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Abstract 

Background:  Intrauterine growth restriction (IUGR) is known globally as a cause of perinatal 

morbidity and mortality. IUGR is positively associated with stillbirths and infants being small 

for gestational age. Consequences of IUGR are not limited to infancy. A higher risk of IUGR has 

been observed in a number of cohorts of HIV-infected pregnant women. Given the 

consequences of IUGR, ascertaining the incidence of IUGR in a high HIV prevalence setting is 

crucial. Foetal ultrasound plays an important role in screening for abnormalities and identifying 

cases of IUGR. Improving antenatal detection of IUGR in resource limited settings could 

improve perinatal outcomes.  

Methods: This research is a secondary analysis of a large prospective observational study 

conducted among pregnant women seeking antenatal care at Gugulethu MOU, a primary-level 

antenatal care facility in Cape Town, South Africa. Pregnancy dating and foetal size was 

determined by research ultrasound in women ≤24 weeks’ gestation. This study included 

women in the overall cohort who had a singleton pregnancy, at least one ultrasound and a 

recorded estimated foetal weight. Additional analyses were conducted among a subset of HIV-

infected women enrolled in a longitudinal component. The incidence of IUGR was assessed by 

HIV status. Relationships between estimated foetal weight, birthweight and size for gestational 

age were assessed through regression modelling.  

Results: In the overall cohort 1391 women were included and had a median gestational age of 

19 (16-23) based on their first ultrasound. The incidence of IUGR was very low (1.3%); all cases 

were observed among HIV-uninfected women. In the nested cohort (n=453), the median 

gestational age was 28 weeks (27-28) at the second ultrasound. An association between 

estimated foetal weight and birthweight was observed in the nested cohort (β = 1.16, p <0.01), 
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however no association was observed between estimated foetal weight and size for gestational 

age.  

Conclusions: While an unexpected difference was detected in IUGR by HIV status, the findings 

did reveal the need for further research into the incidence of IUGR in populations with HIV, 

while taking into consideration ART status. Further exploration of foetal biometry to 

independently and accurately identify IUGR cases antenatally in resource limited settings is 

essential. Further clarity in these discussed areas can help us improve accurate detection of 

antenatal complications so they can be targeted for intervention.  
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Abbreviations  

IUGR: Intrauterine Growth Restriction  

HIV: Human Immunodeficiency Virus  

ANC: Antenatal Care 

SGA: Small for Gestational Age  

BMI: Body Mass Index  

ART: Antiretroviral Therapy  

BPD: Biparietal Diameter 

HC: Head circumference 

FL: Femur length  

AC: Abdominal circumference  

IQR: Interquartile range  

USR1: Ultrasound 1  

USR2: Ultrasound 2 

HAART: Highly Active Antiretroviral Therapy  
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1.      INTRODUCTION 

1.1    Background 

Intrauterine growth restriction (IUGR), is an important public health concern due to the increased risk 

of perinatal morbidity and mortality [1,2]. IUGR is positively associated with stillbirths [3,4] and infants 

being born small for gestational age (SGA) [5]. A foetus with IUGR may also be born appropriate for 

gestational age (AGA), but have features indicative of a reduced in-utero growth rate [6]. Many preterm 

infants have also been shown to have features of IUGR and studies have indicated that IUGR is 

associated with premature delivery [7,8].  

Diagnosis can be based on the estimated foetal weight or abdominal circumference. The foetal weight 

is estimated using the following biometric parameters: biparietal diameter (BPD), head circumference 

(HC), abdominal circumference (AC) and femur length (FL) [2,9,10].  IUGR is the pathological inhibition 

of foetal growth [11]. It is often defined as an estimated foetal weight less than the 10th percentile for 

gestational age and characterised by a slower than expected foetal growth rate that results in failure 

to attain true growth potential [2]. More specific definitions and means of accurately diagnosing IUGR 

are based on the gestational age: early and late onset IUGR are defined as <32 weeks and >32 weeks 

antepartum, respectively [12,13]. To diagnose both early and late foetal growth restriction the 

estimated foetal weight or abdominal circumference should be below the 3rd percentile. The 10th 

percentile on its own is not considered sufficient to diagnose IUGR. For a diagnosis of early onset foetal 

growth restriction it needs to be combined with an umbilical artery or uterine artery pulsatility index 

above the 95th percentile. For late onset, it needs to be combined with an estimated foetal weight or 

abdominal circumference crossing percentiles greater than 2 quartiles on growth charts or a 

cerbroplacental ratio below the 5th percentile or an umbilical artery pulsatility index above the 95th 

percentile [12,13].  

IUGR can be classified into three types: symmetrical, asymmetrical and mixed. Symmetrical IUGR occurs 

when growth restriction occurs early in pregnancy during the period with higher foetal growth rate due 

to rapid cell division [3,14]. Disruption of growth during this period leads to a reduction in cell division 
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and the overall number of cells, resulting in the foetus being proportionally smaller than expected for 

gestational age, with a normal ponderal index [2,14]. This early disruption impacts all foetal organs and 

their development [3]; with common disruptors being infections and genetic disorders e.g. 

chromosomal abnormalities and congenital disorders [14]. 

Asymmetrical IUGR, which accounts for a greater proportion of IUGR incidence than symmetrical IUGR 

[6], occurs in the later stages of pregnancy when foetal growth and development is dependent on a 

sufficient nutrient and oxygen supply [14]. Asymmetrical IUGR occurs as a result of uteroplacental 

insufficiency, where the foetus has an inadequate supply of oxygen and nutrients [9,15]. Energy is 

directed to brain growth and development at the expense of the growth of other organs, known as a 

brain-sparing effect [3,14]. This results in a low ponderal index as a result of a normal head 

circumference but reduced abdominal circumference due to inadequate liver growth and reduced 

foetal length [14]. With asymmetrical IUGR the foetus also has features of malnutrition such as reduced 

muscle and fat mass [2]. If the cause of asymmetrical IUGR continues and becomes more severe it could 

potentially result in symmetrical IUGR, as the foetus will no longer be able to sustain brain development 

and growth with prolonged and severe nutritional deficiency [2]. The third type of IUGR is mixed IUGR 

and is a combination of symmetric and asymmetric IUGR [14].  

There are a number of different factors that can result in a foetus not reaching its growth potential, 

with uteroplacental insufficiency being the most common. Other factors that increase the risk of IUGR 

are maternal disorders and chronic illnesses; drug and alcohol abuse; smoking and tobacco use during 

pregnancy; poor maternal nutrition; multiple gestation; exposure to teratogens through medications; 

intrauterine infections due to infectious disease; genetic disorders, specifically chromosomal 

abnormalities; and malformations that aren’t linked to a genetic disorder e.g. congenital heart disease 

[9,15].  

There are also consequences of IUGR that can affect years of life beyond infancy. These include 

increased susceptibility to a number of different medical conditions such as, but not limited to: renal 

disease, type 2 diabetes, non-alcoholic steatohepatitis, cardiovascular disease, metabolic syndrome 
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and neuro-cognitive disorders [1]. A 2020 systematic review and meta-analysis by Sacchi et al. noted 

that cognitive scores up to the age of 12 were far lower in children who had diagnoses of IUGR and SGA 

compared to AGA children [16].  

1.2 Rationale  

Globally South Africa has one of the largest HIV epidemics [17], with women disproportionately 

affected.  Poor immune status has been shown to be independently associated with a greater risk of 

intrauterine growth retardation. Higher risk of IUGR has been observed in various cohorts of HIV-

infected pregnant women [18-20]. However, a study in Cameroon found that HIV status in itself did not 

indicate an increased risk of IUGR but that using the WHO classification of stages of HIV did show that 

IUGR was associated with more advanced stages of HIV [21]. When it comes to the effects of ART 

treatment a study looking at HAART’s effect on the incidence of IUGR found that untreated HIV-infected 

pregnant women had higher rates of IUGR than those on HAART [22].  

Within this context, this study investigates whether IUGR led to increased risk of certain birth outcomes 

in a population of HIV-infected women.  Ascertaining whether or not there is an increased incidence of 

IUGR among HIV-infected women can provide valuable insight into whether in-utero complications 

such as IUGR may be more prevalent in areas with a greater prevalence of HIV. Foetal biometry results 

will be used to determine the incidence of IUGR. This sub-study will also look at associations between 

IUGR and adverse birth outcomes.   
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2.    AIMS AND OBJECTIVES 

2.1   Aim 

To examine the association between intrauterine growth restriction (IUGR) and birth outcomes in a 

cohort of HIV-infected women who received antenatal care at Gugulethu Community Health Centre, 

using foetal biometry. 

2.2   Objectives 

 To ascertain the incidence of IUGR in a cohort of pregnant women by HIV status using 

ultrasonographic data. 

 To identify associations between IUGR and adverse birth outcomes (small for gestational age 

and low birthweight) in a cohort of HIV-infected women. 

3.      METHODS 

3.1   Study design  

This proposed research will be a sub-study of the Prematurity Immunology in HIV-infected Mothers and 

their Infants (PIMS) study, a large prospective, observational study which has been described in detail 

elsewhere [23]. The overall aim of the study was to assess the association between antiretroviral 

therapy (ART) and adverse birth outcomes.  The PIMS study enrolled a cohort of pregnant women over 

the age of 18 who sought antenatal care (ANC) at the Gugulethu Midwife Obstetric Unit (GMOU) over 

an 18-month recruitment period from April 2015 to October 2016 and followed them up until delivery. 

