteristics of mothers who participated in the study (Adami Tullu
district, Oromia, south-central Ethiopia, 2016-2017).
Variable n (%)
Age in years (n = 673) 15-24 324 (48.0)
25-34 306 (45.3)
35-45 45 (6.7)
Education status (n = 671) No formal education 351 (52.2)
Primary school 264 (39.3)
Secondary school 57 (8.5)
Ethnicity (n = 675) Oromo 634 (94.4)
Gurage 9(1.3)
Ambhara 3(0.5)
Other 26 (3.9)
Religion (n = 675) Muslim 582 (86.6)
Orthodox 78 (11.6)
Protestant 11 (1.6)
Catholic 1(0.2)
Occupation (n = 673) Housewife 515 (76.3)
Farmer 119 (17.6)
House maid 15 (2.2)
Other* 24 (3.9)
Wealth status (n = 675) Poor 220 (32.8)
Middle 228 (34.0)
Rich 222 (33.1)
Family size (n = 675) 2-5 333 (49.3)
>5 342 (50.7)
Haemoglobin (n = 665) <110 g/dl 114 (17.7)
<110 g/dl 551 (81.3)
Mean maternal height (cm) + SD 157.1+ 6.5
Mean maternal weight (kg) at baseline + SD 53.1 #6.9
Body mass index (n = 668) Underweight 73 (10.9)
Normal weight 533 (79.8)
Overweight 62(9.3)
Mean maternal MUAC (cm) at baseline + SD 23.6 £2.3

* Day labourer, tradesperson, fisher, student, government employee, and non-governmental organization employee

https://doi.org/10.1371/journal.pone.0226881.t001

92% (621/675) of the fetal biometric measurements were taken at the second visit (25-27
weeks). Table 3 shows the distribution of ultrasound examinations and descriptive statistics of
EFW by gestational age. It is worth noting that the coefficient of variation decreased as the
number of ultrasound observations or measurements increased.

Fig 2 presents a chart for the EFWs of 1,808 ultrasound measurements compared to WHO
and INTERGROWTH-21% standards. This reference chart was plotted for the 5%, 50, and
95" percentiles for our study and WHO, and the 50™ percentile for INTERGROWTH-21*,
We used the smoothed percentile to present the plot. As shown in the S1 Fig, the percentiles
we calculated for EFW had similar distribution patterns as those for the WHO and INTER-
GROWTH-21st charts. The S2 Table shows comparisons of the 10" and 90 percentiles for
the other biometric measurements and EFW.
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®'PLOS|ONE

Intrauterine growth patterns in rural Ethiopia

Table 2. Past and present obstetric and clinical characteristics of participating women and their newborns
(Adami Tullu district, south-central Ethiopia, 2016-2017).

Variable* n (%)
Gravida (n = 675) Primigravida 102 (15.1)
Multigravida 573 (84.9)
Parity (n = 675) Nulliparous 121 (17.9)
Multiparous 449 (66.5)
Grand multiparous 105 (15.6)
Previous abortion history (n = 673) Yes 134 (19.9)
No 539 (80.1)
Gestational age at inclusion (n = 675) < =12 weeks 88 (13.0)
>12-24 weeks 587 (87.0)
Place of delivery (n = 626) Home 333 (53.1)
Health post 2(0.3)
Health centre 148 (23.6)
Hospital 143 (22.8)
Mode of delivery (n = 618) Spontaneous vaginal delivery 607 (98.1)
Assisted (forceps/vacuum) delivery 4(0.6)
Emergency Caesarean section 8(1.3)
Sex of newborn (n = 623) Male 363 (58.3)
Female 260 (41.7)
Mean birth weight (g) (n = 610) 3214 (1292-5000)
Time of birth weight measurement (n = 610) Within 24 hours after delivery 538 (88.2)
‘Within 48 hours after delivery 68 (11.1)
Within 72 hours after delivery 4(0.7)
Birth status Low birth weight (<2500 g) (%) 48/610 (7.9)
Preterm birth (<37 weeks) 31/630 (4.9)
Malaria (n = 5) Plasmodium vivax 3(0.4)
Plasmodium falciparum 1(0.1
Mixed species 1(0.1
Hypertension 1(0.1

* Numbers enclosed in parentheses in the first column indicate the number of women examined

https://doi.org/10.1371/journal.pone.0226881.t002

Table 4 shows the corresponding reference values of our study percentiles of EFW, with

respect to gestational age.

The S3-S6 Tables show growth of the fetal outer-inner diameter of BPD, HC, AC, and FL

percentiles with the corresponding gestational age. Overall, the EFW fell below the 10th centile
(small for gestation) was 9.8% (177/1808) of the measurements in our study. The incidence of
foetuses that were small for gestational age was the same for both sexes: 10% (95/951) for male
and 10% (72/682) for female newborns. The S7 and S8 Tables show the corresponding refer-
ence value of percentiles of EFW for both sexes.

Comparison with the INTERGROWTH-21st International fetal growth
standard

The z-score of the estimated fetal weight ranged from -2.36 to 1.89, with a mean of 0.13 and
standard deviation of 0-44. Fig 3 and the S2 Fig show biometric measurements and EFW stan-
dardized z-scores that were calculated and compared with the INTERGROWTH-21*" fetal
growth standard. Distribution of our biometric measurements for HC, FL, AC, and EFW were

PLOS ONE | https://doi.org/10.1371/journal.pone.0226881 December 31,2019 8/15
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Table 3. Descriptive characteristics of estimated fetal weight and distribution of ultrasound examinations in relation to gestational age (Adami Tullu district,

south-central Ethiopia, 2016-2017).

Gestational age (weeks) Number of observations Estimated fetal weight (g)
Mean + SD Minimum Maximum CV%
24 25 644 + 36 575 718 56
25 36 769 + 58 658 915 7-5
26 238 861+49 723 996 57
27 226 961+55 808 1130 57
28 80 1097 + 67 952 1280 61
29 74 1263 £ 90 985 1471 7-1
30 208 1447 £82 1236 1661 57
31 189 1589 + 88 1362 1994 5-5
32 107 1765 + 114 1465 2274 6-5
33 43 2024 +175 1777 2902 8:6
34 61 2261 + 116 2012 2528 5-1
35 133 2517 + 131 2165 2808 52
36 249 2716 + 131 2355 3058 4-8
37 100 2913 + 156 2497 3395 53
38 27 3093 + 260 2044 3555 8-4

CV, coefficient of variation (SD/mean), expressed as a percentage

https://doi.org/10.1371/journal.pone.0226881.t003

similar to those for the INTERGROWTH-21* reference, and most measurements fell between
-2 and +2 of the reference z-score. However, the z-score distribution of BPD was between -3
and +1 of the reference z-score.

Discussion

We presented a fetal weight chart based on EFW using serial ultrasound measurements to elu-
cidate fetal growth patterns in a drought-affected area of south-central Ethiopia. We generated
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Fig 2. Distribution of estimated 5th, 50th, and 95th percentiles for fetal weight by study, WHO, and
INTERGROWTH-21* for gestational ages 24 to 38 weeks.

https://doi.org/10.1371/journal.pone.0226881.g002
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Table 4. Growth chart for estimated fetal weight percentiles for both sexes (Adami Tullu district, south-central Ethiopia, 2016-2017).

Gestational age (weeks) Number of observations Estimated fetal weight (g) by percentile

5tl| 10!1- 25“‘ 50“‘ 75ﬂ| 90“‘ 95[h
24 25 580 599 614 645 663 710 717
25 36 663 697 735 765 802 848 893
26 238 781 795 828 865 897 921 936
27 226 871 892 924 957 994 1029 1058
28 80 985 1016 1053 1087 1141 1194 1226
29 74 1100 1148 1212 1257 1319 1371 1406
30 208 1304 1347 1395 1441 1502 1555 1582
31 189 1450 1479 1528 1585 1649 1695 1713
32 107 1600 1614 1696 1753 1838 1892 1946
33 43 1820 1843 1921 2011 2074 2165 2194
34 61 2051 2108 2181 2267 2341 2429 2449
35 133 2273 2350 2434 2527 2599 2689 2748
36 249 2492 2550 2627 2721 2811 2869 2923
37 100 2657 2730 2825 2905 3009 3081 3197
38 27 2367 2891 3033 3078 3232 3331 3515

https://doi.org/10.1371/journal.pone.0226881.t004

a fetal growth chart using repeated growth assessments on the same foetus from a representa-
tive community sample of 675 singleton pregnancies without congenital malformations. Our
main conclusion is that IUG patterns in the rural part of the Rift Valley are mostly within the
same distributions as those from the WHO and INTERGROWTH-21* multicentre fetal
growth reference studies [9, 10, 31].

These findings indicate that, despite the presence of maternal under-nutrition in more than
40% of the women at the start of the study, the EFWs remained within normal ranges. A
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Fig 3. Z-score of biometric measurements and estimated fetal weight compared with the INTERGROWTH-21*' fetal growth
standard, 2016-2017.

https://doi.org/10.1371/journal.pone.0226881.g003
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possible explanation for this could be that, although the area was affected by drought [32] and
there was a food shortage resulting in under-nutrition, pregnant women in these areas
received supplementary food. Indeed, pregnant mothers with MUACs < 23 cm do receive
preferential and regular food supplements [22].

We also found that 9.8% of foetuses were small for gestational age, with a z-score for EFW
below the 10" percentile. This finding is suggestive of IUG restriction [13]. A study in Tanza-
nia found similar results [33]. Compared to a previous study done in south western Ethiopia
[18], we found a lower proportion of low birth weights (7.9%). This difference could be
ascribed to the time that the birth weight was taken. In our study, 88.2% of birth weights were
recorded within 24 hours of delivery.

Unlike previous reference studies done on presumably healthy and well-nourished preg-
nant women, our study was based on longitudinal ultrasound examinations in a population
affected by drought. The availability of nutrients for the foetus depends on maternal nutrition.
In drought-affected areas, low maternal food intake results in a reduced nutrient stream from
the mother to the foetus, with consequent IUG restriction [13]. The presence of maternal
undernutrition and consequent fetal growth restriction also might influence malnutrition
rates among children younger than 5 years old, as previously reported in our study area by
Taye et al. [34].

The z-scores of HC, FL, and AC in this study were similar to the standards, when fitted to
INTERGROWTH-21* application software [10, 35]. However, the z-score distribution of BPD
was between -3 and +1 of the reference z-score. This difference is probably related to the differ-
ence in the method of BPD measurement in our study. Specifically, we measured BPD from
outer to inner diameter of the parietal bone, whereas INTERGROWTH-21* measures from
outer to outer diameter. The difference in measurement between our study and INTER-
GROWTH-21% is the thickness of the parietal bone, which is estimated to be less than 3 mm.
This 3-mm difference is expected to shift the z-score to the right by at least one SD, as the SD
in the INTERGROWTH-21* study is approximately 1.74 mm. When accounting for the thick-
ness of the parietal bone, the difference in BPD between our study and INTERGROWTH-21%
may not be significant [36].

Our study also differed from the INTERGROWTH-21* study in determining EFW. Most
studies, including WHO, use the Hadlock formula. For EFW, Hadlock 4 uses BPD (outer to
inner diameter of the parietal bone), HC, AC, and FL. INTERGROWTH-21* uses HC and AC
only. In their study, Lufee Wong et al. concluded that EFW using Hadlock 3, Hadlock 4, and
INTERGROWTH-21% produces similar results, except for slight differences at gestations less
than 27-28 weeks [37]. Previous studies have validated the use of Hadlock 3 and 4 formulae.
The INTERGROWTH-21% regression formula has yet to be prospectively validated against
birth weights outside of the INTERGROWTH-21" study [37].

