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Objective To evaluate the extent to which stillbirths affect

international comparisons of preterm birth rates in low- and

middle-income countries.

Design Secondary analysis of a multi-country cross-sectional study.

Setting 29 countries participating in the World Health Organization

Multicountry Survey on Maternal and Newborn Health.

Population 258 215 singleton deliveries in 286 hospitals.

Methods We describe how inclusion or exclusion of stillbirth

affect rates of preterm births in 29 countries.

Main outcome measures Preterm delivery.

Results In all countries, preterm birth rates were substantially lower

when based on live births only, than when based on total births.

However, the increase in preterm birth rates with inclusion of

stillbirths was substantially higher in low Human Development Index

(HDI) countries [median 18.2%, interquartile range (17.2–34.6%)]

compared with medium (4.3%, 3.0–6.7%), and high-HDI countries

(4.8%, 4.4–5.5%).

Conclusion Inclusion of stillbirths leads to higher estimates of

preterm birth rate in all countries, with a disproportionately large

effect in low-HDI countries. Preterm birth rates based on live

births alone do not accurately reflect international disparities in

perinatal health; thus improved registration and reporting of

stillbirths are necessary.

Keywords Global health, low income country, perinatal health,

preterm birth, stillbirth.

Tweetable abstract Inclusion of stillbirths increases preterm birth

rates estimates, especially in low-HDI countries.
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Introduction

Approximately 15 million infants are born preterm (<37
completed weeks of gestation) each year.1 Preterm birth

contributes to over one-third of the world’s estimated 3

million annual neonatal deaths.2–4 Even after surviving the

neonatal period, infants born preterm are at increased risk

for delayed childhood development and low economic pro-

ductivity.5 Acknowledgement of the large public health

impact of preterm birth has led to many preventive initia-

tives, including comprehensive antenatal care, childbirth

services and emergency obstetric care.6–8 The preterm birth

rate serves as an important population perinatal health

indicator for evaluating the success of these initiatives

within countries, and for comparisons among countries

and regions.

At the same time, more than 2.6 million stillbirths occur

per year.9 Compared with other indicators of perinatal

health, the stillbirth rate has long been neglected.10 Only

recently has its importance been acknowledged; the World

Health Organization now includes it in ‘100 Core Health

Indicators’,11 and the World Health Assembly has targeted

the reduction of stillbirths to below 12 per 1000 total births

in every country by 2030.1

Although WHO defines preterm birth as any birth before

37 weeks of pregnancy,3,12,13 stillbirths are usually excluded

when calculating and reporting preterm birth rates, and

hence in international comparisons.3,12 However, in popu-

lations where the burden of stillbirths is large, such exclu-

sions may limit the utility of the preterm birth rate as a

robust perinatal indicator. The majority of stillbirths occur

before term,14,15 and major causes of stillbirth and preterm

birth (such as maternal malnutrition and infection) over-

lap.10,11 Preterm delivery rates might therefore be larger in

populations with high stillbirth rates if stillbirths were

included when calculating preterm birth rates. Additionally,

improved provision of obstetric interventions to prevent

stillbirth often involve an increase in provider-initiated

early delivery.16 Further complications include the non-

registration of stillbirths and the misclassification of early

neonatal deaths as stillbirths.17–20 Such factors could result

in an artefactual reduction in the reported preterm birth

rate, which would not necessarily reflect better perinatal

care. However, this issue has been largely ignored, particu-

larly in middle- and low-income countries.

In this study, we use data from the WHO Multicountry

Survey on Maternal and Newborn Health to assess the

extent to which inclusion or exclusion of stillbirths

contributes to differences in reported preterm birth rates

among a large group of countries following a common

study protocol.