Women, who as part of routine care procedures at their 1st ANC visit, were clinically assessed to be ≤24 

gestation were referred for an ultrasound by a research sonographer to confirm gestation. The subset 

of the PIMS women who were HIV-infected and had an ultrasound assessed gestational age were 

enrolled into a nested cohort who were followed up until 12 months postpartum. The research 

sonographer conducting the ultrasounds, underwent specific training for the protocol developed by the 

parent study.  
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3.2   Study setting  

The setting for the PIMS study was the GMOU, a primary health care facility that provides antenatal 

and obstetric care for low-risk pregnancies. Gugulethu is a low-income, peri-urban area in Cape Town, 

with high HIV prevalence [23]. The antenatal HIV seroprevalence at the MOU has previously been 

estimated to be at 30% [24].  

3.3   Study population and sampling  

All participants who were estimated to be ≤ 24 weeks’ gestational age (GA) based on the last normal 

menstrual period (LNMP) and the symphysial fundal height (SFH) were sent for an ultrasound at their 

first antenatal care visit to provide a more specific gestational age.  All enrolled women with at least 

one ultrasound done during pregnancy will be included in this proposed sub-study for the first objective 

of the study, looking at incidence of IUGR by HIV status.  

A second ultrasound was conducted for the HIV-infected women enrolled in the prospective nested 

cohort during their third trimester at 28 weeks of pregnancy. All women who were enrolled in this 

prospective cohort who had two ultrasounds will be used as a subpopulation to address the second 

objective looking at the association between IUGR and adverse birth outcomes.   

The inclusion criteria for women enrolling into PIMS were age 18 years or older, confirmed pregnancy, 

haemoglobin level above 7.0 g/dL, and ability to provide informed consent.  

3.4    Data collection  

Data collected during the PIMS study will be used for this proposed sub-study.  This data was collected 

using standardised questionnaires, review of medical records and ultrasonography. 

3.4.1   Questionnaires 

Standardized questionnaires were used to collect data on maternal demographics, specifically 

sociodemographic information, obstetric, medical and ART history (Appendix 1). Medical history 

collection included specifics around ART regimens and adherence, TB history and previous hospital 

admissions. Physical examination forms with maternal anthropometry were also completed (Appendix 

2).  
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3.4.2    Review of medical records 

Clinical and medical records were abstracted following the first ANC visit and discharge after delivery. 

Information on previous pregnancies, medical history, HIV test results, and estimated delivery dates 

were abstracted (Appendix 3).  Information about birth outcomes, abstracted after delivery, will be 

used to assess associations between the exposure and outcome (Appendix 4).  

3.4.3 Ultrasound 

Gestational age was determined through ultrasonography for each woman who was ≤24 gestation at 

their first antenatal visit (Appendix 5) and repeated at 28 weeks on the women in the prospective cohort 

(Appendix 6). The ultrasound data included foetal biometry measurements, specifically, biparietal 

diameter, head circumference, abdominal circumference and femur length, which were used to 

generate an estimated foetal weight. This estimated foetal weight and other biometric measures will 

be used to ascertain the incidence of IUGR in this cohort of women.  

Table 1: Table of Variables 

Variables  Type Categories 

Socio-demographics  

Age Numeric (years) Mean (SD)/Median (IQR) 

Education Categorical  No School 
Primary School (1-7) 
Secondary School (8-12) 
Post-Secondary  

Employment Status Categorical Employed 
Unemployed 
Informal Job  
Learner 

Housing  Categorical Informal dwelling 
Formal house 
Council home  

Maternal Characteristics    

Height  Numeric (cm) Mean (SD)/Median (IQR) 

Weight  Numeric (kg) Mean (SD)/Median (IQR) 

Haemoglobin  Numeric (g/dL) Mean (SD)/Median (IQR) 

Categorical (g/dL) Normal >10.9(g/dL) 
Mild Anaemia (10.0g/dL to 
10.9g/dL) 
Moderate Anaemia (7.0g/dL to 
9.9g/dL) 

BMI  Numeric (cm/kg2) Mean (SD)/Median (IQR) 
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Categorical Underweight, Normal, 
Overweight, Obese 

Obstetrics & Obstetric History 

Gestational Age Numeric (weeks) Mean (SD)/Median (IQR) 

Gravidity Numeric Mean (SD)/Median (IQR) 

Parity Numeric  Mean (SD)/Median (IQR) 

 
 

Previous pregnancies (Number 
& Outcome) 

Numeric (Number) Mean (SD)/Median (IQR) 

Categorical (Outcome) SGA 
AGA 
Low birth weight 

Ultrasound Data 

Foetus Number Categorical Singleton  
Multiple 

Estimated Foetal Weight Numeric Mean (SD)/Median (IQR) 

Categorical > 3rd percentile 
< 3rd percentile 

Abdominal circumference Numeric  Mean (SD)/Median (IQR) 

Categorical > 3rd percentile 
< 3rd percentile 

Medical Information (Comorbidities/Chronic Illnesses) 

Hypertension Binary  Yes 
No 

Epilepsy Binary  Yes 
No 

Cardiac Binary  Yes 
No 

TB  Binary  Yes 
No 

Other Binary Yes 
No 

HIV & ART 

HIV Status Binary Positive 
Negative 

ART Status Binary ART initiated before pregnancy 
ART initiated during pregnancy 

Substance Use 

In the past 

Alcohol Binary Yes 
No 

Cigarettes Binary Yes 
No 

Drugs Binary  Yes  
No 

Past 30 days  

Alcohol Binary Yes 
No 

Cigarettes Binary  Yes 
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No  

Drugs Binary  Yes  
No 

 

 

3.5 Exposure  

The exposure of interest will be HIV/ART status, which was determined either by previous diagnoses 

or by an HIV test at their first ANC visit.  This exposure will be categorized as  

 - HIV-uninfected 

 - HIV-infected, ART initiated before pregnancy 

 - HIV-infected, ART initiated during pregnancy 

3.6   Outcomes 

3.6.1 Objective 1 

The outcome of interest is IUGR, which will be determined by the estimated foetal weight or abdominal 

circumference captured by the research sonographer. IUGR is defined as estimated weight or 

abdominal circumference below the 3rd percentile for gestational age. The results from both ultrasound 

scans will be compared if the individual has two, to ascertain whether this was consistent throughout 

the pregnancy. This information collected through the PIMS study will be used to classify the pregnancy 

into two groups i.e., IUGR infants and non-IUGR. 

3.6.2 Objective 2 

The outcomes of interest are birth outcomes, namely size for gestational age and infant birthweight. 

Definitions and classifications of the outcome variables will be as follows: 

3.6.2.1   Size for gestational age  

This will be based on INTERGROWTH-21st Project Standards; with Infants with birth weight less than the 

10th percentile for gestational age classified as small for gestational age (SGA) and infants between 10th 

– 90th percentile classified as appropriate for gestational age (AGA) 

3.6.2.2 Low birth weight (LBW) 
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Low birth weight is defined as a baby that weighs less than 2500grams.   

3.7   Data Management and Statistical analysis 

3.7.1 Data management  

All data from the original PIMS study was entered into a Microsoft Access database and stored in a 

firewall protected UCT server. The data is password protected and all study records have anonymous 

identification numbers. Therefore, data being used in this sub-study will have no participant identifiers. 

The data will also be stored on a password protected computer and stored as a password protected file 

for use in this sub-study, after which it will be deleted.  

3.7.2   Statistical Analysis  

All analyses will be conducted using R Studio Version 1.4.1103. Data will initially be cleaned where any 

duplicate data will be removed and missing data identified and handled appropriately.  

The exposure being HIV status, women will be grouped by status into HIV-infected and HIV-uninfected. 

Infants will then be classified as IUGR or non-IUGR infants based on foetal biometric measurements 

obtained in the PIMS study. Incidence of IUGR will then be determined by HIV status. IUGR and non-

IUGR infant groups will then be assessed for associations with adverse birth outcomes.  

Descriptive statistics will be used to describe the prevalence of IUGR across the exposure groups. 

Summary statistics will be generated and depending on distribution these will include either mean and 

standard deviation or median and interquartile range. Proportions will be generated for categorical 

variables.  

For numerical variables, Shapiro-Wilks test will be used to see if the data is normally distributed. If 

normally distributed t-test will be used and if not Wilcoxon rank-sum test. Chi-squared tests will be used 

for categorical variables.  

HIV status, IUGR are both binary variables and adverse birth outcomes are categorical, so a logistic 

regression analysis will be undertaken. A number of covariates will be taken into account when using 

this logistic regression. These will include maternal demographics, specifically sociodemographic data 
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and substance use data, medical conditions that were recorded such as TB, hypertension, epilepsy and 

diabetes as well as multiple gestation.  

Initially a univariable logistic regression will be run and those variables that are statistically significant 

will be added to a multivariable regression to adjust for confounding. These logistic regressions will 

generate odds ratios, for which 95% CI’s and p-values will be generated to assess statistical significance.  

 

4.0 ETHICAL CONSIDERATIONS  

The PIMS study received ethics approval from the University of Cape Town Faculty of Health Sciences 

Human Research Ethics Committee (HREC) (739/2014) (Appendix 7) and the University of Southampton 

Faculty of Medicine Ethics Committee (12542 PIMS) (Appendix 8).  The research oversight body of the 

Provincial Government of the Western Cape Department of Health also granted approval for the PIMS 

study to be conducted (Appendix 9). Ethical approval for this proposed study will be sought from the 

UCT-HREC. 

4.1 Informed consent  

All women enrolled into the study provided written informed consent to be part of the overall cohort 

(Appendix 10), while women in the prospective provided additional consent to be followed up 

postnatally (Appendix 11).  Informed consent also granted permission for abstraction of data from 

clinical records. This sub-study will only be using data that has already been collected as part of the 

PIMS study so no direct contact will be made with participants and therefore no additional consent is 

necessary.  