Our study has many strengths. The study instruments were standardized and validated, and
the women were representative of the community in this part of the Ethiopian Rift Valley.
This population sample avoided possible selection bias, which can occur when data are col-
lected at health facilities. The women were more likely to have an indication for follow-up or
supervision. Moreover, longitudinal data produced reference intervals for both fetal size and
growth, unlike cross-sectional studies that provide information on fetal size only. Migration of
the study participants out of the study area as an effect of drought constitutes a possible limita-
tion that could affect the results of this study. However, the proportion of those who migrated
out of the study area was small (3.2%). Also, as our study evaluated EFWs at up to 36 weeks of
gestation, the results might not determine whether growth faltering occurs in later gestational
ages.
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®'PLOS|ONE

Intrauterine growth patterns in rural Ethiopia

In conclusion, we measured IUG patterns using serial ultrasound measurements in a
drought-affected rural community of Ethiopia and compared them with the INTERGROWTH-
21* and the WHO multicentre fetal growth reference standards. The fetal growth patterns, as
measured by common ultrasound biometric measurements, were similar to the IUG patterns of
the reference standards. The findings of our study also detected preterm births (4.9%) and low
birth weights (7.9%) among participants. Subsequent studies on risk factors or underlying causes
of preterm birth and low birth weight must be conducted to guide appropriate interventions.
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S2 Fig. Z-score of biparietal diameter compared with the INTERGROWTH-21* fetal
growth standard 2016-2017.
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S1 Table. Comparison of baseline characteristics of those lost to follow up with those
included in the final analysis.

Variable Loss to follow up P-value
Yes (23, 3.3%) | No (666, 96.7%)

Mean age (SD) 23.4(5.3) 249 (54) P=.16
[t (687)=-1.4, two-tailed]

Mean height 156.5 (5.9) 157.3 (6.5) P=.57
[t (687)=-.57, two-tailed]

Occupation

Others (%) 5(3) 159 (97) P=0.90 (COR 1.07 (0.39-2.94)

House wife 17(3.2) 507(96.8) 1

Wealth status

Poor (%) 8 (3.6) 216 (96.4) 1

Middle (%) 8(3.4) 226 (96.6) P=0.93 (COR 1.05 (0.39-2.84)

Rich (%) 52.2) 221 (97.8) P=0.39 (COR 1.64 (0.53- 5.08)




S2 Table. Growth chart of fetal outer-inner biparietal diameter at gestational ages 24-38
weeks (Adami Tullu district, south-central Ethiopia, 2016-2017)

Reference Chart Measurement Gestational Week
24 28 32 36
Biparietal diameter mm)
Ethiopia 57 68 78 86
10th percentile WHO 56 67 76 84
Head circumference (mm)
Ethiopia 217| 253 289 320
WHO 211 251 282 306
Abdominal circumference (mm)
Ethiopia 177] 218 257 299
WHO 184| 225 260 294
Femural length (mm)
Ethiopia 40 49 58 68
WHO 41 49 57 65
Estimated foetal weight (g)
Ethiopia 599 1016 1614 2550
WHO 576| 1026 1635| 2352
Biparietal diameter mm)
Ethiopia 63 72 83 92
90th percentile WHO 64 76 86 93
Head circumferance (mm)
Ethiopia 233| 272 304 330
WHO 233 | 277 311 336
Abdominal circumference (mm)
Ethiopia 197| 218 257 299
WHO 210 256 298 340
Femural length (mm)
Ethiopia 46 55 64 73
WHO 46 55 64 72
Estimated foetal weight (g)
Ethiopia 710 1194 1892 | 2869
WHO 765| 1368 2187| 3153




S3 Table. Growth chart of fetal head circumference (Adami Tullu district, south-central
Ethiopia, 2016-2017)

Gestational age
(weeks) Biparietal diameter (mm) by percentile

Number of

observations Mean + SD 5th 10™ 25t 50t 75t 90t 95th
24 25 59.5+1.7 57 57 58 59 60 63 63
25 36 61.03+2.3 56 58 60 61 63 64 65
26 238 64.6+ 1.7 61 62 64 65 66 67 67
27 226 67.1£19 64 64 66 67 69 69 70
28 80 899£19 66 68 68 70 71 72 73
29 " 722122 69 70 71 72 74 75 75
30 208 BOLLS 72 73 74 75 76 71 78
31 189 776122 74 75 76 78 79 81 81
32 107 802121 76 78 79 80 82 83 84
33 43 833225 79 80 82 83 85 86 87
34 61 84.0+22 81 81 83 84 86 88 88
3 133 862124 82 83 84 86 88 89 90
36 249 $9.0222 86 86 87 89 90 92 92
37 100 SL1+27 86 88 90 91 93 94 95
38 7 914128 87 91 93 95 96 98 99




S4 Table. Growth chart of fetal abdominal circumference at gestational ages 24-38 weeks
(Adami Tullu district, south-central Ethiopia, 2016-2017).

Gestational age | Number of Mean +SD Head circumference (mm) by percentile

(weeks) observations 5™ 10" 25" 50" 75" 90" 95"
24 25 23454 215 217 219 223 228 233 244
25 36 35169 224 225 229 235 240 242 247
26 238 244.1243 237 239 241 244 247 250 251
27 226 292447 244 246 249 252 255 258 260
28 80 262.1£65 252 253 258 262 265 272 274
29 7 272.3£80 260 263 268 273 271 281 284
30 208 81£50 273 275 277 281 284 287 289
31 18 2888238 280 281 285 288 293 296 300
32 107 2966162 285 289 292 297 301 304 308
33 4 3054£7.0 292 297 301 303 309 313 315
34 o1 3139156 305 307 310 313 318 322 324
35 133 3191247 312 313 316 319 322 324 326
36 249 3253143 318 320 323 325 328 330 332
37 100 329.7£6.1 320 324 326 330 333 338 339
38 z 3349169 317 329 331 335 338 344 345




S5 Table. Growth chart of fetal femur length at gestational ages 24—38 weeks (Adami Tullu

district, south-central Ethiopia, 2016-2017).

Number of

observations Abd I circumference (mm) by percentile
Gestational Mean + SD
age (weeks) 5 10" 25" 50" 75" 90" 95"
24 25 1878178 170 177 184 189 195 197 199
25 36 2003£9.2 185 191 194 199 207 216 218
26 238 208679 196 199 203 209 215 218 222
27 226 2776 205 208 212 216 222 227 231
28 80 2274193 210 218 222 227 232 237 244
29 7 23852106 215 224 231 238 245 253 256
30 208 2494186 235 238 243 249 256 260 264
31 189 257.6£85 245 246 252 258 263 269 272
32 107 268.1+104 252 257 261 268 276 280 285
33 43 280.1£11.0 263 269 273 279 286 290 294
34 o1 2903158 276 279 284 289 296 307 311
35 133 3027454 285 289 297 303 309 314 317
36 249 311.1+88 295 299 306 312 317 322 325
37 100 31794107 298 305 312 319 323 330 334
38 27 3252+139 285 314 322 326 334 338 342




S6 Table. Growth chart of the 10th and 90th percentiles for our study and WHO reference
standards.

Gestational age oNl;ls:l:)v:izfn . Mean + SD | Femur length (mm) by percentile

(weeks) 50 10° 250 50" 750 90" 95t
2% 25 4335822 59 40 2 43 45 46 47
25 36 466122 | 4 4 46 47 48 49 50
26 238 BIEL8 ) s 46 47 48 49 50 51
27 26 e P, 48 49 50 51 52 52
28 80 S22l g 49 51 52 53 55 56
29 74 8122 gy 52 53 55 56 57 58
30 208 STALIY 15y 55 56 57 59 60 61
31 189 9220 s 57 58 59 60 61 62
32 107 00.7£22 1 58 59 6l 62 64 65
33 43 638227 160 61 62 63 65 67 68
34 61 663226 14, 63 64 66 68 9 71
35 133 85223 4 65 67 6 70 71 72
36 9 702220 1, 68 69 70 71 73 74
37 100 72121 69 70 70 72 73 75 76
38 z 729128 6 9 71 73 75 7 78
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Abstract

Introduction

Little is known about the influence of intrauterine fetal factors on childhood growth in low-
income countries. The objective of this study was to examine the influence of intrauterine
fetal growth on child linear growth in rural Ethiopia.

Methods

We conducted a prospective community-based cohort study from July 2016 to October
2018. All pregnant women with gestational age of 24 weeks or below living in 13 kebeles, in
central Ethiopia were enrolled. The fetuses were followed from pregnancy up to 11-24
months after birth. We measured biparietal diameter, head circumference, femoral length,
and abdominal circumference at 26, 30 and 36 weeks of pregnancy. At birth, we measured
infant weight. At 11—24 months of age, z-scores of length- for- age, and weight-for-length
were calculated. A multilevel, mixed-effect, linear regression model was used to examine
the influence of fetal, newborn, maternal, household factors and residence area on child lin-
ear growth.

Results

We included 554 children. The prevalence rate of stunting was 54.3% and that of wasting
was 10.6%. Fetal biparietal diameter, head circumference, and abdominal circumference,
were significantly associated with birth weight. Femoral length z-score in early pregnancy,
gestational age at delivery and child age were significantly associated with length-for-age
z-score. Family size was significantly associated with length-for-age z-score. Family size
and maternal height were associated with weight-for-height z-score. There was a large
variation in length-for-age z-score (Intra cluster correlation, or p (rho) = 0.30) and weight-
for-length z-score (p = 0.22) than of birth weight of new-born (p = 0.11) in kebeles indicat-
ing heterogeneity in clusters for length-for-age z-score and weight-for-length z-score than
birth weight.
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Conclusions

Child linear growth was influenced by fetal growth, duration of pregnancy, maternal height,
and family size. Environmental factors that are associated with the area of residence play a
bigger role for linear growth than for birth weight.

Introduction

One of the most important development phases of a child is the first 1,000 days of life, which is
the time from conception up to two years of age [1, 2]. Early childhood developments happen
in physical, social, emotional, and cognitive domains. If there is any incident that happens dur-
ing pregnancy or in the child’s first years of life, it can affect growth and lead to childhood
undernutrition [2-4]. Childhood undernutrition is a major, common public health problem
that increases the risk of mortality among children in developing countries [5]. Stunting affects
164.8 million (22.7%) children globally. Most of the stunted children, 148 million, live in low-
and middle-income countries (LMICs). Additionally, 52 million (8%) of children worldwide
exhibit signs of wasting [5, 6].

Studies of the timing and pattern of growth faltering in the first two years of life suggest that
the growth rate of children is adequate in the first few months of life and growth faltering
often starts after three months of life [7, 8]. In LMICs, the length/height for age z-scores (LAZ)
declines soon after birth to a lowest point of -1.75 to < 2 z-scores by 24 months of age. This
often results in lack of subsequent catch-up growth up to the age of five years [9].

Birth cohort studies suggest that growth in the first 1,000 days of life can be viewed as a con-
tinuum between the fetal period and infancy and early childhood period [9, 10]. Some factors
that contribute to growth faltering in low resource settings include inappropriate breastfeed-
ing, lack of adequate quality and amount of complementary foods, insufficient infant and
young child feeding practices, infections, and other environmental exposures [2, 9, 11]. How-
ever, little is known about the influence of intrauterine fetal factors on childhood growth in
low-income countries. It is thus important to examine the effect of intrauterine fetal growth
on early childhood growth. The aim of this study was to examine the influence of intrauterine
fetal growth on LAZ and weight-for-length z-score (WLZ) in early childhood using a prospec-
tive cohort study conducted starting from 24 weeks of gestation up to 11-24 months of age in
rural Ethiopia.

Methods
Study design

We conducted a prospective community-based cohort study from July 2016 to October 2018.
All pregnant women with gestational age of 24 weeks or below living in 13 kebeles of Adami
Tullu, Oromia, Ethiopia were enrolled. We followed the fetus, using portable obstetric ultra-
sound, starting from the date of enrolment throughout the period of pregnancy and then until
11-24 months of age, when weight and length were measured.

The influence of fetal biometry on child linear growth was examined in this study. The fetal
biometry in millimeters measured by ultrasound included were biparietal diameter (BPD),
head circumference (HC), femoral length (FL), and abdominal circumference (AC). The other
independent variables we included were child sex, gestational age at birth, maternal age,
maternal education, maternal occupation, parity, maternal height, wealth status, and family
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size. The outcome measurements for child linear growth were length—for-age z-scores (LAZ)
and weight-for-length z-scores (WLZ). The other intermediate outcome measurement that
was evaluated for its effect on linear child growth was birth weight.

We identified and adapted independent variables that influence linear growth in children
aged 11-24 months of age from previous studies [2, 3, 12, 13]. In the current study, the socio-
economic conditions were family size and household wealth status. The maternal conditions
were age, height, parity, education and occupation. The fetal and child factors include fetal fac-
tors (HC, BPD, AC and FL) and birth characteristics (gestational age at birth and child sex).