Methods

Data source
We conducted a secondary analysis of data from the World

Health Organization Multicountry Study on Maternal and

Newborn Health (WHOMCS), whose methods have been

detailed elsewhere.21,22 WHOMCS is a cross-sectional study

whose primary aim was to collect information on maternal

deaths and ‘near-miss’ cases (women with severe complica-

tions during pregnancy or delivery who nearly died but sur-

vived) among all deliveries from a sample of health facilities

in Africa, Asia, Latin America and the Middle East. A strati-

fied, multistage cluster sampling strategy was used to select

participating health facilities. From each country, the capital

city and two randomly selected provinces (with sampling

probability proportional to population) were sampled in

each of the 29 participating countries. From a list of all facili-

ties in each sampled jurisdiction with at least 1000 deliveries

per year and the capacity to perform caesarean delivery, up

to seven facilities were selected for participation (with sam-

pling probability proportional to number of deliveries). A

total of 359 health facilities were selected. Trained health staff

at those facilities used a standardised form to collect data

directly from the medical records of all women who were

admitted for delivery or presented with severe maternal out-

comes during the study period, irrespective of gestational age

or site of delivery. Facilities collected data for 2–4 months

between May 2010 and December 2011. All eligible women’s

data on demographic and reproductive characteristics, preg-

nancy outcomes, maternal and newborn morbidity and mor-

tality and their management were collected before hospital

discharge, death, or the eighth postpartum day, whichever

came first.

Study population
We restricted our analysis to women who had singleton

livebirth or stillbirth deliveries of at least 22 weeks gesta-

tional age. We first identified health facilities with reliable

assessment of gestational age and then identified individual

births with plausible gestational age assessment when

assessed against birthweight (see Figure 1).23 To achieve

this, we excluded facilities at which gestational age data

were missing for >5% of all deliveries and those with an

unreliable distribution of gestational age: facilities at which
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more than 70% of all deliveries occurred at a specific week,

or at which more than 30% or less than 1% of all deliveries

were preterm. We also excluded facilities with <100 total

deliveries. A total of 286 health facilities remained of the

total 359.

At the individual level, from the 264 266 records at the

286 health facilities, we excluded termination of pregnancy

(TOP), births of less than 22 completed weeks’ gestation,

multiple births, births with missing or inconsistent birth-

weight for gestational age (using the exclusion criteria pro-

posed by Alexander et al.23), and deliveries with missing

data for vital status at birth. After these exclusions, 258 215

deliveries from 286 facilities in 29 countries remained and

were included in our analysis. Details of excluded facilities

and births are shown in Table S1.

Variables and measurements
In the WHOMCS, gestational age was based on the best

obstetric assessment according to local practices. The

method used to assess individual gestational age was not

recorded and thus may or may not have included the use

of ultrasound. Deliveries were coded as livebirth, or still-

birth (macerated or fresh). Live birth was defined accord-

ing to WHO criteria: complete expulsion or extraction

from its mother of a product of conception, irrespective of

the duration of the pregnancy, with any evidence of life.

In this secondary analysis, we grouped gestational ages

following the WHO preterm birth categorisation:3

extremely preterm (22–27 weeks), very preterm (28–
31 weeks), moderate preterm (32–33 weeks) or late

preterm (34–36 weeks). To investigate variations in live

birth registration at very early gestations, we additionally

used the sub-categories of 22–23 weeks and 24–27 weeks.

For international comparison, WHO recommends report-

ing of stillbirths of at least 28 weeks’ gestation. We there-

fore also estimated overall preterm birth rates in each

country, and by human development index (HDI, see

below) category, for both 22–36 weeks and 28–36 weeks.

As an indicator of country development, we classified

countries according to the United Nations Development

Programme HDI ranking in 2012.24 The participating

countries in the WHOMCS were categorised into three

groups: very high or high (HDI ranking 1–100: Japan,

Qatar, Argentina, Mexico, Lebanon, Peru, Brazil, Ecuador

and Sri Lanka); medium (HDI ranking 101–150: Jordan,

China, Thailand, Mongolia, Occupied Territory of Pales-

tine, Paraguay, Philippines, Vietnam, Nicaragua, India and

Cambodia); or low (HDI ranking >150: Kenya, Pakistan,
Angola, Nigeria, Nepal, Uganda, Afghanistan, Democratic

Republic of Congo and Nigeria) (countries are listed in

order of HDI).