4.2 Privacy and confidentiality  

All individuals involved in the data collection process for the original PIMS study underwent 

confidentiality training. Anonymous participant identification was used on all documents. Restrictions 

were placed on what documents had participant identifiers, which were all stored in secured cabinets 

with access restricted to the project coordinator and PI. Documents containing HIV/ART status or 

information did not include a patient identifier. All data that was stored electronically were password 
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protected and stored within a firewall protected UCT server. This sub-study will maintain the privacy 

and confidentiality of the patients. Use of anonymous participant identification numbers will be 

continued to ensure confidentiality and anonymity in this sub-study.  

4.3 Risk and benefits  

A description of risks and benefits, reimbursement details of the parent study have been provided and 

approved previously (HREC 739/2014). 

4.3.1   Risk 

There are no foreseen risks in this particular sub-study, as confidentiality will be maintained, and there 

will be no direct contact with patients.  

4.3.2   Benefits  

There are no direct benefits to this sub-study; however, many studies have obtained differing results 

when looking at the risk of IUGR among HIV-infected women, so this study will contribute to existing 

data in the field and help further understand this risk.  

4.4    Reporting and Implementation  

This sub-study will be submitted to a peer-reviewed journal in collaboration with and upon approval 

from original PIMS study investigators.  

4.5    Logistics 

Table 2: Study time-line  

Actions August September October November December  January February March 

Literature 
Review 

        

Protocol 
Development 

        

Ethics 
Review 
Submission 

        

Data  
Analysis  

        

Thesis  
Write-up 

        

Submission 
to UCT for 
MPH 
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Submission 
to Journal  

        

 

4.6    Budget 

This analysis will be conducted as part of an MPH degree as such no payment will be required. 
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Abstract 

Background: Intrauterine growth restriction (IUGR) is a major contributory factor of perinatal morbidity 

and mortality. This suboptimal growth is associated with infants being small-for-gestational age. In 

addition to genetic and placental factors, maternal factors such as infection are also responsible for 

IUGR. Numerous studies have shown that HIV infection could increase the risk of IUGR. Given the 

consequences of IUGR, determining the incidence of IUGR in a high HIV prevalence setting is essential. 

Screening for foetal growth abnormalities is an essential component of antenatal care, with foetal 

ultrasound playing a key role. Improving antenatal detection of IUGR in resource limited settings could 

improve perinatal outcomes.  

Methods: This research is a secondary analysis of a large prospective observational study conducted 

among pregnant women, seeking antenatal care at the Gugulethu MOU in South Africa. Pregnancy 

dating and foetal size was determined by research ultrasound in women ≤24 weeks’ gestation. Women 

from the overall cohort were included if they had a singleton pregnancy, at least one ultrasound and a 

recorded estimated foetal weight. A subset of HIV-infected women enrolled in a longitudinal 

component were included for additional analyses. Growth restriction was determined using 

INTERGROWTH-21ST Project Standards. The incidence of IUGR was compared by HIV status in the overall 

cohort; while the relationship between estimated foetal weight and birthweight and size for gestational 

age was explored through regression modelling.  

Results: 1391 women were included in the overall cohort, and had an ultrasound at a median 

gestational age of 19 (16-23).  The incidence of IUGR was very low (1.3%); with an unexpected 

difference observed by HIV status.  In the nested cohort (n=453), using the ultrasound conducted at 

median gestational age of 28 weeks (27-28), an association between estimated foetal weight and 

birthweight was observed (β = 1.16, p <0.01). However, no association observed between estimated 

foetal weight and size for gestational age. 

 Conclusions: While an unexpected difference was detected in IUGR by HIV status, further research is 

needed, into the incidence of IUGR in populations with HIV, taking into consideration ART status. 
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Further exploration of the ability of foetal biometry to independently and accurately identify IUGR cases 

antenatally in resource limited settings is essential. 
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1.0 Background 

Intrauterine growth restriction (IUGR) is characterised by a slower than expected foetal growth rate 

and is classified into three types. Symmetrical IUGR occurs when growth restriction occurs early in 

pregnancy and results in a proportionally small foetus. The foetal growth rate is higher in earlier months 

of pregnancy due to rapid cell division. Consequently, disruption of growth at this stage results in a 

reduction of the overall number of cells and the foetus being smaller than expected for gestational age. 

This impacts the development of all organs of the foetus [1]. Conditions that typically affect foetal 

growth at this stage in pregnancy are infections and genetic disorders e.g. chromosomal abnormalities 

ad congenital disorders [2]. Asymmetrical IUGR typically occurs in later stages of pregnancy, when 

growth and development of the foetus is heavily dependent on a sufficient nutrient supply [2]. 

Therefore, asymmetrical IUGR is typically caused by inadequate supplies of nutrients and/or oxygen to 

the foetus via the placenta. Poor supply of nutrients results in a brain-sparing effect, where energy is 

directed to brain growth and development at the expense of the growth of other organs [1]. The third 

type of IUGR is mixed IUGR and is a combination of symmetric and asymmetric IUGR [2].  

 

IUGR is an important public health concern and is known globally as a cause of perinatal morbidity and 

mortality [3-5]. IUGR is also a known risk factor for infants being small for gestational age (SGA) [6]. SGA 

babies are at risk of a number of postnatal complications and generally require additional monitoring 

and medical attention, this can be hard to achieve in resource limited settings and consequently puts 

SGA babies at greater risk for perinatal morbidity and mortality [7,8].  

 

The most common cause of IUGR is uteroplacental insufficiency, where the inability to adequately 

supply the foetus with oxygen and nutrients causes asymmetrical IUGR. Other factors that increase the 

risk of IUGR are maternal disorders and chronic illnesses; drug and alcohol abuse; smoking and tobacco 

use during pregnancy; poor maternal nutrition; multiple gestation; exposure to teratogens through 

medications; intrauterine infections due to infectious disease, with malaria being the most common; 
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genetic disorders, specifically chromosomal abnormalities; and malformations that aren’t linked to a 

genetic disorder e.g. congenital heart disease [7,8].  

 

Diagnosis of IUGR depends heavily on having an accurate gestational age. Foetal biometrics are used to 

estimate foetal weight. These include the biparietal diameter (BPD), head circumference (HC), 

abdominal circumference (AC) and femur length (FL). If the estimated foetal weight is less than the 3rd 

percentile for gestational age, it is indicative of growth restriction. Amniotic fluid indices and fundal 

height can also be used to help diagnose IUGR [9,10]. More recent consensus studies described by the 

International Society of Ultrasound in Obstetrics and Gynaecology (ISUOG) have created a more specific 

definition for accurately diagnosing IUGR based on gestational age. IUGR is defined as an estimated 

foetal weight below the 3rd percentile and this is considered sufficient to diagnose IUGR. If the 10th 

percentile is used then this alone isn’t considered sufficient for diagnosis and needs to be combined 

with additional data on umbilical artery pulsatility, uterine artery pulsatility or crossing growth 

percentiles dependent on whether its early or late onset growth restriction [11,12].  

  

A foetus that is considered IUGR may be born appropriate for gestational age (AGA), but have features 

that indicate there was a reduced in-utero growth rate [9]. Many preterm infants have been noted to 

have features of IUGR and that IUGR is associated with premature delivery [9, 13]. The consequences 

of IUGR are not limited to infancy, specifically adverse birth outcomes; there are also potential long 

term consequences. These include increased susceptibility to medical conditions such as, but not 

limited to: renal disease, type 2 diabetes, non-alcoholic steatohepatitis, cardiovascular disease, 

metabolic syndrome and neuro-cognitive disorders [3, 13]. A 2020 systematic review and meta-analysis 

by Sacchi et al. found that cognitive scores in children up to the age of 12 were far lower among those 

who had diagnoses of IUGR and SGA compared to AGA children [14]. 
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South Africa has one of the largest HIV epidemics [15], within our setting women are disproportionately 

affected. Poor immune status has been shown to be independently associated with a greater risk of 

IUGR, as a result higher risk of IUGR has been observed in various cohorts of HIV-infected pregnant 

women [16-18], however not all results showed statistical significance. A study in Cameroon found that 

HIV status in itself did not indicate an increased risk of IUGR [19]. A study looking at ART’s effect on the 

incidence of IUGR found that untreated HIV-infected pregnant women had higher rates of IUGR than 

those on ART [20].   

 

Within this context, this study aims to ascertain whether or not there is an increased incidence of IUGR 

among HIV-infected women. This can provide valuable insight into whether in-utero complications such 

as IUGR may be more prevalent in areas with a greater prevalence of HIV. Estimated foetal weight is 

important for accurately identifying cases of IUGR and high-risk pregnancies. Therefore, looking at 

correlations between estimated foetal weight, birthweight and adverse birth outcomes and its 

effectivity in predicting birthweights and consequently size for gestational age, in a routine cohort of 

women seeking antenatal care at Gugulethu Midwife Obstetric Unit, can be of value.  

 

2.0 Methods 

2.1 Study population & setting 

Between April 2015 and October 2016, a large prospective observational study was conducted among 

a cohort of consecutive pregnant women, over the age of 18, who sought antenatal care (ANC) at the 

Gugulethu Midwife Obstetric Unit (GMOU) [21]. Gugulethu is a low-income, peri-urban area in Cape 

Town, with high HIV prevalence [21]; and the GMOU is a large public sector primary care facility in Cape 

Town, South Africa. 

 

As part of routine care procedures during their 1st ANC visit, gestational age of all women was 

established by ANC midwives based on last menstrual period and symphysis-fundal height.  All enrolled 



32 

 

women, who formed the overall cohort, clinically assessed to be ≤24 weeks’ gestation, were referred 

for an ultrasound by a research sonographer to confirm gestational age.  A subset of these women who 

were HIV-infected and had an ultrasound assessed gestational age (≤24 weeks) were enrolled into a 

nested cohort, who were followed up until 12 months postpartum with intensive measurement.  