Study setting

This study recruited pregnant women living in 13 kebeles (lowest administrative level) of the
Adami Tullu district, Oromia Regional State, Ethiopia, as previously reported [14]. At baseline,
trained data collectors interviewed all women of reproductive age regarding socio-demogra-
phy, household conditions and pregnancy status.

The projected population size of the district for 2015 was 177,390 people [15]. Local resi-
dents primarily depend on farming, livestock rearing, and to a lesser extent, fishing in Lake
Zeway for their subsistence.

Participants

The study population and recruitment of study participants have been described in detail in
previous publication [14]. Briefly, recruitment of the study participants was conducted from
July 2016 to June 2017. All women of reproductive age (15-49 years) permanently residing in
the study area were used as a source population for the current fetal and postnatal growth
study.

Trained data collectors conducted house-to-house visits and informed eligible women
about the study objectives and procedures. Eligible participants self-reported their pregnancy
status or answered a modified checklist based on 2010 criteria endorsed by the World Health
Organization (WHO) [16]. Pregnancy was confirmed by ultrasound, and those with a gesta-
tional age at or before 24 weeks of gestation who gave written informed consent (thumbprint
or signature) were enrolled. We followed the BPD, HC, AC and FL parameters of the fetus
using ultrasound through the pregnancy. At delivery, we measured birth weight within in 72
hours after delivery. Subsequently their weight and length were measured after birth by the
time they were 11-24 months of age.

We instructed the participants to attend three prenatal visits that were prescheduled from
26 weeks to 36 weeks of gestation at the closest health post or established stations in each
kebele for this study. The data collectors reminded the study participants a day prior to their
scheduled visits.

Variables

Only singleton fetuses under 24 weeks of gestation estimated by ultrasound at enrolment were
included in the analyses. Twins and fetuses with congenital anomalies were excluded. The out-
come measurements for child linear growth were length-for-age z-score (LAZ) and weight-
for-length z-score (WLZ), measured at 11-24 months of the child age and birth weight. Fetal
biometry measured by ultrasound, sex of child, gestational age at birth (measured in weeks),
maternal age, maternal education, maternal occupation, parity, maternal height, household
wealth status, family size and child age were the predictor variables in this study. A household
wealth status was constructed by using principal component analysis as described previously
[14]. The number of household family members were used for family size.
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Start

M < 24wk gestation 24-28wks of gestation

All variables included in the model were considered as continuous except for occupation of
the mother and sex of the child.

Data collection procedures

To collect data we used interview questionnaires, anthropometric measurements, and ultra-
sound examinations. We used questionnaires that were structured and pre-tested to collect
data on maternal age, socioeconomic status, education, occupation, and parity at enrolment.
We developed the questionnaires in English and then translated into the local language, Afan
Oromo. We trained thirteen nurses for data collection. They were trained on how to take
maternal, new-born, and child anthropometric measurements. We assigned them to each
health post or kebele station established for the study. Fig 1 summarizes the data collection
timeline and variables.

Ultrasound measurements

We calculated gestational age at enrolment based on the ultrasound measurement of biometric
parameters using the Hadlock et al multiple parameter formula. The measurements were BPD,
HC, AC, and FL [17, 18]. These were taken for pregnancies more than 13 weeks and 4 days.
Assessments were performed at 24-28 weeks, 29-33 weeks, and 34-38 weeks of gestation.
Even though sex of the fetus was identified during ultrasound assessment, the mothers were
not informed about the sex of the fetus either by the researcher or by research assistant. For all
ultrasound examinations and measurements, we used Sonosite M-Turbo diagnostic full-col-
ored ultrasound machine (FUJIFILM SonoSite, Inc., USA). The primary author was trained
on obstetric ultrasound. During training, the quality and accuracy of measurements were vali-
dated by a senior obstetrician at Addis Ababa University. After training, the primary author
conducted the ultrasounds using standard techniques [19] and Hadlock’s criteria [17, 18].

Anthropometric measurements

Trained nurses recorded the anthropometric measurements. They measured height of each
pregnant woman at enrolment using a standard wooden board. Trained nurses recorded the
anthropometric measurements. They measured height of each pregnant woman at enrolment

End

34-38wks of

29-33wks of gestation p .
gestation Delivery

Post-natal
11-24months

ﬂ

US assessment

| 1 I |1

US assessment

. . Biometric Biometric UStassessment Child length
Sociodemographic measurement Biometric Birth weight Child weight
Maternal anthropometry measurement t ;
S assessimient Estimated Fetal Estimated Fetal measuremen Daterof delivery
R weight weight Estimated Fetal Child sex
(Estimation of GA and g weight
EDD)
Fig 1. Data collection timeline of the study.
https://doi.org/10.1371/journal.pone.0272620.g001
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using a standard wooden board. Before starting the study, they were given two days of training
on anthropometry measurement techniques. We checked inter-and intra-technical measure-
ment errors, and gave repeated training until the measurements reached the recommended
cut-off points [20]. Within 72 hours of birth, the nurses measured birthweight, and recorded
sex of the new-born. The weights and lengths of the children were recorded once at their age
between 11-24 months. Length was measured in supine position (recumbent length) using a
standard wooden board. Weight was measured to the nearest 100 gram using a digital scale
[21]. The data collectors for the child anthropometry in this study were the nurses who were
trained and their measurement techniques standardized in a study that was being carried out
at the same time in under five children in the same area [22]. The intra and inter technical
errors of measurements (TEM) were within the acceptable cut-off points [23]. They were
given additional one-day refreshment training before initiation of data collection. Before tak-
ing weight measurements, the scales were checked and calibrated. Birth weight was measured
within 72 hours of delivery to minimize variations related with physiological changes that
occur after 72 hours.

Age of the children was calculated in months from the day on which anthropometric mea-
surements were taken and the recorded date of birth.

Sample size

The sample size was determined based on birth weight. The aim was to have an adequate sam-
ple to detect a birth weight difference of 110 grams among rich and poor based on wealth sta-
tus and with previous estimates of standard deviation of birth weight being about 500g [24,
25]. The calculated sample size in each group was 325 (power of 80%). The overall sample size
became 716 considering a non-response rate of 5% and a loss to follow-up of 5%.

Statistical analysis

Trained clerks entered the data from the paper-based standardized questionnaires and forms
using SPSS version 24 (SPSS Inc., Chicago, IL, USA). Data were cleaned using SPSS statistical
software. We used Stata software version 15 (Stata Corp. College Station, TX, USA) for analy-
sis. Descriptive statistics were calculated using the mean and standard deviation for continu-
ous variables and percentages for categorical variables. In addition, scatter plot, boxplot and
Inter Quartile Ranges were used for descriptive analysis. Principal component analysis was
used to construct a relative wealth index [26]. It was computed using fourteen household
assets. The detail was presented elsewhere [14].

The three rounds of fetal biometry at 24-28 weeks, 29-33 weeks and 34-38 weeks of gesta-
tion and birthweight were considered separately. Nutritional indices (standard deviations) and
z-scores for length-for-age, weight-for-age, and weight-for-length were calculated using child
growth standards [27]. Outcomes of less than -2 z-scores for length/height-for-age, weight-
for-age, and weight-for-length/height were defined as stunting, wasting and underweight,
respectively.

To measure the association of intrauterine growth on birth outcomes and growth among
children 11 to 24 months of age, we used a multilevel, linear regression analysis model. This
was to account for clustering due to repeated measures of HC,BPD,AC, and FL of the individ-
ual child at different times [28]. The other reason we used multilevel model was to account for
determining factors of child linear growth (LAZ, WLZ) at household and community level
that are nested in households and kebeles [29].

We first checked for distributions of the independent and outcome variables before fitting
the model. We had planned to include the birth length in the model. Unfortunately, the length

PLOS ONE | https://doi.org/10.1371/journal.pone.0272620  August 5, 2022 5/16



PLOS ONE

Influence of intrauterine factors on birth weight and on child linear growth in rural Ethiopia

measurements at birth was not correctly taken, and were excluded from the final analysis. Fit-
ting of the multilevel model was done after checking for the presence of clustering. Initially, we
fitted a null, single-level (standard) regression model. Then we ran a null, multilevel model
with the random individual effect. The multilevel, linear regression analysis model was fitted
for each exposure variables separately with the outcome variable and the final model was fitted
for all exposure variables together.

The calculated test statistics for model fit of outcome measures was strong (P<0.001). To
estimate the unadjusted and adjusted coefficient (B) with a 95% confidence interval (CI), we
fitted a multilevel model to account for clustering.

The potential predictor variables considered for birth weight, LAZ and WLZ in the model
included household, maternal, and child characteristics. The household characteristics were
household wealth and family size. The maternal characteristics included age, height, education,
occupation, and parity. While the child characteristics were HC, BPD, AC, FL, gestational age
at delivery and sex. We also included all predictive variables as potential risk factors for birth-
weight outcome. Finally, we conducted multilevel, mixed-effect, regression analyses for differ-
ent times and reported the adjusted beta. Kebele was used as group identity and Random-
effect parameters were estimated for it. In the statistical analyses, sex and gestational age at
birth were factor considered as potential effect modifiers while other factors were considered
as potential confounders.

Intra cluster correlation (ICC (p (rho)) was estimated as the ratio of the between kebele var-
iance to the total variance in birth weight, length-for-age z-score and for weight-for-length z-
score. ICC was calculated after a mixed-effects linear model was fitted. An ICC close to one for
a variable shows homogeneity in a kebele. An ICC close to zero for a variable reflects that the
variable is randomly distributed among kebeles [30].

Ethical approval

We obtained ethical approval for this study in June 2015 from Addis Ababa University College
of Health Sciences Institutional Review Board (ref.; 005/15/SPH) and from the Regional Com-
mittee for Medical and Health Research Ethics, Western Norway (ref: 2013/986/REK Vest).
We also obtained written permission from the Oromia Regional Health Bureau and respective
local authorities. All women who volunteered to participate in the study gave informed written
consent and we obtained parental consent for their children.

Results
Characteristics of study participants

We screened 1,054 women of reproductive age of whom seven hundred twenty-seven preg-
nant women fulfilled the inclusion criteria while 327 did not meet the inclusion criteria. From
the 727 pregnant women we enrolled, 23 of the pregnant mothers out-migrated before the
date of delivery. From the 704 remaining study participants, 29 were excluded because of fetal
or maternal causes. From those excluded, 12 of them were multiple pregnancies and 11 of the
pregnancies terminated without any interference. Four pregnancies, which were referred to
hospital after identifying congenital abnormalities, were terminated while two were intrauter-
ine fetal death. Subsequently, we followed 675 fetuses throughout the pregnancy up to birth
(Fig 2).

At birth, we took birth weight for 610 new-borns within 72 hours of delivery. However,
birth weight for 65 new-borns were not taken. Three of them were stillbirths. Four of the new-
borns weight measurements were not taken in 72 hours of birth and were thus excluded. In
addition, 58 of the pregnant mothers left the study area at the time of delivery.
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1,054 women screened

A\

327 did not meet inclusion criteria

727 women included

23 left study area

704 followed

Excluded because of foetal causes
g K Cc ital abnormality: 4
. Intrauterine foetal death: 2

Excluded because of maternal causes
. Multiple pregnancy: 12
. Spontaneous abortion: 11

675foetuses

65 birth weight not taken

. 3 still births

. 4 measurements not taken in 72 hours of
I birth

610 birth weight taken . 58 temporarily relocated for delivery

56 children excluded

. 15 infant deaths

. 13 not at home at time of data collection

. 18 temporarily migrated at time of data
collection

. 10 birth weight of extreme outliers

554 Children with birth weight and growth
measurements at 11-24 months of age

Fig 2. Flow chart of study participants from fetal to postnatal period at age of 11-24 months, Adami Tullu
district (2018).

https:/doi.org/10.1371/journal.pone.0272620.g002

After birth, we took weights and lengths of 554 children at age of 11-24 months. Forty-six
children did not have weight and length measurements. There were 15 infant deaths reported.
Thirteen children were not at home at the time of data collection. Eighteen children migrated
out of the study area at time of data collection. Furthermore, 10 children were excluded from
the analysis because their recorded birth weight fell in the extreme outlier range (Fig 2).