 

From the overall cohort, women were included in the original study analyses if they had an ultrasound 

conducted at the first ANC visit (n=2195). Additionally, women were excluded if they had non-singleton 

pregnancies. From the nested cohort, those who had an ultrasound at their first ANC visit and repeated 

at 28 weeks’ gestational age, the same exclusion criteria were used. The nested cohort was followed 

up postpartum and additional data was collected through standardized questionnaires.  

 

2.2 Data collection 

Foetal biometry data was recorded on ultrasound forms by the research sonographer, who underwent 

specific training for the protocol developed by the parent study. A transducer is used transabdominally 

to capture images of the foetus using high frequency sound waves. A GE LOGIQ C3 Premium ultrasound 

machine was used and validated for use in pregnancy in out setting. Pregnancies were dated based on 

foetal size, specifically foetal crown rump length which can be seen and measured early in pregnancy. 

This is the considered the most reliable way of determining the gestational age of a foetus early on in 

the pregnancy. After 14 weeks the following measurements are considered reliable for pregnancy 

dating: biparietal diameter, head circumference, abdominal circumference and foetal weight. An 

estimated foetal weight is derived from the aforementioned biometric parameters using one of a 

number of available formulae [22-24]. The estimated foetal weights used in this analysis, were provided 

by the research sonographer as part of the parent study. The ultrasound machines used by the research 

sonographer were already programmed with a formula to compute the estimated foetal weights.  
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For the overall cohort, data from enrolled women was abstracted from clinical records following the 

first ANC visit. This included information on previous pregnancies, medical history, HIV status and 

estimated delivery dates. Data collected included HIV status, pregnancy history, medications 

prescribed, and any maternal diagnoses during pregnancy.  Following delivery, obstetric outcomes 

(including date of delivery and birthweight) and blood pressure readings done throughout the 

pregnancy, were also abstracted from clinical records.   

 

Standardized questionnaires completed by those enrolled in the nested cohort were used to collect 

data on maternal demographics, specifically sociodemographic, obstetric and medical information. 

Physical examination forms with maternal anthropometry were also completed. Additional 

questionnaires conducted as an interview were done for women in the nested cohort. The collection 

of additional socio-demographic information allowed for a composite socio-economic status value to 

be computed for the nested cohort, based on education level, employment status, housing type, basic 

amenities and appliances.  

 

2.3 Outcome  

In this sub-study the estimated foetal weight was used to determine the incidence of IUGR in this cohort 

of women. IUGR is defined as an estimated foetal weight below the 3rd percentile for gestational age 

by the ISOUG [23]. Growth restriction was determined using INTERGROWTH-21ST Project Standards, 

which begins at 22 weeks’ gestation for estimated foetal weight [24]. INTERGROWTH 21ST project 

standards were the selected choice of standard for estimating IUGR and classifying cases of SGA in this 

study. The INTERGROWTH 21ST project has developed a set of estimated foetal weight standards, using 

a wide range of data from different populations. The use of a range of populations and the use of 

INTERGROWTH-21st standards in numerous studies allows for comparability of result [24].  
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Size for gestational age was categorized by gestational age using INTERGROWTH-21ST Project Standards 

into small, appropriate and large for gestational age based on being in the following percentile 

categories <10th, 10th-90th and >90th, respectively [22,24].  

 

 

2.4 Statistical analysis  

Data was analysed using R Studio Version 1.4.1103. Summary statistics were generated for baseline 

maternal characteristics using median and interquartile range for numerical variables and proportions 

for categorical variables. Chi-squared and Wilcoxon rank sum tests were used to test for comparisons 

between categorical and continuous variables respectively. This was done for both the overall cohort 

and the nested cohort of HIV-infected women, after exclusion criteria were applied.  

 

The overall cohort had a single ultrasound which was used to determine incidence of IUGR. The nested 

cohort had a second ultrasound at 28 weeks’ gestational age which was used to determine incidence 

of IUGR, to see if there are any differences in case detection at different stages in pregnancy. The 

incidence of IUGR was calculated in both the overall and the nested cohort. To assess the association 

between estimated foetal weight and birth weight, univariable and multivariable linear regression 

models were run. To assess associations between estimated foetal weight and size for gestational age, 

multinomial logistic regressions were run in overall cohort and nested cohort. Results are presented as 

beta values and odds ratios and their respective related 95% confidence intervals (CI).  The adjusted 

multivariable models included confounders determined using univariable models.  

 

3.0 Results 

A total of 1391 women in the overall cohort who had an ultrasound and singleton pregnancy were 

included in this analysis (Figure 1).  The median age was 28 (24-32) years. 517 (37.2%) women were 

HIV-infected and 874 (62.8%) were HIV-uninfected (Table 1). The majority of women in this cohort were 
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classified as being obese, (47%, n= 646) and overweight, (26%, n= 357). The median gestational age at 

the first ultrasound visit was 19 (16-23) weeks (Table 1).  

 

A total of 453 women were included in the nested cohort of HIV-infected women, the median age was 

30 years. 217 (48.9%) women were initiated on ART before pregnancy and 236 (52.1%) initiated during 

pregnancy. The median gestational age at the second ultrasound was 28 (27-28) weeks. The distribution 

of socio-economic status was quite even, with 156 (34.4%) in the highest category, 145 (32%) classed 

as medium and 142 (31.3%) in the lowest category (Table 2). The majority of women in the nested 

cohort were also classified as overweight, 28.3% (n= 128) and obese, 49.2% (n= 223).   

 

3.1 Incidence of Intrauterine Growth Restriction  

Estimated foetal weight was found to be strongly correlated with gestational age, as expected (figure 

2). IUGR incidence was determined using estimated foetal weight. Intergrowth standards requires that 

estimation of IUGR in pregnancies, needs a gestational age of ≥22 weeks. Therefore, for the IUGR 

analyses, women with a gestational age <22 weeks were excluded (n=933) (figure 1).  When baseline 

characteristics of the women included in the IUGR analyses were compared to those excluded based 

on gestational age, differences were observed in age, haemoglobin and parity. Age distribution differed 

between the two groups, with those excluded (<22 weeks) having a higher proportion of women age 

25-29 years and a smaller proportion ≤24 years compared to those included (≥22 weeks). Among those 

excluded, there were a lower proportion of women with moderate anaemia and a higher proportion of 

women with normal haemoglobin levels, when compared to those included in the analysis. Lastly, those 

excluded had a greater proportion of women who gave birth to no babies and a lower proportion of 

women who gave birth to ≥2 babies. It should however be noted that none of these variables were 

likely to have impacted the association that was being assessed (Supplementary table 1). When 

comparing the mother’s baseline characteristics by HIV status in different outcome categories: small 
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for gestational age and low birth weight, there was no difference detected in the mother’s baselines 

characteristics. This is possibly due to the small sample size (Supplementary table 5).  

 

In the overall cohort the majority of foetuses fell between the 50th and 90th percentile (57.4%) and a 

large portion above the 90th percentile (23.8%). Among the nested cohort the majority of foetuses were 

above the 90th percentile (63%) and 31% of these were above the 97th percentile (Table 3). The 

incidence of IUGR was very low in both of our cohorts.  In the overall cohort, a total of 6 (1.3%) cases 

of IUGR were detected using the ISUOG definition, and these were all in HIV-uninfected women. When 

the 10th percentile was used as the cut-off point, 13 (2.8%) foetuses were classified as IUGR, 4 (2.4%) 

among HIV-infected women and 9 (3.1%) among HIV-uninfected women. In the nested cohort no cases 

of IUGR were detected using the ISUOG definition, while 2 (0.4%) foetuses had an estimated foetal 

weight below the 10th percentile (Table 4).  

 

3.2 Associations between estimated foetal weight and baseline maternal characteristics  

In the adjusted model for the overall cohort gestational age was the only statistically significant 

association, which is an expected finding (supplementary table 2). However, in an adjusted model for 

the nested cohort there was a statistically significant association between estimated foetal weight and 

gestational age and estimated foetal weight and BMI (supplementary table 3). The model predicted 

that for every unit increase in BMI there will be estimated foetal weight increase of 2.75 grams.  

 

3.3 Associations between estimated foetal weight, birthweight and size for gestational age 

For the overall cohort, when the correlation between estimated foetal weight and birthweight was 

assessed at the first ultrasound, it appeared to be very low (Figure 2). Figure 3 displays this difference 

between the associations of estimated foetal weights and birthweight at different ultrasounds. For this 

analysis, 1391 women were included from the overall cohort. The univariable analysis of estimated 

foetal weight and birth weight showed no statistical significance (β = 0.0036, p =0.412). In the adjusted 
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model, for every gram increase in estimated foetal weight the model predicted an increase of 0.14 

grams in birthweight, also not statistically significant (p = 0.307). Overall there was no association 

observed between estimated foetal weight and birthweight (Table 5).  

 

453 women from the nested cohort were included in this analysis of the nested cohort. When the 

correlation between estimated foetal weight and birthweight was assessed at the second ultrasound, 

there appeared to be more of a linear relationship.  In contrast to the overall cohort, among this group 

of HIV-infected women there is an association observed between the estimated foetal weight and 

birthweight (β = 1.16, p = <0.001) (Table 6).  

 

 

4.0 Discussion 

In this routine care cohort of HIV-infected and uninfected pregnant women, at a large public sector 

primary care antenatal facility in Cape Town, we found a very low incidence of IUGR among women 

who were ≥22 weeks’ gestational age. In the overall cohort which included both HIV-infected and HIV-

uninfected women, a difference was detected by HIV status in which all cases observed were among 

HIV-uninfected women. In the nested cohort of HIV-infected women no cases of IUGR were observed 

at 28 weeks’ gestation. The association between estimated foetal weight and birthweight appeared to 

be dependent on the timing of the ultrasound. Understanding whether estimated foetal weight can be 

used as a good indicator of birthweight, especially in resource limited settings, will inform efforts to 

identify women at increased risk of IUGR related adverse birth outcomes. 

 

Our low incidence of IUGR (1.3%) was unexpected, with several other studies reporting incidences 

greater than what we observed. Reported statistics describing the prevalence of IUGR in different 

populations show values that range from 5% to 55%, with higher values being reported in less 

economically developed countries, so reported statistics around IUGR prevalence depend heavily on 
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the population and various demographic factors [25,26]. Our finding of no IUGR observed in the HIV-

infected women in both cohorts is particularly surprising given that other studies have observed a high 

risk of IUGR among HIV-infected women [16,17]. It should however be noted that not all these studies 

showed significant associations [18].  A study in Cameroon found that HIV status in itself did not indicate 

an increased risk of IUGR but that using the WHO classification of stages of HIV they did observe that 

IUGR was associated with more advanced stages of HIV [19].   Another study, conducted at an antenatal 

clinic in Nigeria, looked at ART’s effect on incidence of IUGR and found that untreated HIV-infected 

pregnant women had higher rates of IUGR than those on ART [20]. During the time this study was 

conducted all pregnant HIV-infected women either initiated ART before pregnancy or were initiated on 

ART regardless of their disease stage during this pregnancy so it is likely women in our cohort were 

healthier than previous cohorts; this could possibly be contributing to the low incidence of IUGR that 

we observed in this study.   

 

Antenatal detection of growth restriction among foetuses at risk of adverse birth outcomes such as low 

birth weight or small for gestational age, is necessary in order to reduce cases of adverse birth outcomes 

among pregnant women. These study results did indicate that birthweight was significantly positively 

associated with estimated foetal weight in the nested cohort of HIV-infected women, whose median 

gestational age was 28 weeks. At the first ultrasound there was no relationship seen between estimated 

foetal weight and birthweight, the median gestational age was 19 weeks. This could be as a result of 

the foetal development process where at the start of the second trimester all major organs have formed 

and now the foetus enters a period of sustained growth [27]. The second ultrasound which was done 

later in the pregnancy can be a better stage in pregnancy to indicate birthweight.  

 

Despite there being an association between birthweight and estimated foetal weight at this point in 

the pregnancy, there was no significant association detected between estimated foetal weight and size 

for gestational age. A retrospective study aimed to assess the relationship between estimated foetal 
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weight and birthweight in order to determine if estimated foetal weights can be used to identify those 

who are at a greater risk of having a baby that is SGA [28]. Using estimated foetal weight they only 

detected 19.6% of SGA infants. Other studies have also found that third trimester ultrasound biometry 

has not resulted in an adequate detection of SGA cases before term [29,30]. It has been suggested that 

a possible reason for this poor detection rate is an overestimation of foetal weight based on the 

biometry [28]. This is a plausible explanation for the lack of association being seen between estimated 

foetal weight and SGA in this study. When looking at the distribution of estimated foetal weights in the 

nested cohort, 63% are above the 90th percentile and 30.5% above the 97th percentile. This supports 

the possibility that the foetal weights were overestimated as there was also no significant association 

between estimated foetal weight and babies who were born large for gestational age. An 

overestimation could also explain the low incidence of IUGR that we are seeing. However, the 

plausibility of an overestimation, does not rule out the possibility that there may have been changes in 

growth rate occurring in the remaining weeks of pregnancy following the ultrasound.  

 

There is currently no set of foetal growth reference ranges specific to the South African population. 

INTERGROWTH 21ST project standards were the selected choice of standard for estimating IUGR and 

classifying cases of SGA in this study. The INTERGROWTH 21ST project has developed a formula that can 

be used to compute estimated foetal weights using the relevant foetal biometry measures and a set of 

estimated foetal weight standards.  This set of standards was selected because the project used data 

from a wide range of different populations and because of its wide use in relevant studies, allowing for 

comparability of results [24]. Intergrowth standards have been validated by studies conducted in some 

populations [31,32]. However, there have been other studies in populations that have yielded results 

that indicate that foetal growth standards should be race/ethnicity specific and that a single set of 

standards does not adequately account for variations in populations characteristics [33,34]. A major 

limitation of this study was that there was no locally formulated set of standards that could have been 

used, that may have been more suitable for the South African context.  
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The Hadlock formula is a widely applied formula for calculating estimated foetal weights [35]. Studies 

have indicated that the Hadlock formula provides a more accurate estimate of foetal weight than newly 

developed formulae, including that of the INTERGROWTH 21ST project [35,36]. Another limitation to 

this study was that the estimated foetal weights generated by the formula programmed into the 

ultrasound machine were used to determine cases of IUGR. Use of the Hadlock formula to calculate the 

estimated foetal weights using foetal parameters would have resulted in fewer excluded participants.  

Major strengths of the study include the availability of high quality ultrasound data from a large cohort 

of women from a routine care setting. In addition, data from a second ultrasound conducted in the 

nested cohort at a later stage in pregnancy was available. A major limitation of the study was the 

exclusion of participants. In the parent study design, only women <24 week’ had an ultrasound, as this 

is where gestational age is easiest to determine, consequently a large number of women had to be 

excluded from this analysis. The small sample size of the study is also due to exclusion based on missing 

estimated foetal weights. This could not be computed from other biometric values as the original 

formula used to determine the estimated foetal weights was unknown. A relatively small percentage of 

women included in the parent study were able to be included in this sub-study, these exclusions would 

have impacted the representativeness of the results. Collection of other data that could corroborate 

the study findings would have been extremely beneficial such as data on umbilical artery pulsatility, 

uterine artery pulsatility or crossing growth percentiles, which are recommended by ISUOG when 

making a diagnosis IUGR. The collection of data on additional matrices such as these would have had a 

major impact on the accuracy of IUGR classifications made in this study. 

 

5.0 Conclusion 

In this cohort study we investigated the incidence of foetal growth restriction and the association 

between foetal biometry parameters and adverse birth outcomes, there was an unexpected difference 

in IUGR by HIV status, where all cases in the overall cohort were found among HIV-uninfected women. 
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We found a very low incidence of IUGR.  Further research into the incidence of IUGR in populations 

with HIV is required, this research also needs to take into consideration ART status. The identification 

of cases of IUGR using different growth curves is also an area that requires further research and 

improvement, as there is much controversy surrounding the use of local versus internationally 

developed growth curves. We found that birthweight was significantly positively associated with 

estimated foetal weight in the nested cohort of HIV-infected women. This points to the need for 

exploration of the ability of foetal biometry to independently and accurately identify IUGR cases 

antenatally in resource limited settings is essential. 
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Figure 1. Diagram showing selection of women from cohort for different stages of the analysis 
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Table 1. Baseline characteristics of all enrolled women who had a singleton pregnancy and at 
least one ultrasound.  
 

 Total 
(n = 1391) 

Age (years)  

     ≤24 410 (29.5) 

     25-29 400 (28.8) 

     ≥30 581 (41.8) 

Median (IQR) 28 (24-32) 

Height (cm)  

     ≤155 418 (30.1) 

     156-161 503 (36.2) 

     ≥162 364 (26.2) 

     missing 106 (7.6) 

Median (IQR) 158 (154-162) 

BMI (kg/m2)              

     Normal (≤24.9) 264 (19) 

     Overweight (25.0 – 29.9) 356 (25.6) 

     Obese (≥30) 652 (46.9) 

     missing 119 (8.6) 

Median (IQR) 30.1 (25.6-34.9) 

Haemoglobin (g/dL)  

     Normal (≥11.0) 592 (42.6) 

     Mild Anaemia (10-10.9) 326 (23.4) 

     Moderate Anaemia (7-9.9) 214 (15.4) 

     Severe Anaemia (<7) 1 (0.1) 

     missing 258 (18.5) 

Median (IQR) 11.0 (10.1-11.8) 

High Blood Pressure   

     Yes 85 (6.1) 

      No 1291 (92.8) 

     missing 15 (1.1) 

GA at first ANC visit (weeks)  

Median (IQR) 19 (16-23) 

Gravidity (number)  

     1 310 (22.3) 

     2 504 (36.2) 

     ≥3 560 (40.3) 

    missing 17 (1.2) 

Median (IQR) 2 (2-3) 

Parity (number)  

     0 383 (27.5) 

     1 535 (38.5) 

      ≥2 456 (32.8) 

     missing 17 (1.2) 

Median (IQR) 1 (0-2) 

HIV status  

  HIV-uninfected 874 (62.8) 

  HIV-infected 517 (37.2) 

ART enrolment status   

  HIV uninfected 874 (62.8) 

  Initiated before pregnancy 228 (16.4) 

  Initiated during pregnancy 289 (20.8) 
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Table 2. Baseline characteristics for HIV-infected nested cohort with singleton pregnancies (n=453) 
                                                                                                                                        

 Total (n = 453) 

Age (years)  

     ≤24 78 (17.2) 

     25-29 129 (28.5) 

     ≥30 246 (54.3) 

Median (IQR) 30 (26-34) 

Height (cm)  

     ≤155 99 (21.9) 

     156-161 172 (38) 

     ≥162 179 (39.5) 

     missing 3 (0.7) 

Median (IQR) 160 (156-164) 

BMI (kg/m2)              

     Underweight (<18.5) 5 (1.1) 

     Normal (18.5-24.9) 94 (20.8) 

     Overweight (25.0-29.9) 128 (28.3) 

     Obese (≥30.0) 223 (49.2) 

     missing 3 (0.7) 

Median (IQR) 29.9 (25.4-34.1) 

Haemoglobin (g/dL)  

     Normal (≥11.0) 225 (49.7) 

     Mild Anaemia (10-10.9) 98 (21.6) 