The households and maternal characteristics of the study participants are shown in Table 1.
The mean family size of the study participants was 5.6 individuals per household. Two hundred
eight nine (52.7%) of the mothers did not have formal education. Among the mothers, 267
(48.3%) were 15-24 years old and 248 (44.8%) were 25-34 years old. The mean parity was 2.8,
and 350 (63.2%) had a history of two or more births. Most of them (523, 94.4%) were housewives.
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Table 1. Household and maternal characteristics of the pregnant mothers at first measurement Adami Tullu district, 2018.

Variables n % Median Inter quartile range (IQR)
Household Characteristics
Family size 554 5.6 23
Household wealth 550 3335
Poor 175 31.8
Middle 185 33.6
Rich 190 34.6
Maternal Characteristics Mean | Standard Deviation
Height 547 157.3 6.4
Age in years (n = 553) 25.0 5.4
15-24 267 48.3
25-34 248 44.8
> 35 38 6.9
Median Interquartile range (IQR)
Gravida (n = 554) 4.0 4
1 82 14.8
2-5 307 55.4
>6 165 29.8
Parity (n = 554) 2. 4
0 95 17.1
1 109 19.7
2-5 266 48.0
>6 84 15.2
Occupation (n = 554)
Housewife 523 94.4
Others 31 5.6
Education (n = 548)
No formal education 289 52.7
Primary 145 26.5
Junior Secondary 67 12.2
Secondary 47 8.6

https://doi.org/10.1371/journal.pone.0272620.t001

We observed a larger family size for mothers who had no formal education (179 (61.9%))
and a lower family size for mothers who had secondary education (12 (25.5%)). Family size
was higher for mothers who are housewives (268 (51.2%)) than those who had other occupa-
tions (9 (29.0%)). Among the mothers who had no formal education, 95.5% were housewives
and 4.5% had other occupations. While among mothers who had secondary education, 85.1%
were housewives and 14.9% had other occupation.

Characteristics of children during pregnancy, birth, and postnatal follow-
ups
Table 2 shows characteristics of the cohort of 554 children during fetal, neonatal, and 11-24
months of follow-ups after birth. Overall, we obtained 1,479 ultrasound prenatal biometric
measurements. We took 515 ultrasound measurements during 24-28 weeks, 501 ultrasound
measurements during 29-33 weeks and 463 ultrasound measurements during 34-38 weeks of
pregnancy.

Table 3 shows the characteristics of the cohort of children during neonatal and postnatal
follow-ups. The mean birth weight of the new-born was 3,240.7gm (SD 481.0), and 324
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Table 2. Fetal characteristics during pregnancy, Adami Tullu district, 2018.

Variable n Mean Standard Deviation
Biparietal Diameter (mm) (n = 1,479%) 77.2 9.7
24-28 weeks 515 66.5 3.4
29-33 weeks 501 77.6 3.9
34-38 weeks 463 88.6 3.7
Head Circumference (mm) (n = 1,479*) 286.5 31.8
24-28 weeks 515 250.3 10.7
29-33 weeks 501 288.8 11.5
34-38 weeks 463 324.2 8.1
Abdominal Circumference (mm) (n = 1,479%) 259.4 40.7
24-28 weeks 515 215.0 12.2
29-33 weeks 501 258.6 15.6
34-38 weeks 463 309.4 13.1
Femoral Length (mm) (n = 1,479%) 59.2 8.8
24-28 weeks 515 49.6 2.7
29-33 weeks 501 59.1 3.1
34-38 weeks 463 69.9 2.8

n: number, mm: millimeter

*: number of biometric measurements.

https://doi.org/10.1371/journal.pone.0272620.t002

(58.5%) of them were male. Among neonates, 35 (6%) had low birthweight, and 29 (5.2%)
were born before 37 weeks of gestation.

Growth measurements of height and weight were taken for 554 children at 11-24 months
of age. The mean age of the children was 17.2 (SD 3.3) months. Among the 554 children, 301

Table 3. Child characteristics at birth and 11-24 months after birth, Adami Tullu district, 2018.

Variable n % Mean Standard Deviation
Birthweight (n = 554) 3,240.7 481.01
< 2,500 gm 35 6.3
> 2,500 gm 519 93.7
Gestational age at birth (n = 553)
< 37 weeks 29 5.2
> 37 weeks 524 94.8
Sex (n = 554)
Male 324 58.5
Female 230 41.5
Post-natal age in months (n = 554) 17.2 33
11-16 231 41.7
>16-20 196 354
>20-24 127 22.9
Length-for-age (n = 554) -2.092 1.521
< -2 z-score 301 54.3
> -2 z-score 253 45.7
Weight-for-length (n = 554) 0.342 1.742
< -2 z-score 59 10.6
> -2 z-score 495 89.4

n: number, gm: gram

https://doi.org/10.1371/journal.pone.0272620.t003
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(54.3%) were stunted, and 59 (10.6%) had wasting. The prevalence of wasting was lower in the
age group greater than 20 months (8.7%) as compared to children 11-24 months of age
(11.3%). The difference was not statistically significant (95% CI, -0.37, 0.32, P-value = 0.885).

However, stunting was higher (64.6%) among children 20 and above months of age than
among children 11-20 months (%). The difference was statistically significant (95%CI, 0.20,
0.79 P-value = 0.001).

Factors associated with birthweight

Associations between birth weight and measures of fetal ultrasound growth (HC, BPD, AC
and FL) during the different times throughout pregnancy are shown in Table 4. The BPD
ultrasound measurement at 24-28 weeks [B = 23.41 95% CI: (0.60, 46.22) P-value = 0.444], HC
ultrasound measurement [B = 9.72 95% CI: (0.82, 18.63) P-value = 0.032], and abdominal cir-
cumference [B = 7.82 95% CI: (3.72, 11.91) P-value = 0.001] at the 34-38 weeks were signifi-
cantly associated with birth weight. Similarly, an increase in parity [B = 34.31 95% CI: (9.99,
58.63) P-value = 0.006], educational status [ = 17.34 95% CI: (4.28, 30.40) P-value = 0.009]
and gestational age at birth [B = 65.58 95% CI: (41.45, 89.72) P-value = 0.001]
with increased birth weight.

For birth weight, a mixed-effects linear model was fitted and the Intra cluster correlation
(ICC) was estimated as the ratio of the between-kebele variance to the total variance that

were associated

Table 4. Multilevel, mixed-effects regression coefficients for associations of household, maternal, and fetal characteristics with birthweight of children in Adami

Tullu district, 2018.
Variables 24-28 weeks 29-33 weeks 34-38 weeks

B (95% CI) P-Value |B (95% CI) P-Value |B (95% CI) P-Value
Fixed effects

Family size (number)

-3.81(-22.73,15.11) 0.693 7.33 (-13.18, 27.84) 0.483 -0.09 (-21.09, 20.91) 0.993

Household wealth status (index)

-0. 05 (-0.26, 0.12) 0.620 -0.06 (-0.28, 0.15) 0.564 0.0007 (-0.22, 0.24) 0.951

Maternal age (year)

-263 (-12.31, 7.052) 0.595 -1.77 (-11.73, 8.18) 0.727 2.66 (-7.55,12.87) 0.610

Maternal education (grade)

17.34 (4.28, 30.40) 0.009 13.39 (-0.64,27.42) 0.061 15.30 (0.91,29.68) 0.037

Maternal height (cm)

2.93 (-2.22,11.53) 0.350 2.96 (-3.72,9.64) 0.385 0.17 (-6.53, 6.89) 0.959

Parity (number)

34.31(9.99, 58.63) 0.006 17.43(-8.38,43.24) 0.186 21.77 (-5.18,48.71) 0.113

Maternal occupation other than housewife

(type)

-20.23 (-198.10 157.63) 0.824 -134.29 (-330.89, 2.31) 0.181 -10.54-47.68 (-232.99, 0.614

137.63)

Head circumference (mm)

-6.95 (-14.99, 1.10) 0.091 -315 (-10.60, 4.31) 0.408 9.72 (0.82,18.63) 0.032

Biparietal diameter (mm)

23.41(0.60, 46.22) 0.044 9.69 (-10.54, 29.93) 0.348 16.99 (-35.20, 1.21) 0.067

Abdominal circumference (mm)

2.89 (-1.28,7.07) 0.175 5.79(2.05, 9.54) 0.002 7.82(3.72,11.91) 0.001

Femoral Length (mm)

6.67 (-12.15, 25.49) 0.488 -12.36 (-30.62, 5.90) 0.185 -0.73 (-18.38,16.92) 0.935

Gestational age at birth (week)

65.58 (41.45, 89.72) 0.001 61.48 (36.003, 86.951) 0.001 32.93 (4.36, 61.50) 0.024

Sex

-46.90 (-129.06, 35.26 0.263 -33.69 (-118.92, 51.54) 0.439 -36.49 (-125.95, 52.98) 0.424

Random-effects parameters

SE SE SE

Kebele (constant)*

18117.5 (5988.5, | 10233.11 21914.57 (6726.98, | 6726.98 | 22694.5 (7471.88, 68930.47) | 12864.03
54811.7) 71391.37)

* Variation in birth weight among kebeles (Intra-cluster correlation coefficient: ICC (p) = 0.11)

p: tho

SE: Standard error

CI: Confidence Interval
B: coefficient

cm: centimeter

mm: millimeter

https://doi.org/10.1371/journal.pone.0272620.t004
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accounts for the relatedness of birthweight data by comparing the variance within kebeles with
the variance between kebeles. The estimated ICC (p) for birth weight was estimated to be 0.11.

Factors associated with linear child growth

Table 5 shows the associations between intrauterine growth as measured by ultrasound (HC,
BPD, AC and FL) during the different times throughout pregnancy and linear child growth as
measured by length-for-age z-score at 11-24 months of the child age. The linear child growth
was significantly associated with femoral length measured by ultrasound during 24-28 weeks
[B=0.06 95% CI: (0.01, 0.12) P-value = 0.016], gestational age at delivery [8 = 0.07 95% CI:
(0.004, 0.142) P-value = 0.038] and 11-24 months child age after birth [B = -0.09 95% CI:
(-0.13, -0.05) P-value = 0.001]. An increase in one millimeter of femoral length for 24-28
weeks was associated with a 0.06 increase in length-for-age z-score. An increase in one week of
gestational age was associated with a.07 increase in LAZ. Length-for-age was also significantly
associated with child age. An increase of child age by one month was associated with 0.11cm
decrease of child LAZ. We also found a significant association between family size and length-
for-age z-score [B = 0.09 95% CI: (0.04, 0.15) P-value = 0.001]. Child LAZ increased with
increasing family size.

Table 5. Multilevel, mixed-effects regression coefficients for associations of household, maternal, fetal, and child characteristics with length-for-age z-score among
children aged 11-24 months in Adami Tullu district, 2018.