     Moderate Anaemia (7-9.9) 77 (17) 

     Severe Anaemia (<7) 0 (0) 

     missing 53 (11.7) 

Median (IQR) 11.1 (10.1-12) 

High blood pressure  

     Yes 21 (4.6) 

     No  428 (94.5) 

     Missing 4 (0.9) 

GA at second ultrasound (weeks)  

Median (IQR) 28 (27-28) 

Gravidity  

     1 73 (16.1) 

     2 159 (35) 

     3 132 (29.1) 

      ≥4 89 (19.7) 

     missing 0 (0) 

Median (IQR) 2 (2-3) 

Parity  

     0 99 (21.9) 

     1 184 (40.6) 

    ≥2 169 (37.3) 

    missing 1 (0.2) 

Median (IQR) 1 (1-2) 

ART enrolment status   

  Initiated before pregnancy 217 (48.9) 

  Initiated during pregnancy 236 (52.1) 
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Used alcohol in last 30 days   

  Yes 89 (19.7) 

   No 358 (79) 

   missing 6 (1.3) 

Used cigarettes in last 30 days  

   Yes 29 (6.4) 

   No  419 (92.5) 

   missing 5 (1.1) 

SES  

  Highest 156 (34.4) 

  Medium 145 (32) 

  Lowest  142 (31.3) 

   missing  10 (2.2) 

 

 

Table 3. Distribution of estimated foetal weights by percentile among enrolled women with a 
singleton pregnancy above 22 weeks GA in overall cohort (n=458) and nested cohort (n=446) 
 

 

 

Table 4. IUGR prevalence by HIV status among enrolled women with a singleton pregnancy 
above 22 weeks GA in overall cohort (n = 458) and nested cohort (n=446). 

 Overall cohort (n 
= 458) 

Nested cohort 
 (n=446) 

<3rd percentile  6 (1.3) 0 (0) 

3rd – 10th percentile 7 (1.5) 2 (0.4) 

10th – 50th percentile  73 (15.9) 12 (2.7) 

50th – 90th percentile 263 (57.4) 151 (33.9) 

90th – 95th percentile 59 (12.9) 98 (22) 

95th – 97th percentile  33 (7.2) 47 (10.5) 

≥97th percentile 17 (3.7) 136 (30.5) 

 Overall Cohort (n =458) 

 HIV Positive (n= 170) HIV Negative (n = 288) 

IUGR (<3rd percentile) 0 (0) 6 (2.1) 

No IUGR (>3rd percentile) 170 (100) 282 (97.9) 

<10th percentile 4 (2.4) 9 (3.1) 

>10th percentile 166 (97.6) 279 (96.9) 

 Nested Cohort (n= 446)  

IUGR (<3rd percentile) 0 (0)  

No IUGR (>3rd percentile) 446 (100)  

<10th percentile 2 (0.4)  

>10th percentile 444 (99.6)  
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Figure 2. Plot showing correlation between estimated foetal weight and birthweight at first 
and second ultrasounds.  
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Table 5. Linear regression of birthweight and estimated foetal weight at first ultrasound, 
adjusted for maternal characteristics in cohort of women with singleton pregnancies 
(n=1391).  

 

 

 

 

 

 

 

 
 
 

     

 Unadjusted Adjusted 

 Coefficient (95% CI) P-value Coefficient (95% CI) P-value 

Estimated Foetal 
Weight (grams) 

0.0036 (-0. to 0.12) 0.412 0.14 (-0.13,  0.4) 0.307 

Age  -1.23 (-7.82 to 5.36) 0.714 -7.28 (-17.38, 2.82) 0.157 

BP      

   Normotensive 1.00  1.00  

   Hypertensive -285.54 (-446.43 to  
-124.65) 

<0.001 -256.96 (-438.35 to -
74.59) 

0.006* 

Haemoglobin (g/dL) 16.94 (-14.88 to 
48.76) 

0.296 10.91 0.53 

HIV status      

   HIV negative 1.00  1.00  

   HIV positive -71.43 (-151.59 to 
8.73) 

0.081 -73.25 (-182.1, 35.6) 0.19 

ART status     

  Initiated during 
pregnancy 

1.00  1.00 0.45 

  Initiated before    
pregnancy  

53.86 (-73.94, 181.66) 0.41 54.58 (-86.46, 195.41)  

Gestational Age 1.8 (-6.89 to 10.5) 0.684 -12.8 (-39.9, 14.32) 0.354 

Gravidity -22.16 (-55.64 to 
11.32) 

0.194 -159.28 (-240.52, -
78.04) 

<0.001* 

Parity  25.99 (-12.48 to 
64.46) 

0.185 233.62 (139.38, 
327.86) 

<0.001* 

BMI  11.18 (5.82 to 16.54) <0.001 11.4 (5.12, 17.67) <0.001* 
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Table 6. Linear regression of birthweight and estimated foetal weight at second ultrasound 
done among HIV-infected nested cohort, adjusted for maternal characteristics. (n=453).  
 

 
 

 

 

 

 

 

 

 

 

 

 

  

         Unadjusted Adjusted 

 Coefficient (95% CI) P-value Coefficient (95% CI) P-value 

Estimated Foetal Weight (g) 0.226 (0.07, 0.39) 0.006* 1.16 (0.8, 1.52) <0.001* 

Age  0.314 (-9.61, 10.23) 0.95 -8. 05 (-19.52, 3.43) 0.169 

Gestational Age -0.67 (-26.72, 25.38) 0.96 -172.22 (-230.63, -113.8) <0.001* 

BMI  12.4 (4.5, 20.3) <0.002* 8.21 (0.001, 16.41) 0.04997* 

Number of Pregnancies 46.84 (-3.93, 97.6) 0.071 37.29 (-36.37, 110.94) 0.32 

Number of Children Born 42.82 (2.01, 83.63) 0.04* 31.88 (-19.99, 83.75) 0.228 

Used alcohol in last 30 days -46.75 (-105.27, 11.77) 0.117 7.98 (-91.1, 107.07) 0.874 

Used cigarettes in last 30 
days 

-66.1 (-134.73, 2.54) 0.06 17.55 (-113.85, 148.95) 0.793 

SES     

   Medium  -134.67 (-265.54, -3.79) 0.044* -170.74 (-299.63, -41.85) 0.01* 

   Lowest -64.13 (-196.22, 67.95) 0.34 -78.29 (-209.61, 53.04) 0.24 

Haemoglobin (g/dL) 7.46 (-32.38, 47.31) 0.713 6.55 (-32.04, 45.14) 0.739 

Blood Pressure      

    Normotensive   1.00  

    Hypertensive -204.8 (-470.48, 60.88) 0.13 -196.19 (-453.58, 61.21) 0.135 
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 Supplementary table 1. Baseline characteristic for removed participants based on GA  

 Total 
(n = 1391) 

 ≥ 22 weeks GA 
(n = 458) 

<22 weeks GA 
(n = 933) 

P-value  
(Chi2/Fishers exact) 

Age (years)    0.034 

     ≤24 410 (29.5) 152 (33.2) 258 (27.7)  

     25-29 400 (28.8) 114 (24.9) 286 (30.7)  

     ≥30 581 (41.8) 192 (41.9) 389 (41.7)  

Median (IQR) 28 (24-32) 28 (23-32) 28 (24-32)  

Height (cm)    0.353 

     ≤155 418 (30.1) 134 (29.3) 284 (30.4)  

     156-161 503 (36.2) 157 (34.3) 346 (37.1)  

     ≥162 364 (26.2) 130 (28.4) 234 (25.1)  

     missing 106 (7.6) 37 (8.1) 69 (7.4)  

Median (IQR) 158 (154-162) 158 (154-162.5) 158 (154-162)  

BMI (kg/m2)                0.506 

     Normal  264 (19) 79 (17.2) 185 (19.8)  

     Overweight 356 (25.6) 118 (25.8) 238 (25.5)  

     Obese 652 (46.9) 221 (48.3) 431 (46.2)  

     missing 119 (8.6) 40 (8.73) 79 (8.5)  

Median (IQR) 30.1 (25.6-34.9) 30.3 (25.8-35.4) 29.9 (25.6-34.7)  

Haemoglobin (g/dL)    <0.001 

     Normal (≥11.0) 592 (42.6) 149 (32.5) 443 (47.5)  

     Mild Anaemia (10-10.9) 326 (23.4) 126 (27.5) 200 (21.4)  

     Moderate Anaemia (7-9.9) 214 (15.4) 98 (21.4) 116 (12.4)  

     Severe Anaemia (<7) 1 (0.1) 0 1 (0.1)  

     missing 258 (18.5) 85 (18.6) 173 (18.5)  

Median (IQR) 11.0 (10.1-11.8) 10.6 (9.9-11.5) 11.1 (10.3-12.0)  

High Blood Pressure     0.7922 

     Yes 85 (6.1) 27 (5.9) 58 (6.2)  

      No 1291 (92.8) 428 (93.4) 863 (92.5)  

     missing 15 (1.1) 3 (0.7) 12 (1.3)  

GA at first ANC visit (weeks)     

Median (IQR) 19 (16-23) 24 (23-27) 17 (16-19)  

Gravidity (number)    0.9421 

     1 310 (22.3) 100 (21.8) 210 (22.5)  

     2 504 (36.2) 167 (36.5) 337 (36.1)  

     ≥3 560 (40.3) 187 (40.8) 373 (40)  

    missing 17 (1.2) 4 (0.8) 13 (1.4)  

Median (IQR) 2 (2-3) 2 (2-3) 2 (2-3)  

Parity (number)    0.0462 

     0 383 (27.5) 113 (24.7) 270 (28.9)  

     1 535 (38.5) 171 (37.3) 364 (39)  

      ≥2 456 (32.8) 170 (37.1) 286 (30.7)  

     missing 17 (1.2) 4 (0.9) 13 (1.4)  

Median (IQR) 1 (0-2) 1 (1-2) 1 (0-2)  

HIV status    0.9786 

  HIV negative 874 (62.8) 288 (62.9) 586 (62.8)  

  HIV positive 517 (37.2) 170 (37.1) 347 (37.2)  

ART enrolment status     0.5306 

  HIV negative 874 (62.8) 288 (62.9) 586 (62.8)  

  Initiated before pregnancy 228 (16.4) 69 (15.1) 159 (17)  

  Initiated during pregnancy 289 (20.8) 101 (22.1) 188 (20.2)  
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Supplementary table 2. Linear regression of estimated foetal weight and maternal 
characteristics (ultrasound 1) 

Unadjusted Adjusted Missing 
(%) 

Coefficient (95% CI) P-value Coefficient (95% 
CI) 

P-value

Age -1.96 (-5.9, 1.98) 0.329 -0.02 (-2.31, 2.28) 0.989 

BP 15 

   Normotensive 1.00 1.00 

 Hypertensive -31.9 (-128.68, 64.88) 0.518 -8.22 (-49.24,
32.8) 

0.694 

Haemoglobin (g/dL) -54.27 (-73.37, -35.17) <0.001 5.88 (-1.85, 
13.61) 

0.136 258 

HIV status 

   HIV negative 1.00 1.00 

   HIV positive 29.71 (-18.13, 77.56) 0.223 17.74 (-7.13, 
42.6) 

0.162 

ART status 

   Initiating 1.00 1.00 

   Stabilized -1.31 (-77.7, 75.1) 0.973 10.56 (-21.72, 
42.85) 

0.521 

Gestational Age 1.8 (-6.89 to 10.5) 0.684 94.3 (92.02, 
96.58) 

<0.001* 

Gravidity 25.04 (4.81, 45.27) 0.015 7.6 (-10.97, 
26.17) 

0.422 17 

Parity 47.62 (24.53, 70.71) <0.001 -6.52 (-27.88,
14.83) 

0.549 17 

BMI 2.37 (-0.52, 5.26) 0.108 0.092 (-1.1, 1.27) 0.878 119 
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 Supplementary table 3. Linear regression of estimated foetal weight and maternal 
characteristics (ultrasound 2)  

 Unadjusted Adjusted 

Coefficient (95% CI) P-value Coefficient (95% CI) P-value

Age -2.62 (-8.31,3.07) 0.366 1.93 (-1.32, 5.18) 0.243 

Gestational Age 145.91 (139.33, 152.5) <0.001 146.36 (139.1, 153.67) <0.001* 

BMI 1.72 (-2.86, 6.3) 0.46 2.75 (0.42, 5.08) 0.021* 

Number of Pregnancies -7.3 (-36.5, 21.9) 0.623 -8.61 (-29.6, 12.38) 0.421 

Number of Children Born -7.47 (-31.03, 16.1) 0.534 -0.94 (-15.78, 13.9) 0.901 

Used alcohol in last 30 days -33.7 (-67.45, 0.06) 0.05 -10.17 (-38.44, 18.11) 0.48 

Used cigarettes in last 30 
days 

-37.85 (-77.52, 1.83) 0.06 6.55 (-30.94, 44.04) 0.731 

SES 

 Medium 16.11 (-59.56, 91.78) 0.676 -5.34 (-41.9, 31.21) 0.774 

   Lowest 22.03 (-54.06, 98.11) 0.570 -8.82 (-46.15, 28.51) 0.643 

Haemoglobin 1.21 (-22.42, 24.83) 0.92 -4.48 (-15.43, 6.47) 0.421 

Blood Pressure 

  Normotensive 1.00 1.00 

  Hypertensive 23.31 (-124.64, 171.26) 0.757 -7.28 (-77.28, 62.71) 0.838 
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Supplementary table 4. Association between estimated foetal weight at first & second 
ultrasound and adverse birth outcomes (size for gestational age) 

Ultrasound 1: Adjusted for BP, Gravidity, Parity and BMI. Normal for gestational age is the base. 
Missing (n) = 144 size for gestational age. Ultrasound 2: Adjusted for gestational age, BMI, 
number of children born and SES. Missing (n) = 11 size for gestational age.  

Ultrasound 1 Ultrasound 2 

Unadjusted Adjusted Unadjusted Adjusted 

Coefficient (95% CI) Coefficient (95% CI) Coefficient (95% CI) Coefficient (95% CI) 

Estimated 
foetal weight 

   SGA 1.000 (1.000, 1.000) 1.000 (1.000, 
1.001) 

0.999 (0.998, 
1.000) 

0.994 (0.992, 0.996) 

   LGA 1.000 (0.999, 1.000) 1.000 (0.999, 
1.000) 

1.001 (1.000, 
1.002) 

1.006 (1.005, 1.007) 
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Supplementary table 5. Baseline characteristics of HIV positive compared to HIV negative 
women in outcome categories: small for gestational age and low birth weight 

 Small for gestational age 
(n = 110) 

 Low birth weight (<2500g) 
(n = 208) 

 

 HIV positive 
(n = 53) 

HIV negative 
(n = 57) 

P-value  
(Chi2/Fishers 

exact) 

HIV positive 
(n = 84) 

HIV negative 
(n = 124) 

P-value  
(Chi2/Fishers exact) 

Age (years)   0.3008   0.8081 

     ≤24 13 (24.5) 20 (30.1)  25 (29.8) 39 (31.5)  

     25-29 13 (24.5) 16 (28.1)  23 (27.4) 29 (23.4)  

     ≥30 27 (50.9) 21 (36.8)  36 (42.9) 56 (45.2)  

Median (IQR) 30 (25-35) 27 (23-32)  29 (24-33) 28 (24-33)  

Height (cm)   0.4178   0.7461 

     ≤155 22 (41.5) 22 (38.6)  35 (41.7) 47 (37.9)  

     156-161 20 (37.7) 26 (45.6)  31 (36.9) 40 (32.3)  

     ≥162 10 (18.9) 6 (10.5)  15 (17.9) 26 (21)  

     missing 1 (1.9) 3 (5.3)  3 (3.6) 11 (8.9)  

Median (IQR) 156 (151-159) 157 (154-159)  156 (153-160) 157 (153-161)  

BMI (kg/m2)               0.7317   0.0909 

     Normal  14 (26.4) 17 (29.8)  31 (36.9) 27 (21.8)  

     Overweight 18 (34) 15 (26.3)  20 (23.8) 33 (26.6)  

     Obese 19 (35.8) 21 (36.8)  29 (34.5) 52 (41.9)  

     missing 2 (3.8) 4 (7)   4 (4.8) 12 (9.6)  

Median (IQR) 27.5 (24.6-
32.3) 

28.9 (22.7-
34.1) 

 25.9 (23.6-
31.6) 

29.1 (25.3-
33.8) 

 

Haemoglobin (g/dL)   0.6779   0.4824 

     Normal (≥11.0) 25 (47.1) 24 (42.1)  32 (38.1) 54 (43.5)  

     Mild Anaemia (10-
10.9) 

11 (20.8) 16 (28.1)  19 (22.6) 21 (16.9)  

     Moderate Anaemia 
(7-9.9) 

9 (17) 9 (15.8)  15 (17.9) 18 (14.5)  

     Severe Anaemia (<7) 0 (0) 0 (0)  0 (0) 0 (0)  

     missing 8 (15.1) 8(14)  18 (21.4) 31 (25)  

Median (IQR) 11.1 (10.0-
12.0) 

10.9 (10.1-
11.7) 

 10.9 (10.0-
11.5) 

11.0 (10.1-
11.9) 

 

High Blood Pressure    0.8594   0.1896 

     Yes  3 (5.7) 3 (5.3)  41 (48.8) 53 (42.7)  

      No 28 (52.8) 24 (42.1)  18 (21.4) 37 (29.8)  

     missing 22 (41.5) 30 (52.6)  25 (29.8)  34 (27.4)  

GA at first ANC visit 
(weeks) 

      

Median (IQR) 20 (17-24) 20 (17-22)  20 (17-24) 19 (16-22)  

Gravidity (number)   0.9935   0.8677 

     1 12 (22.6) 13 (22.8)  19 (22.6)  26 (20.1)  

     2 20 (37.7) 22 (38.6)   27 (32.1) 37 (29.8)  

     ≥3 21 (39.6) 22 (38.6)  37 (44) 59 (47.6)  

    missing 0 (0) 0 (0)  1 (1.2) 2 (1.6)  

Median (IQR) 2 (2-3) 2 (2-3)  2 (2-3) 2 (2-4)  

Parity (number)   0.725   0.9301 

     0 14 (26.4) 19 (33.3)  23 (27.4) 36 (29)  

     1 22 (41.5) 22 (38.6)  32 (38.1) 44 (35.5)  

      ≥2 17 (32.1) 16 (28.1)  28 (33.3) 42 (33.9)  

     missing 0 (0) 0 (0)  1 (1.2) 2 (1.6)  

Median (IQR) 1 (0-2) 1 (0-2)  1 (0-2) 1 (0-2)  
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Appendix 13 

Research article 

Criteria 

Research articles should report on original primary research, or present a new experimental 
or computational method, test or procedure. Manuscripts reporting results of a clinical trial 
must conform to CONSORT 2010 guidelines. Authors of randomized controlled trials should 
submit a completed CONSORT checklist alongside their manuscript, available 
at www.consort-statement.org. Research articles may also report on systematic reviews of 
published research provided they adhere to the appropriate reporting guidelines which are 
detailed in our editorial policies. Please note that non-commissioned pooled analyses of 
selected published research and bibliometric analyses will not be considered. Studies 
reporting descriptive results from a single institution or region will only be considered if 
analogous data have not been previously published in a peer reviewed journal and the 
conclusions provide distinct insights that are of relevance to a regional or international 
audience. 