Variables 24-28 weeks 29-33 weeks 34-38 weeks

B (95% CI) P-Value | (95% CI) P-Value | (95% CI) P-Value
Fixed effects
Family size (number) 0.09 (0.04, 0.15) 0.001 0.09 (0.04, 0.15) 0.001 0.07 (0.01, 0.13) 0.016
Household wealth status (index) -0.0002 (-0.0008, 0.0003) 0.422 | -0.0002 (-0.0008, 0.0004) 0.517 | -0.0004 (-0.0010, 0.0003) 0.251
Maternal age (year) -0.002 (-0.028, 0.025) 0.908 -0.01 (-0.04, 0.02) 0.503 -0.01 (-0.04, 0.02) 0.605
Maternal education (grade) -0.01 (-0.05, 0.03) 0.612 0.001 (-0.04, 0.04) 0.949 -0.01 (-0.04, 0.03) 0.810
Maternal height (cm) 0.001 (-0.02, 0.02) 0.945 0.001 (-0.02, 0.02) 0.945 0.01 (-0.01, 0.03) 0.303
Parity (number) -0.03 (-0.10, 0.04) 0.396 -0.01 (-0.08, 0.06) 0.761 -0.01 (-0.08, 0.07) 0.843
Maternal occupation other than housewife (type) 0.13 (-0.35, 0.62) 0.594 -0.25 (-0.78, 0.28) 0.351 0.03 (-0.47, 0.53) 0.906
Head circumference (cm) -0.02 (-0.041, 0.003) 0.100 -0.002 (-0.02, 0.02) 0.840 -0.01 (-0.03, 0.02) 0.472
Biparietal Diameter (cm) -0.01 (-0.07, 0.06) 0.868 -0.001 (-0.06, 0.05) 0.969 0.02 (-0.03, 0.07) 0.482
Abdominal circumference (cm) 0.002 (-0.009, 0.014) 0.681 0.003 (-0.007, 0.013) 0.531 0.01 (-0.01, 0.02) 0.407
Femoral length (cm) 0.06 (0.01, 0.12) 0.016 -0.01 (-0.05, 0.04) 0.842 0.02 (-0.02, 0.07) 0.339
Gestational age at birth (week) 0.07 (0.004, 0.142) 0.038 0.04 (-0.03, 0.11 0.236 0.04 (-0.04, 0.12) 0.349
Birth weight (gm) -0.0002 (-0.0004, 0.0001) 0.179 | -0.0001(-0.0004, 0.0001) 0.370 | -0.0001 (-0.0004, 0.0001) 0.393
Sex -0.19 (-0.42, 0.03) 0.096 -0.013 (-0.36, 0.10) 0.270 -0.07 (-0.32, 0.17) 0.565
Child age (month) -0.09 (-0.13, -0.05) 0.001 -0.10 (-0.14, -0.06) 0.001 -0.11 (-0.15, -0.08) 001
Random-effect parameters SE SE SE
Kebele* 0.634 (0.28, 1.44) 0.264 0..664 (0.292, 1.508) 0.278 0.612 (0.268, 1.399) 0.258
* Variation in length-for-age among kebeles (Intra-cluster correlation coefficient: ICC (p) = 0.30)
p: tho
SE: Standard error
CI: Confidence Interval
B: coefficient
cm: centimeter
mm: millimeter
https://doi.org/10.1371/journal.pone.0272620.t005
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Table 6. Multilevel, mixed-effects regression coefficients for association of household, maternal, fetal, and child characteristics with weight-for-length z-score
among children aged 11-24 months in Adami Tullu district, 2018.

Variables 24-28 weeks 29-33 weeks 34-38 weeks

B (95% CI) P-Value |B (95% CI) P-Value |B (95% CI) P-Value
Fixed effects
Family size (number) -0.10 (-0.16, -0.03) 0.006 -0.10(-0.17, -0.03) 0.005 -0.07 (-0.145, 0.002) 0.055
Household wealth status (index) 0.0005 (-0.0002,0.0013) | 0.171 0.0007 (-0.00002,0.00150) | 0.055 0.0006 (-0.0002, 0.0014) | 0.113
Maternal age (year) 0.01 (-0.03,0.04) 0.773 0.004 (-0.03,0.04) 0.831 -0.002 (-0.04,0.03) 0.930
Maternal education (grade) -0.01 (-0.06, 0.03) 0.587 -0.02 (-0.07,0.03) 0.465 -0.01 (-0.06,0.04) 0.657
Maternal height (cm) 0.03 (0.01, 0.05) 0.011 0.03 (0.003, 0.049) 0.025 0.02 (0.001,0.047) 0.042
Parity (number) -0.03 (-0.12, 0.05) 0.461 -0.03 (-0.12, 0.06) 0.547 -0.02 (-0.12,0.07) 0.625
Maternal occupation other than housewife (types) | -0.43 (-1.06, 0.21) 0.189 -0.37 (-1.05, 0.31) 0.287 -0.38(-1.02, 0.26) 0.246
Gestational age at birth (week) 0.02 (-0.07, 0.11) 0.722 0.04 (-0.05, 0.13) 0.427 0.02 (-0.08, 0.12) 0.736
Birth weight (gm) 0.0003 (-0.0001, 0.0006) | 0.113 0.0002 (-0.0001, 0.0005) 0.297 0.0002 (-0.0001, 0.0005) | 0.208
Sex -0.07 (-0.36, 0.23) 0.651 -0.07 (-0.37, 0.22) 0.628 -0.12 (-0.43, 0.19) 0.464
Child age (month) -0.01 (-0.05,0.04) 0.821 0.03 (-0.02, 0.08) 0.254 0.03 (-0.02,0.08) 0.294
Random-effects parameters SE
Kebele* 0.697 (0.29, 1.66) 0.309 0.793 (0 .337, 1.870) 0.347 0.649 (0.270, 1.558) 0.290

* Variation in weight-for-height among kebeles (Intra-cluster correlation coefficient: ICC (p = 0.22)
p: tho

SE: Standard error

CI: Confidence Interval

B: coefficient

cm: centimeter

gm: gram

https:/doi.org/10.1371/journal.pone.0272620.t006

For length-for-age z-score, a mixed-effects linear model was fitted and the Intra cluster cor-
relation (ICC) was estimated as the ratio of the between-kebele variance to the total variance.
The estimated ICC (p) for length-for-age z-score was 0.30.

Factors associated with weight-for-length Z-score

Weight-for-Length Z-score was associated with family size and maternal height in multivariate
multilevel, mixed-effect linear regression analyses. Children from smaller family size had bet-
ter WLZ [B =-0.01 95% CI: (-0.16, -0.03) P-value = 0.006] (Table 6). Similarly, an increase in
maternal height had significant association with WLZ [8 = 0.03 95% CI: (0.01, 0.05) P-

value = 0.011]. Nonetheless, in our study WLZ was not associated with intrauterine fetal
growth factors.

Discussion

In this prospective cohort study, we found that fetal factors, duration of pregnancy, child age,
maternal height and family size were the main predictors of linear child growth measured by
LAZ and WLZ in children aged 11-24 months. Both birth weight and LAZ were influenced by
early intrauterine fetal growth. Fetal growth during late pregnancy influenced birth-weight
only. However, in our study intrauterine fetal growth did not show any influence on WLZ.
Moreover, we observed a large variation in LAZ and WLZ between villages (kebeles).The influ-
ence of environmental factors is more on the child linear growth than the birth weight. Our
study also found that fetal, pregnancy, and maternal factors were significantly associated with
birthweight z-score.
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Some of the predictor factors (the fetal factor, gestational age at birth and child age) for
LAZ that we identified in our study were non-modifiable factors. However, the association
with family size, maternal education and area of residence emphasize the importance of modi-
fiable household factor and long-lasting consequences for children’s growth. The risk factors
we found to have associations with linear growth faltering in our study were also identified in
previous studies. The finding of an association between an increase in femoral length with
increasing LAZ in our study is similar to the finding from a prospective cohort study that
showed a highly significant correlation of femoral length with child growth (LAZ) [31]. An
increase in LAZ with increasing gestational age at birth in our study is also similar to a study
from prospective cohorts of young children in Ghana, Malawi and Burkina Faso that found
gestational age at birth to be strongly associated with child linear growth [13].

The other predictor variable that we found to affect LAZ was child age. LAZ decreased with
an increase in child age, which is similar to the finding of a study from 125 demographic health
survey conducted in 57 countries that reported a decline of LAZ with increasing child age
from birth until 21 months [32]. This can be explained by the fact that growth in early life is
rapid and it decreases as the child ages [33, 34]. The other finding in our study is the associa-
tion of family size with the linear growth of the children. In children from larger family size,
the LAZ was better while the WLZ was lower. The finding of lower WLZ in larger family size
was also reported in a previous study from Bangladesh [35]. A possible explanation may be
that inadequate dietary intake among children, because of larger family size, increases the risk
of wasting that tends to peak in early childhood, at the age of about 12 months [36, 37]. How-
ever, the evidences from previous studies on the association between family size and LAZ were
not conclusive. Some have reported that child growth faltering in LAZ is less likely in those
from smaller family size [36, 38, 39]. While another study, that is consistent with the finding of
our study, reported that child growth faltering in LAZ is less likely in those from larger family
size [40]. Wasting was also associated with maternal height in the current study where those
children of taller mothers were less likely to have wasting. This is in line with evidence reported
from the previous studies that showed maternal height as one of the risk factors identified for
impaired growth in children [35, 41].

Some of the factors associated with birth weight in our study were similar to findings of
other studies. Studies conducted in Indonesia showed that maternal education, gestational age
at birth, and sex were found to be determinants of birthweight [42, 43]. Similarly studies from
India [44] and Nepal [45] found significant associations between gestational age at birth and
birthweight. Our study also found that biparietal diameter at early pregnancy and head and
abdominal circumference at late pregnancy were significantly associated with birthweight.

The strength of our study was that we enrolled our cohort of women during pregnancy and
followed their fetuses and children prospectively for 11-24 months postpartum. This allowed
us to examine risk factors throughout pregnancy and early childhood. The study has demon-
strated a temporal relationship of the exposure and outcome. The prospective design allowed
to draw associations between exposure variables that we measured at earlier time during preg-
nancy or at birth and those measured later during early childhood, the outcome. It has shown
the influence of intrauterine growth during pregnancy or at birth on the child linear growth.
The study has also demonstrated a dose-response relationship. For instance, an increase in
femoral length was associated with increasing LAZ. Measurement of serial biometry using
ultrasound by the primary author that was done to characterize fetal growth could minimize
inter observer reliability bias.

This study has some limitations. Firstly, we did not measure factors such as dietary, infec-
tions, access to healthcare, or environmental factors that may affect LAZ. Secondly, we did not
collect data on some of the risk factors of wasting including infection, micronutrient
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deficiencies, and child feeding practices, community sanitation, and access to healthcare.
Thirdly, we found a higher male to female proportion in our study compared to a previous
study in the same area [22]. The male dominance in our study is an unexpected finding and
this introduces selection bias. However, this may not have affected our analysis on linear
growth as we have adjusted for sex distribution in the multivariate analysis. Fourthly, the final
sample size used in this study was less than the calculated minimum sample size at the begin-
ning of the study because of exclusion at different stages that may have resulted in non-signifi-
cance association with the confounding variables. We calculated statistical power for the
variables and all of them except wealth status had low power. This may indicate that the lack of
association might be due to low statistical power of the variables.

In conclusion, our study shows that fetal growth, duration of pregnancy, child age, maternal
height, and family size influence linear growth of children. Environmental factors that are
associated with the area of residence play a bigger role for linear growth than for birth weight.
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Abstract

Background: Antenatal health care utilization has the potential to influence maternal and new-born health. In this
study, we assessed compliance of antenatal care utilization with national and World Health Organization (WHO)
guidelines. We also examined association of antenatal care utilization with adverse pregnancy outcomes as secondary
outcome.

Methods: This was a community-based cross sectional study conducted from July 2016 to November 2017 in rural
south-central Ethiopia. We described antenatal care received by pregnant women, whom we followed at three
prescheduled visits during pregnancy and collected birth data at time of delivery. Extent of antenatal care content
received, timing of antenatal care, place of antenatal care and place and mode of delivery were obtained and com-
puted in accordance with national and WHO guidelines. For adverse pregnancy outcomes, computed as sum of low
birth weight, preterm birth, intrauterine foetal death, and stillbirth, the exposure variable used was antenatal care
utilization.

Results: Seven hundred and four (704) women participated in the study, and 536 (76.1%) had attended at least one
antenatal care visit. Among women who attended antenatal care visit, majority, 421 (79.3%), had done so at health
centres and hospitals, while 110 (20.7%) attended at health post. Average number of antenatal care visits was 2.5,
which is less than that recommended in national and WHO guidelines. Only 18 (2.6%) women had attended antenatal
care in their first trimester, which is low in contrast to the expected 100% specified in the guidelines. Less than half
(47%) of the women delivered in a health facility. This is in contrast to the 100% expected health institution deliveries.
Low birth weight was 7.9% (n=48), and preterm birth was 4.9% (n=31). There were 12 twin pregnancies, three still-
births, 11 spontaneous abortions, and two intrauterine foetal deaths. We did not find significant association between
adverse pregnancy outcomes and antenatal care utilization (COR=1.07, 95% C| 0.62, 1.86).

Conclusion: This study showed that antenatal care service utilization in the study area was markedly low compared
to that recommended in national and WHO guidelines. The obtained antenatal health care utilization was not associ-
ated with the registered adverse pregnancy outcomes.

Keywords: Antenatal care, Pregnancy outcome, Adverse pregnancy outcome, Compliance, Ethiopia
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need arises [1]. Antenatal care (ANC) provides an oppor-
tunity for influencing the future health and well-being
of pregnant women, foetuses, and neonates. It assists to
identify high-risk women to facilitate timely management
during pregnancy and child birth [2].

According to the 2016 Ethiopian Demographic and
Health Survey, maternal mortality ratio for Ethiopia was
412 maternal deaths per 100,000 live births. The propor-
tion of women who received ANC from a skilled provider
was 62% in 2016. Thirty-two percent of women had at
least four ANC visits during their last pregnancy. Institu-
tional deliveries was 26% in 2016. Thirteen percent of the
new-borns had low birth weight [3].

Ethiopia has emphasised strengthening the provision of
ANC services at all levels in the health system to facilitate
the improvement of positive pregnancy outcomes [4].
The country’s health service is currently structured into
a three-tier system: primary, secondary, and tertiary lev-
els of care. Primary hospitals, health centres, and health
posts are included under the primary level of care, while
the secondary level comprises general hospitals serving 1
to 1.5 million people. Tertiary level health care is com-
posed of specialized hospitals that provide services for
3.5 to 5 million people [5].

Ethiopia is implementing the World Health Organiza-
tion (WHO) focused ANC (FANC) model at all health
facilities. FANC is a goal-orientated approach to deliver-
ing ANC service four times during pregnancy. Women
with low risk pregnancies need to have ANC visits at
gestational ages between 8 and 12weeks, between 24
and 26 weeks, at 32 weeks, and between 36 and 38 weeks.
Women with high-risk pregnancies and those who
develop pregnancy complications are required to have a
greater number of ANC visits [4, 6].

According to the guidelines for ANC in Ethiopia, every
pregnant woman is expected to receive ANC from a
skilled provider. This includes a comprehensive physi-
cal examination, blood tests for screening of anaemia
and infection, a urine test, tetanus toxoid injections, iron
and folate supplements, and medications for deworm-
ing [4]. Community-based HEWSs in their respective
kebeles deliver the ANC service at health posts, which is
part of the first level of primary health care unit. How-
ever, HEWs do not provide the services of blood pressure
measurement, blood tests for screening of anaemia or
infection (except for malaria), blood glucose level tests,
and urine tests at the health posts. The HEWs do, how-
ever, also identify pregnant women in their catchment
areas and link them to health centres and hospitals.

Several studies have examined the usefulness of ANC
on the uptake of safe delivery care, and the reduction
of maternal and infant mortality [7, 8]. An interven-
tion study from southern Ethiopia showed that ANC is
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important to reduce maternal complications, maternal
death, and neonatal deaths [9]. In Ethiopia, a national key
indicator survey from 2016 reports that the ANC service
utilization was 62% [8]. Moreover, only 20% of women
had their first ANC during the first trimester. The pro-
portion of women who had four ANC visits during their
pregnancy was only 32% [10].

Studies from several countries have found that poor
ANC attendance is an important risk factor for adverse
pregnancy outcomes [11, 12]. As the number of ANC vis-
its decreases, there was an increase in the risk of preterm
birth and stillbirth [13-16]. Women who had no ANC
follow-up and those who had an ANC visit less than four
times during pregnancy were also found to have a low
birth weight (LBW) baby [14, 17, 18].

Although the above studies report potential benefits of
ANC on pregnancy outcomes, they possess several limi-
tations. They were most often cross-sectional or retro-
spective studies or reports not published in peer-review
journals. Covariates, such as wealth status, that may
affect the outcome were not included in the analysis of
these studies. In addition, scientific arguments on the
association between ANC and pregnancy outcomes have
continued and are unresolved. For instance, a review arti-
cle on randomized trials and meta-analysis did not find
any relationship between ANC follow-up and preterm
birth [19-22].

The objective of this study was to assess the compliance
of ANC utilization with national and WHO guidelines in
rural south-central Ethiopia. In addition, we assessed if
adverse pregnancy outcomes, including intrauterine foe-
tal death, stillbirth, low birth weight and preterm birth,
were associated with higher use of antenatal services.

Methods

Study design and settings

This cross sectional study was conducted in a rural
community of south-central Ethiopia from July 2016
to November 2017. The data were gathered as part of a
cohort study to monitor intrauterine growth and the
association between intrauterine growth and linear
growth of children [23, 24]. We assessed the compli-
ance of ANC utilization with national [4] and WHO [6]
guidelines, and examined the association between the
utilization of antenatal health care services and adverse
pregnancy outcomes. The present study is a part of a
larger project on intrauterine growth and child growth in
Ethiopia. Details of the methods of this study have been
described elsewhere [23, 24].

This study was carried out in the Adami Tullu district
in the East Shewa Zone of the Oromia Regional State in
Ethiopia. In 2015, the projected population of the district
was 177,390 people [25]. The livelihood of the majority
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of the population depends on subsistence agriculture or
cattle-rearing, while some depend on fishing at a nearby
lake, Lake Zeway [25].

There were 104 health extension workers (HEWSs)
in 43 health posts in the district in 2016. Based on the
national Health Extension Program (HEP) that was
launched in 2007, each of the 48 kebeles (lowest admin-
istrative level) in the district is intended to have at least
one health post staffed by two female HEWSs reporting
to the health centre. The HEWs deliver key promotion
and preventive health services through static and out-
reach programs. One of the services is family health care,
which includes the promotion and provision of family
health services, ANC, delivery services, postnatal care,
family planning, and immunizations [26]. There was one
public hospital, one non-governmental organization hos-
pital, and 12 public health centres in the district in 2016.
The health centre is primarily staffed by public health
officers, nurses, midwives, pharmacists, and laboratory
technicians.

Study population

We recruited pregnant women at less than 24weeks
of gestation from July 2016 to June 2017 from all preg-
nant women living in the study area. The study partici-
pants were followed during pregnancy until the time of
delivery. The pregnant women were having routine ANC
at the health facilities. During the scheduled visits, we
measured blood pressure, height and weight of the preg-
nant women, performed haemoglobin tests, and followed
intrauterine foetal growth using ultrasound at the study
sites. This was a part of a project and was performed in
addition to any examinations at the routine ANC.

Sample size estimation

We used the sample size calculated for another study on
intrauterine foetal growth. The details of the sampling
assumptions are described in detail elsewhere. In brief, a
total sample size of 716 was calculated to estimate birth
weight as an outcome measure [23].

In addition, we also tried to check the adequacy of the
sample size for this specific paper. We estimated about
587 cases were required to detect difference in propor-
tion of low birth weight among women who were attend-
ing ANC (13.2%) and those were not attending ANC
(23.5%) [27].

Variables

Outcome variables

Antenatal care utilization was collected by interview-
ing each pregnant woman at each visit. For those who
had attended antenatal care, they were asked to state the
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number of antenatal visits that they had attended. The
pregnancy outcomes measured were low birth weight,
preterm birth, intrauterine foetal death, and stillbirth.

Low birth weight was categorized as “yes” or “no”.
“Yes” was defined as a birth weight <2500g, and “no” was
defined as a birth weight >=2500g, as they are defined by
the WHO. Preterm birth was defined as delivery at a ges-
tational age of less than 37 weeks [28]. Intrauterine foe-
tal death was defined as a foetus with no signs of life in
utero on ultrasound examination. Stillbirth was defined
as a baby born with no signs of life, such as beating of the
heart, pulsation of the umbilical cord, or definite move-
ment of voluntary muscles [29]. Adverse pregnancy out-
comes in the statistical analysis are a composite variable
that summarizes low birth weight, preterm birth, intrau-
terine foetal death, and stillbirth. Adverse pregnancy out-
come was categorized as “yes” or “no”; “yes” if there were
any of the adverse pregnancy outcomes, and “no” if none
of them were present.

Exposure variables

Antenatal care utilization was one of the exposure vari-
ables. ANC use was categorized as “yes” or “no”; “yes” if
the woman attended ANC, and “no” if she did not attend
ANC.

Maternal characteristics (i.e., age, occupation, wealth
status, height, education, gravida, parity, haemoglo-
bin, and systolic and diastolic blood pressure) were also
obtained.

Data collection

Women in the reproductive age group were invited to
participate in the study in selected kebeles by data col-
lectors going house-to-house. Potential pregnancy
was identified by using a pregnancy checklist [30] or as
reported by the woman. Once pregnancy was suspected,
the women were sent to a nearby health post or estab-
lished study centre, where an ultrasound was performed
to confirm the presence of pregnancy. All pregnant
women with a gestational age of less than 24 weeks were
invited to participate in the study. After the women had
given written informed consent and were enrolled in the
study, the pregnant women were given a card with an
identification number and dates for three prescheduled
consecutive visits at 26, 30, and 36 weeks of gestation at
the data collection sites. More details are described in a
previous publication [23].

Data at these three visits were mostly collected at health
posts where routine ANC is provided. For those women
who lived more than one kilometre away from the health
post, a temporary station was established for the purpose
of the study, in communication with the respective kebele
managers. Trained data collectors (nurses) who were
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overseen by trained supervisors collected data on socio-
demographic variables, past and present obstetric his-
tory, and health care service utilization. The supervisors,
in addition, were communicating with respective author-
ities: woreda (district) health offices, kebele administra-
tive offices, and HEWSs at health posts. The HEWs were
involved in facilitation of the data collection, as well. The
pregnant women were advised to follow the routine ANC
service provided during pregnancy at nearby health facil-
ities. When any abnormal finding of the pregnant woman
or the foetus was detected during data collection, they
were referred to a nearby hospital.

A structured and pre-tested tool was used to collect
data. The data were collected at enrolment and at each
visit by 13 nurses whom we trained on data collection for
the study. They conducted interviews, and took mater-
nal and new-born anthropometric measurements. The
nurses were given skill-based training on how to take
anthropometric measurements prior to the data collec-
tion. The first author, who is a midwife and public health
professional, was trained and performed the ultrasound
examinations.

At enrolment, maternal anthropometric, obstetric, and
sociodemographic data were collected. At the subse-
quent scheduled visits, we collected data on ANC utili-
zation, pregnancy status, anthropometric measurements,
blood pressure, ultrasound examinations, and haemoglo-
bin measurements. At birth, we collected data on date of
delivery, birth weight, and pregnancy outcome. We fol-
lowed all of the study participants, except those loss to
follow-up (3.2%), until delivery.

Antenatal care service utilization

We interviewed each pregnant woman at each visit, irre-
spective of whether or not she had been attending ante-
natal care. Information on antenatal care (ANC) service
utilization was collected at the three periods of follow up
during pregnancy. The three periods were during 24 to
28 weeks of gestation, 29 to 33 weeks of gestation, and 34
to 38 weeks of gestation. At each visit, we asked if she had
attended ANC, the place of the ANC attendance, the iron
and folic acid supplementation (IFAS) received there, and
duration of IFAS. Information on the status of pregnancy
and birth outcome were collected during pregnancy and
at delivery. The nurse data collectors visited those preg-
nant women who were expected to deliver at home after
36weeks of gestation regularly until they gave birth. We
then compared these ANC utilizations with the national
and WHO guidelines.

Measurement of pregnancy outcomes
Data on each outcome of pregnancy were collected
by maternal interview, ultrasound assessment, and at
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delivery. The study was completed when the last enrolled
pregnant woman delivered in November 2017. At
birth, date of delivery and new-born birth weight were
recorded by trained nurses within 72 hours after delivery,
either at home or at a health care facility. Birth weights
were measured using a digital infant weighing scale
(Beurer Digital Baby Scale). Those pregnancies not end-
ing in live birth and with no sign of life at birth were also
recorded. Intrauterine deaths that occurred before birth
were recorded during follow-up of the pregnancies.

We trained the data collectors (nurses) for 2 days,
and the measurement techniques were standardized. To
standardize the measurement techniques for maternal
height, we checked the intra- and inter-tester technical
errors of measurements (TEMs). We gave re-trainings
until the measurement was within the recommended
cut-off points [31]. For height, the intra-tester TEM was
0.38 cm, and the inter-tester TEM was 0.37 cm. We used
a standard wooden board for the measurement of the
height of each woman at enrolment.