BMC Pregnancy and Childbirth strongly supports open research, including transparency and 
openness in reporting. Further details of our Data availability policy can be found on the 
journal's About page. 

BMC Pregnancy and Childbirth strongly encourages that all datasets on which the conclusions 
of the paper rely should be available to readers. We encourage authors to ensure that their 
datasets are either deposited in publicly available repositories (where available and 
appropriate) or presented in the main manuscript or additional supporting files whenever 
possible. Please see Springer Nature’s information on recommended repositories. Where a 
widely established research community expectation for data archiving in public repositories 
exists, submission to a community-endorsed, public repository is mandatory. A list of data 
where deposition is required, with the appropriate repositories, can be found on the Editorial 
Policies Page. 
Preparing your manuscript 

The information below details the section headings that you should include in your 
manuscript and what information should be within each section. 

Please note that your manuscript must include a 'Declarations' section including all of the 
subheadings (please see below for more information). 

Title page 

The title page should: 

 present a title that includes, if appropriate, the study design e.g.:

http://www.consort-statement.org/
http://www.biomedcentral.com/about/editorialpolicies
https://bmcpregnancychildbirth.biomedcentral.com/about
http://www.springernature.com/gp/group/data-policy/repositories
http://www.biomedcentral.com/getpublished/editorial-policies#availability+of+data+and+materials
http://www.biomedcentral.com/getpublished/editorial-policies#availability+of+data+and+materials


94 

 

o "A versus B in the treatment of C: a randomized controlled trial", "X is a risk 
factor for Y: a case control study", "What is the impact of factor X on subject Y: 
A systematic review" 

o or for non-clinical or non-research studies a description of what the article 
reports 

 list the full names and institutional addresses for all authors 

o if a collaboration group should be listed as an author, please list the Group 
name as an author. If you would like the names of the individual members of 
the Group to be searchable through their individual PubMed records, please 
include this information in the “Acknowledgements” section in accordance 
with the instructions below 

 indicate the corresponding author 

Abstract 

The Abstract should not exceed 350 words. Please minimize the use of abbreviations and do 
not cite references in the abstract. Reports of randomized controlled trials should follow 
the CONSORT extension for abstracts. The abstract must include the following separate 
sections: 

 Background: the context and purpose of the study 

 Methods: how the study was performed and statistical tests used 

 Results: the main findings 

 Conclusions: brief summary and potential implications 

 Trial registration: If your article reports the results of a health care intervention on 
human participants, it must be registered in an appropriate registry and the 
registration number and date of registration should be in stated in this section. If it 
was not registered prospectively (before enrollment of the first participant), you 
should include the words 'retrospectively registered'. See our editorial policies for 
more information on trial registration 

Keywords 

Three to ten keywords representing the main content of the article. 

Background 

The Background section should explain the background to the study, its aims, a summary of 
the existing literature and why this study was necessary or its contribution to the field. 

Methods 

The methods section should include: 

 the aim, design and setting of the study 

 the characteristics of participants or description of materials 

http://www.consort-statement.org/
https://www.biomedcentral.com/getpublished/editorial-policies
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 a clear description of all processes, interventions and comparisons. Generic drug 
names should generally be used. When proprietary brands are used in research, 
include the brand names in parentheses 

 the type of statistical analysis used, including a power calculation if appropriate 

Results 

This should include the findings of the study including, if appropriate, results of statistical 
analysis which must be included either in the text or as tables and figures. 

Discussion 

This section should discuss the implications of the findings in context of existing research and 
highlight limitations of the study. 

Conclusions 

This should state clearly the main conclusions and provide an explanation of the importance 
and relevance of the study reported. 

List of abbreviations 

If abbreviations are used in the text they should be defined in the text at first use, and a list of 
abbreviations should be provided. 
Declarations 

All manuscripts must contain the following sections under the heading 'Declarations': 

 Ethics approval and consent to participate 

 Consent for publication 

 Availability of data and materials 

 Competing interests 

 Funding 

 Authors' contributions 

 Acknowledgements 

 Authors' information (optional) 

Please see below for details on the information to be included in these sections. 

If any of the sections are not relevant to your manuscript, please include the heading and 
write 'Not applicable' for that section.  

Ethics approval and consent to participate 

Manuscripts reporting studies involving human participants, human data or human tissue 
must: 
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 include a statement on ethics approval and consent (even where the need for 
approval was waived) 

 include the name of the ethics committee that approved the study and the 
committee’s reference number if appropriate 

Studies involving animals must include a statement on ethics approval and for experimental 
studies involving client-owned animals, authors must also include a statement on informed 
consent from the client or owner. 

See our editorial policies for more information. 

If your manuscript does not report on or involve the use of any animal or human data or 
tissue, please state “Not applicable” in this section. 

Consent for publication 

If your manuscript contains any individual person’s data in any form (including any individual 
details, images or videos), consent for publication must be obtained from that person, or in 
the case of children, their parent or legal guardian. All presentations of case reports must 
have consent for publication. 

You can use your institutional consent form or our consent form if you prefer. You should not 
send the form to us on submission, but we may request to see a copy at any stage (including 
after publication). 

See our editorial policies for more information on consent for publication. 

If your manuscript does not contain data from any individual person, please state “Not 
applicable” in this section. 

Availability of data and materials 

All manuscripts must include an ‘Availability of data and materials’ statement. Data 
availability statements should include information on where data supporting the results 
reported in the article can be found including, where applicable, hyperlinks to publicly 
archived datasets analysed or generated during the study. By data we mean the minimal 
dataset that would be necessary to interpret, replicate and build upon the findings reported 
in the article. We recognise it is not always possible to share research data publicly, for 
instance when individual privacy could be compromised, and in such instances data 
availability should still be stated in the manuscript along with any conditions for access. 

Data availability statements can take one of the following forms (or a combination of more 
than one if required for multiple datasets): 

 The datasets generated and/or analysed during the current study are available in the 
[NAME] repository, [PERSISTENT WEB LINK TO DATASETS] 

http://www.biomedcentral.com/submissions/editorial-policies#ethics+and+consent
https://resource-cms.springernature.com/springer-cms/rest/v1/content/6633976/data/v2
http://www.biomedcentral.com/submissions/editorial-policies#consent+for+publication
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 The datasets used and/or analysed during the current study are available from the 
corresponding author on reasonable request. 

 All data generated or analysed during this study are included in this published article 
[and its supplementary information files]. 

 The datasets generated and/or analysed during the current study are not publicly 
available due [REASON WHY DATA ARE NOT PUBLIC] but are available from the 
corresponding author on reasonable request. 

 Data sharing is not applicable to this article as no datasets were generated or 
analysed during the current study. 

 The data that support the findings of this study are available from [third party name] 
but restrictions apply to the availability of these data, which were used under license 
for the current study, and so are not publicly available. Data are however available 
from the authors upon reasonable request and with permission of [third party name]. 

 Not applicable. If your manuscript does not contain any data, please state 'Not 
applicable' in this section. 

More examples of template data availability statements, which include examples of openly 
available and restricted access datasets, are available here. 

BioMed Central also requires that authors cite any publicly available data on which the 
conclusions of the paper rely in the manuscript. Data citations should include a persistent 
identifier (such as a DOI) and should ideally be included in the reference list. Citations of 
datasets, when they appear in the reference list, should include the minimum information 
recommended by DataCite and follow journal style. Dataset identifiers including DOIs should 
be expressed as full URLs. For example: 

 
Hao Z, AghaKouchak A, Nakhjiri N, Farahmand A. Global integrated drought monitoring and 
prediction system (GIDMaPS) data sets. figshare. 
2014. http://dx.doi.org/10.6084/m9.figshare.853801 

With the corresponding text in the Availability of data and materials statement: 

The datasets generated during and/or analysed during the current study are available in the 
[NAME] repository, [PERSISTENT WEB LINK TO DATASETS].[Reference number]  

If you wish to co-submit a data note describing your data to be published in BMC Research 
Notes, you can do so by visiting our submission portal. Data notes support open data and 
help authors to comply with funder policies on data sharing. Co-published data notes will be 
linked to the research article the data support (example). 

Competing interests 

All financial and non-financial competing interests must be declared in this section. 

http://www.springernature.com/gp/group/data-policy/data-availability-statements
https://figshare.com/collections/Global_Integrated_Drought_Monitoring_and_Prediction_System_GIDMaPS_Data_Sets/853801
https://bmcresnotes.biomedcentral.com/about/introducing-data-notes
https://bmcresnotes.biomedcentral.com/about/introducing-data-notes
http://www.editorialmanager.com/resn/
https://www.springernature.com/gp/open-research/open-data
https://bmcresnotes.biomedcentral.com/articles/10.1186/s13104-019-4495-6
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See our editorial policies for a full explanation of competing interests. If you are unsure 
whether you or any of your co-authors have a competing interest please contact the editorial 
office. 

Please use the authors initials to refer to each authors' competing interests in this section. 

If you do not have any competing interests, please state "The authors declare that they have 
no competing interests" in this section. 

Funding 

All sources of funding for the research reported should be declared. The role of the funding 
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writing the manuscript should be declared. 
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The individual contributions of authors to the manuscript should be specified in this section. 
Guidance and criteria for authorship can be found in our editorial policies. 

Please use initials to refer to each author's contribution in this section, for example: "FC 
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Please note that individual names may not be present in the PubMed record at the time a 
published article is initially included in PubMed as it takes PubMed additional time to code 
this information. 

Authors' information 

This section is optional. 

You may choose to use this section to include any relevant information about the author(s) 
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