Ultrasound measurements

At enrolment, we calculated gestational age and esti-
mated date of delivery based on ultrasound measurement
of biometric parameters, using the Hadlock et al. formula
[32]. To estimate gestational age and expected date of
delivery, we used early sonographic estimation of dat-
ing, as it is reliable when the estimation is done before
24 weeks of pregnancy [33]. The ultrasound machine that
we used throughout the study was the same. The first
author, who was trained by a senior obstetrician, per-
formed all of the ultrasound examinations. Quality and
accuracy of the measurements were validated. The details
are presented in a previous study [23].

Statistical analysis

Data were entered and cleaned using SPSS version 24
(SPSS, Chicago, IL, U.S.A.). Then, they were exported to
Stata software version 15 (Stata Corp., College Station,
TX, US.A.) for further analysis. Descriptive statistics,
frequency, percentage, mean, and standard deviation
were computed.

In this study, the statistical methods used were for a
cross-sectional study as we summarised the outcomes for
the whole duration of the pregnancy. The outcome varia-
bles of low birth weight, gestational age at delivery, spon-
taneous abortion, intrauterine foetal deaths and stillbirth
were assessed, and their proportion was calculated. The
extent of ANC content received, timing of ANC, place of
ANC, and place and mode of delivery were computed in
accordance with the national and WHO guidelines. The
frequency of ANC service utilization was the total visits
each women had during the follow up.
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Adverse pregnancy outcome, a composite variable, was
computed as the sum of low birth weight, preterm birth,
intrauterine foetal death, and stillbirth. Binary logistic
regression analyses was used to identify the association
of antenatal care service utilization on adverse pregnancy
outcome. Crude odds ratio with 95% confidence interval
(CI) was calculated. P-value < 0.05 was considered statis-
tically significant.

Results

Description of the study population

There were 1054 self-reported pregnant women during
the initial screening. From these, 727 met the criteria for
inclusion in the study (Fig. 1). Eleven [11] of them were
found to be not pregnant, and 316 of them were pregnant
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with more than 24weeks of gestation, on ultrasound
examination. Those women who left the study area, i.e.,
23 (3.2%), before the follow-up period were excluded
from the final analysis. We included 704 pregnant women
who were enrolled prior to the 24th week of gestation in
the final analysis (Fig. 1).

From the 704 pregnant women that we followed, 12
had a twin pregnancy, 11 had an abortion, two had an
intrauterine foetal death, and four had congenital abnor-
malities. At delivery, three of the pregnancies ended in
stillbirth. Birthweight was measured within 72hours
of delivery for 610 new-borns, and date of delivery was
recorded for 630 new-borns. Four new-borns had a
known date of delivery, but their birth weight was not
measured within 72hours of delivery. Sixteen [16] of the

24 Normal birth weight
7 Low birth weight

1,054 women assessed for eligibility
327 non-eligible
(¢
727 women recruited g
ol
=5
[¢]
23 left study area =]
—
704 included
11 Spontaneous abortions 12 Multiple pregnancies
2 Intrauterine fetal deaths 42 Deliveries in temporarily relocated
4 Congenital abnormalities locations with unknown gestational
(pregnancy terminated) age and birth weight
3 Stillbirths
v
630 Singleton deliveries E,
610 Known gestational age and birth weight o
16 Known gestational age, temporarily relocated =
4 Known gestational age, birth weight not taken in 72 hrs %
/ ’
48 Low birth weight
41 Term
7 Preterm ) o
31 Preterm birth 551 Singleton deliveries

Fig. 1 Flowchart of study participants included in the recruitment and outcomes of the study
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new-borns of pregnant women who were temporarily
relocated for delivery to another place had a known date
of delivery. Both date of delivery and birth weight were
not known for 42 new-borns of the pregnant women who
were temporarily relocated to another place for delivery.
There were 48 low birth weight new-borns, among whom
seven were preterm births. There were 31 preterm births,
of whom 24 had a normal birth weight (Fig. 1).

Characteristics of study participants

Maternal characteristics

The mean age of the women studied was 25years. Out
of the 704 study participants, 317 (45.0%) could not read
or write, and only 60 (8.5%) of them attended second-
ary education. Their wealth status in the three categories
was almost the same: poor (230 (33.0%)), middle (237
(34.0%)), and rich (231 (33.0%)).

The mean (Standard Deviation (SD)) maternal height
was 157.3 (6.4) cm. We found anaemia in 135 (19.4%)
of the women during pregnancy. One (0.4%) of them
had severe anaemia, 31 (4.4%) had moderate anaemia,
and 103 (14.6%) had mild anaemia. The majority of the
women (540 (76.7%)) were housewives in occupation.
One hundred and forty-one (141 women; 20.0%) of
them were prim-para, and 431 (61.2%) were multipara
(Table 1).

Antenatal care utilization characteristics

Most of the women (536, 76.1%) had attended at least
one ANC follow-up. From those who had been attending
ANC, most (408, 77.1%) had two or more ANC follow-
ups. Among the pregnant women who attended ANC,
only 110 (20.7%) of them reported to have attended at a
health post. From the study participants, 247 (35.1%) got
IFAS during their pregnancy. The majority (143 57.9%))
of them took IFAS for 1 month. Twenty-four (24 (3.4%))
of the pregnant women reported having had a test for
syphilis, and 202 (28.7%) of them reported having had a
test for Human Immunodeficiency Virus (HIV). Three
hundred and fifteen (315 (44.7%)) of the pregnant women
reported having received a tetanus toxoid vaccination
during the current pregnancy.

The proportion of women who attended antena-
tal care in all kebeles was similar, and there was no
significant difference in attendance of antenatal care
(X2=17.03, P-value=0.149) among the kebeles (Sup-
plementary Table 1). Moreover, antenatal care uti-
lization showed no significant difference among
sociodemographic and obstetric characteristics of
women (Supplementary Table 2). When asked about
the intended place of delivery, 480 (76.2%) of the wom-
en’s intention was a health care facility. However, only
293 (46.9%) of the women gave birth at a health care
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Table 1 Maternal characteristics of study participants (n=704)
in the Adami Tullu district, 2018

Variable Frequency (%) Mean (SD)
Maternal characteristics
Maternal age (yr) 25(5)
<20 107 (15.2)
20-24 238(33.8)
25-34 312(443)
35and above 47 (6.7)
Educational level
llliterate 317 (45.0)
Read and write 43(6.1)
Primary 284 (40.3)
Secondary 60 (8.5)
Occupation (type)
Housewife 540 (76.7)
Farmer 120(17.0)
House maid 17 (2.4)
Others 27 (3.9
Wealth status (index)
Poor 230 (33.0)
Middle 237 (34.0)
Rich 231(33.0)
Maternal height (cm) 157 (6)
<150 73(10.5)
150-159 371(53.2)
160 and above 253(36.3)
Gravidae (number)
1 113 (16.1)
2 142(20.2)
3 103(16.1)
4 78(11.1)
5 and above 268 (38.0)
Parity (number)
0 132(188)
1 141 (20.0)
2 101 (14.3)
3 76 (10.8)
4 79(11.2)
5and above 175 (24.9)
Systolic blood pressure (mmHg) 101.7 (10.1)
>=140 1(04)
120-139 28 (4.0)
<120 675 (95.6)
Diastolic blood pressure (mmHg) 66.7 (8.1)
>=90 0(0)
80-89 41(58)
<80 663 (94.2)
Anaemia (haemoglobin in g/dl) 11.9(1.1)
Severe (<7g/dl) 1(04)
Moderate (7-9.9 g/dl) 31 (44)
Mild (10-10.9g/dl) 103 (14.6)
None (> 11g/dl) 569 (80.8)
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facility. A significant discrepancy was found between
their intention and actual place of delivery (X?=22.58,
p=0.001). From those women who had an intention to
deliver at a health facility, approximately 40% of them
delivered at home. Only eight (1.3%) of the women
delivered by caesarean section, while four (0.6%) had
vacuum delivery. The mode of delivery in all of the rest
(98.1%) was spontaneous vaginal delivery. During deliv-
ery, 235 (44.3%) of the women were assisted by tradi-
tional birth attendants (Table 2).

Pregnancy outcome characteristics
Six hundred and ten (610) new-borns were included
for the birth weight estimation. The mean birth weight

Table 2 Characteristics of antenatal care utilization (n=704
pregnant women), Adami Tullu district, 2018

Variable Frequency (%)
Antenatal care follow-up (at least one)

Yes 536 (76.1)

No 168 (23.9)
Frequency of ANC (number)

1 123 (22.9)

2 180 (33.6)

3 204 (38.1)

4 24 (4.5)
Place of ANC visit (type)

Health post 110 (20.5)

Health centre and hospital 426 (79.5)
Iron and folic acid supplementation

Yes 247 (35.1)

No 457(64.9)
Duration of iron and folic acid supplementation

One month 143 (57.9)

Two or more months 104 (42.1)
Intended place of delivery

Home 150 (23.8)

Health institution 480 (76.2)
Place of delivery (type)

Home 333(53.1)

Health institution 293 (46.9)
Mode of delivery (type)

Spontaneous vaginal delivery 609 (98.1)

Assisted delivery 4(0.6)

Caesarean Section 8(1.3)
Assistant at birth (type)

Traditional birth attendant 235 (44.3)

Health professional 269 (50.8)

Friends and/or relatives 19(1.6)

The woman herself 7(13)
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(SD) was 3214 (525) gm. Four hundred and thirteen (413
(67.7%)) had a birth weight of more than 3000g. Dur-
ing the study period, we observed 48 (7.9%) low birth
weight (LBW) (<2500¢) infants and 31 (4.9%) preterm
(<37weeks of gestation) births (Table 3). Seven (14.6%)
of the LBW infants were preterm. Twenty-four [24] of
the preterm births had a normal birth weight. Twelve
(12 (1.7%)) of the pregnancies resulted in live born twins.
From the pregnancies not ending in live birth, 11 (1.6%)
terminated without any intervention before 28 weeks of
pregnancy. There were three stillbirths, four congenital
abnormalities, and two intrauterine foetal deaths.

From 48 low birth weight (LBW) new-borns, 12 of
them had no ANC. Moreover, out of 31 pregnancies with
preterm births, five of them did not have ANC. One of
the three pregnancies that resulted in stillbirths had no
ANC. Among women who had spontaneous termina-
tions of pregnancy, nine of them had no ANC. Two of the
pregnancies who had no sign of life during ultrasound
assessment occurred among pregnant women who did
not have ANC. In addition, two of the four pregnancies
with congenital abnormalities had no ANC (Table 4). The
pregnancies with congenital abnormalities were termi-
nated after they were referred to a hospital.

Table 5 below shows the compliance of antenatal and
delivery service utilization with national and WHO
guidelines. In our study, we found that the average num-
ber of ANC visits was 2.5, which is less than that rec-
ommended by the national and WHO guidelines. Only
18 (2.6%) women attended ANC in their first trimester
(<=12weeks), while it is expected to be 100% according
to the guidelines. As part of our study, we measured the

Table 3 Pregnancy outcome characteristics among 704 women
in the Adami Tullu district, 2018

Variable Frequency Mean (SD)
Birth weight (gm) (n=610) 3214 (525.1)
<2500 48(7.9)
2500-3000 149 (24.4)
Above 3000 413 (67.7)
Low birth weight
Preterm 7(14.6)
Term 41(854)
Gestational age at birth (n=630)
<37 weeks 31(4.9)
>=37weeks 599 (95.1)
Preterm birth
Low birth weight 7(22.6)
Normal birth weight 24 (77 .4)
Twin pregnancy (n=704) 12 (1.7%)
Stillbirth (n=658) 3(0.4%)
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Table 4 Adverse pregnancy outcomes and antenatal care
utilization in the Adami Tullu district, 2018

Adverse pregnancy outcomes Antenatal care use

Yes No

Low birth weight
No 436 126
Yes 36 12
Preterm birth
No 462 137
Yes 26 5
Intrauterine foetal death 0 2
No 536 166
Yes 0 2
Stillbirth 2 1
No 534 167
Yes 2 1

blood pressure of all pregnant women at each visit and
tested them for malaria infection. The guidelines recom-
mend routine measurement of blood pressure for preg-
nant women at each visit. We did not have information
on the actual practices at the health facilities during the
study period. Similarly, we did not collect malaria test
practices at the health facility level.

According to the study participants’ report, a tetanus
toxoid vaccine was given to approximately 45%, an HIV
test was done for 29%, and a syphilis test was done for
only 3.4% of the women. Iron folate was supplemented

Page 8 of 12

for 35% of the women. Even though gestational age is
routinely estimated by measuring fundal height using
a tape measure, as an ultrasound is not available at the
health centres, it was not assessed either in the cur-
rent study or at the health facilities where routine ANC
service is provided. Less than half (47%) of the women
delivered in a health facility, in contrast to the 100%
expected health institution delivery based on the guide-
lines. In this study, the number of stillbirths that we
found was three (0.4%). It was also shown that assisted
delivery (0.6%) and caesarean section delivery (1.3%)
were lower than the expected proportion in the national
and WHO guidelines [4, 6].

The association between adverse pregnancy outcome
and antenatal care service utilization with other explana-
tory variables is shown in Supplementary Table 3 In this
study, adverse pregnancy outcome had no significant
association with antenatal care utilization (COR=1.07,
95% CI1 0.62, 1.86, P=0.806).

Discussion

In this study, the compliance of ANC utilization with
national and WHO guidelines was low. It was also found
that the current focused ANC utilization did not have an
association with adverse pregnancy outcome.

Our results show that the average number of ANC
visits in our study was very low (2.5). Only 32% of the
pregnant women fulfilled the WHO minimum num-
ber of four or more ANC visits. This is lower than the
global low and middle income countries (LMIC) pro-
portion of 55% and a report from Myanmar of 59%

Table 5 Compliance of ANC and delivery services utilization in comparison with guidelines, Adami Tullu district, 2018

Health service/outcome Current study (%) 2021 national Ethiopian WHO
guidelines (%) guidelines
2016 (%)
Antenatal care services No ANC 239
Number of visits (mean) 25 8 8
BP measurement 100 100 100
Iron folate supplementation 35 100 100
TT vaccination? 44.7 100 100
Syphilis test® 34 100 100
HIV test® 28.7 100 100
Antenatal care done First trimester 260 100 100
Second trimester 30.90 100 100
Third trimester 64.10 100 100
Place of antenatal care Health centre and hospital 79.50 100 100
Health post 20.50 0 0
Place of delivery Institutional delivery 47 100 100
Home delivery 53 0 0

? Reported by mothers, BP Blood Pressure, TT Tetanus Toxoid
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[34-36]. Those women who initiated ANC during the
first trimester were also very low (2.6%) compared
to other LMIC, such as Myanmar (47%) [34, 36], and
the WHO guideline that expects all pregnant women
to start ANC follow-up during the first trimester [2].
More than half (53%) of the women gave birth at home,
and 44% of all births were attended by traditional birth
attendants.

Most of the pregnant women (76.1%) in our study had
attended at least one ANC follow-up, while the num-
ber of women with a third and fourth ANC follow-up,
which are very important in detecting early signs of com-
plications, was alarmingly low. This is consistent with
Ethiopian Demographic and Health Survey 2016, which
reported that ANC service utilization was 62%, and the
proportion of women who had four ANC visits during
their pregnancy was only 32% [10]. However, it is lower
than reports from Sub-Saharan Africa, where approxi-
mately 80% of pregnant women attended at least one
ANC visit, and 52% of pregnant women received the
recommended number of four antenatal care visits [37].
The low rate of the fourth ANC follow-up is usually com-
mon in studies undertaken in Ethiopia. Women may not
be able to attend subsequent follow-ups because of dis-
tance, low level of education, and/or poor wealth index
[38—40]. This was also documented in studies from other
low-income countries [41-44].

The Ethiopian health system delivers primary health
care through health centres and their satellite health
posts at the community level, and the services are pro-
vided free-of-charge. However, in this study, we found
that only 21% of the women used ANC services from
health posts which were in their vicinity. A previous
study from Ethiopia also supports this fact, in which
health-care-seeking from health posts was very low, and
health centres were preferred over health posts for ANC
service by pregnant women [45]. This may be related to
the low quality of the services provided and the low trust
of women regarding the expertise of the service providers
(Health Extension Workers (HEWSs)) at the health posts.
According to data from a service availability and readi-
ness assessment in 2016, the availability of items for basic
facilities, infection prevention, malaria diagnosis, and
essential medicines at health posts was low. The general
services readiness index at the health post level was 46%
[46]. Studies on women’s experiences and satisfaction
found that pregnant women’s trust in the skill and com-
petency of HEWs to handle maternal health services was
low [47, 48].

In this study, all adverse outcomes were merged,
including preterm, intrauterine foetal death and stillbirth,
as each of the numbers was small. As a consequence,
these findings should be interpreted with caution, as they
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are not referring to a single adverse outcome. We did not
find a significant difference between those mothers who
visited health facilities for ANC and those mothers who
did not have an ANC follow-up with regard to adverse
pregnancy outcome. This is in contrast to other studies
[49, 50], which found an association between ANC uti-
lization and pregnancy outcomes. However, other stud-
ies have not summarized the adverse outcomes in the
same manner as in the present study, and the previous
studies have higher numbers of adverse outcomes [51].
One possible explanation for the absence of association
between ANC follow-up and pregnancy outcomes could
be the low number of ANC follow-ups in the focused or
“reduced” ANC model. Only 4.5% of the pregnant women
in our study had four ANC visits, while the rest either did
not have an ANC follow-up or had less than four ANC
follow-ups. Evidence shows that the “standard” ANC
model (attending at least eight ANC visits) offers better
pregnancy outcomes and a higher likelihood of receiving
helpful maternal health interventions when compared to
the “focused (reduced) visit” model [52].

Another explanation could be inadequacy in the con-
tent and quality of ANC service provided to the preg-
nant women. A study done on the relationship between
ANC and preterm birth reported a significant associa-
tion between preterm birth and the content and timing of
care [53]. Previous literature on the quality of ANC ser-
vice in public health facilities of Ethiopia showed that the
proportion of pregnant women who received adequate
ANC content was low [54-56]. They found that a large
proportion of the pregnant women missed opportunities
to receive blood pressure or weight measurement, and
iron/folic acid supplementation. One of the studies also
reported poor adherence of the health professionals to
the FANC protocol [54].

The proportion of stillbirths in our study (0.4%) was
very low compared to previous studies in Ethiopia that
reported the proportion of stillbirths to be approximately
4% [55, 57]. The low proportion in our study could be due
to under reporting, as there were pregnant women who
left the study area for whom the outcome of the preg-
nancy was not known.

Strengths and limitations of the study

This study is the first community-based study that fol-
lowed pregnant women from 24 weeks of gestation up
to delivery that was conducted to examine the compli-
ance of antenatal care utilization with national and WHO
guidelines, and the association of antenatal health care
utilization with adverse pregnancy outcomes in Ethiopia.
This contributes to increased knowledge about the impli-
cations of antenatal health service utilisation. The second
major contribution is the availability of population-based
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information on prenatal, social, and demographic char-
acteristics collected using maternal interviews and foetal
ultrasound during pregnancy.

Our study also has certain limitations. The informa-
tion collected on ANC service utilization was what was
reported by the women. We did not cross check their
responses with the medical records. This may introduce
misclassification bias. The proportion of women who had
one ANC in our study (76.1%) is higher than the national
ANC attendance (62%). In addition, the loss to follow up
in our study is small (3.2%). The fact that we screened
women at home, invited them to enter the study, and
advised them to have an ultrasound scan may introduce
exposure or intervention bias. That may have contrib-
uted to the higher ANC attendance and lower loss to
follow up in our study. There are also no reports of dia-
betes mellitus, HIV, and syphilis that might be potentially
contribute for adverse pregnancy outcomes in the study
participants. This may affect the generalizability of the
findings to a maternal population with a different medi-
cal background. Moreover, we did not assess some of
the basic indicators of ANC service content and quality,
such as nutrition counselling, deworming, and screening
for infections that may have an influence on the adverse
pregnancy outcomes.

Conclusions

In conclusion, we found that ANC service utilization is
low in the context of national and WHO guidelines. In
addition, we did not find any association between the
current focused antenatal health care service and adverse
pregnancy outcomes.
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Supplementary Table 1. Antenatal care utilization by study villages (kebele) in

Adami Tullu district, 2018.

ANC followup

Kebele No (%) Yes (%) Total

Wolin Bula 5(19.2) 21(80.8) 26
Negalegn 3 (12.5) 21(87.5) 24
Ilka Chelemo 13 (7.8) 60 (82.2) 73
Edo Gojola 14 (28.0) 36 (72.0) 50
Abine Geremama 15 (23.8) 48 (76.2) 63
Qamo Garbi 2 (12.5) 14 (87.5) 16
Garbi Widena Boramo 4 (28.6) 10 (71.4) 14
Halaku 3(14.3) 18 (85.7) 21
Anano Shisho 15 (18.5) 66 (81.5) 81
Golba Aluto 11(17.7) 51(82.3) 62
Dodicha 13 (24.1) 41 (75.9) 54
Boccessa 24 (34.8) 45 (65.2) 69
Abayi Deneba 46 (30.5) 105 69.5) 151
Total 168 (23.9) 536 (76.1) 704




Supplementary Table 2. Antenatal care utilization by sociodemographic
characteristics in Adami Tullu district, 2018.

Variable Yes (n (%)) No (n (%)) X2 (P-value)
Age 3.150 (0.369)
0 76 (71.0) 31(29.0)
20-24 184 (77.3) 54 (22.7)
2534 243 (77.9) 69 (22.1)
35 and above 33 (70.2) 14 (29.8)
Parity 1.429 (0.489)
Nullpara 101 (76.5) 31(23.5)
Primipara 102 (72.3) 39 (27.7)
Mutipara 333 (77.3) 98 (22.7)
Educational status 1.814 (0.612)
Illiterate 238 (75.1) 79 (24.9)
Read and write 32 (74.4) 11 (25.6)
Primary 223 (78.5) 61 (21.5)
Secondary 43 (71.7) 17 (28.3)
Occupation 3.474 (0.324)
Housewife 411 (76.1) 129 (23.9)
Farmer 95 (79.2) 25 (20.8)
Housemaid 10 (58.8) 7 (41.2)
Others 125 (76.2) 39 (23.8)
Wealth status 1.969 (0.374)
Poor 170(32.0) 60 (35.9)
Middle 178 (33.5) 59 (35.3)
Rich 183 (34.5) 48 (28.7)
Intended place of delivery 2.578 (0.108)
ll‘—II:al:ﬁfl institution 1 10 (728) 41 (272)
382 (79.1) 101 (20.9
Place of delivery
Home 261 (77.4) 76 (22.6) 0.010 (0.921)
Health institution 231 (77.8) 66 (22.2)




Supplementary Table 3. Binary logistic regression for ANC utilization with adverse
pregnancy outcome (n=704), Adami Tullu district, 2018.

Adverse pregnancy
outcome
Characteristics Yes No Crude OR P-value
Age
<24 yrs 30 272 1
>=24 yrs 46 356 1.17(0.72,1.91) | 0.523
Educational status
No formal 33 327 0.71 (0.44,1.14) | 0.156
Formal 43 301 1
Occupation
Housewife 60 480 1.16 (0.65,2.07) | 0.625
Others 16 148 1
Gravida
Primi gravida 15 98 1
Multigravida 61 530 0.75(0.41,1.38) | 0.335
Parity
Null para 18 114 1
Multipara 58 514 1.39(0.79,2.46) | 0.245
DBP
80-89 6 35 0.69 (0.28, 1.69) | 0.417
<80 70 593 1
Maternal haemoglobin
<=10.99 16 119 1
>=11 60 509 1.14 (0.64,2.05) | 0.660
Maternal height
<150 12 61 0.57(0.29,1.12) | 0.102
>=150 63 561 1
Wealth status
Poor 23 207 0.84 (0.47,1 .51) | 0.560
Middle 25 212 0.89 (0.50, 1.59) | 0.690
Rich 27 204 1
ANC utilization
Yes 57 479 1
No 19 149 1.07 (0.62,1.86) 0.806
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