Statistical analysis
We first compared the proportion of live births among

deliveries in each country, and among the three HDI

groups, using the Kruskal–Wallis test for the following ges-

tational age strata: 22–23 weeks, 24–27 weeks, 28–31 weeks,

32–33 weeks and 34–36 weeks. Next, to assess the impact

of including or excluding stillbirths on preterm rates, we

calculated rates of preterm delivery (22–36 weeks), extreme

WHO Multi-country Study on Maternal and Newborn 
Health 29 countries 359 health facilities 314,623 deliveries 

Exclusion criteria for facilities # countries # facilities # deliveries 
Total deliveries <100 6 23 1, 111
Gestational age missing>5% 6 13 11,884
Clustering of >70% deliveries in one 
gestational week

7 22 30,298

Preterm birth >30% 3 3 1,682
Preterm birth <1% 7 12 5,382

29 countries 286 health facilities 264,266 deliveries

Exclusion criteria for births within selected facilities # deliveries 
Unknown gestational age or birth weight 1143
Termination of pregnancy (TOP), Deliveries <22 weeks  403
Multiple births 4,033
Inconsistent birthweights for gestational age* 411
Missing on status at birth 61

29 countries 286 health facilities 258,215 deliveries

Figure 1. Study population flow chart. *Used Alexander et al. US reference for fetal growth.
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or very preterm (22–31 weeks) delivery, and moderate and

late preterm (32–36 weeks) delivery in each country using

two methods:

� Restriction to live births in each gestational age stratum

(denominator: all live births ≥22 weeks’ gestation)

� Combined live births and stillbirths in each gestational

age stratum (denominator: total of live births plus still-

births ≥22 weeks’ gestation).

Finally, the change in preterm delivery rates when still-

births are included was calculated for each country, as well

as by HDI category.

As gestational age estimation may be imprecise com-

pared with birthweight in settings where ultrasound is not

routinely available, we further conducted a sensitivity anal-

ysis based on birthweight categories (<1000, 1000–1499,
1500–1999, 2000–2499, ≥2500 g) and compared the low

birthweight rate instead of the preterm birth rate. Our

main analysis was limited to singletons, as previous studies

have shown that rates of multiple pregnancy (which have

much higher preterm birth rates25) differ widely among

countries26,27 and could affect the association of interest27;

however, we also conducted a sensitivity analysis that

included multiple births.

All analyses were conducted using STATA 13.1 MP

(Stata Corp, College Station, TX, USA).

Results

A total of 236 862 live births were recorded in the 29

countries, 17 004 of which were preterm. At the same time,

there were 4349 stillbirths, of which 2144 were preterm.

Box plots of proportions of live births among all deliveries

(live births + stillbirths) in each country are shown in

Figure 2 by HDI level for each gestational age stratum of

22–23, 24–27, 28–31 and 32–36 weeks (country-specific

proportions are shown in Table S2). The proportion of live

births increased with higher gestational age in all HDI

groups, with median percentages ranging from 0–36.7% at

22–23 weeks to 91.5–97.9% at 34–36 weeks. Proportions of

live births for deliveries at 24–27 weeks, 28–31 weeks, 32–
33 weeks and 34–36 weeks in medium-HDI countries were

not significantly different from those in high-HDI coun-

tries. In low-HDI countries, however, proportions of live

births were significantly lower than in medium and high-

HDI countries for all gestational age categories except 22–
23 weeks (Table S3). A similar association was seen when

birthweight categories (<1000, 1000–1499, 1500–1999,
2000–2499 g) were used instead of gestational age cate-

gories (Table S4), as well as when multiple births were

included (Table S5).

Preterm birth rates calculated including and excluding

stillbirths are shown in Table 1. In all countries, preterm

birth rates were higher when stillbirths were included.

However, when grouped by HDI, the increase in preterm

birth rates when including stillbirths was significantly larger

in low-HDI countries [median 18.2%, interquartile range

(17.2–34.6%)] compared with medium-HDI (4.3%, 3.0–
6.7%) and very high/high-HDI countries (4.8%, 4.4–5.5%)

(Table 2).The increase was larger in lower gestational age

categories, but the disparity between low-HDI countries

Figure 2. Proportions of live births among all deliveries [live births/(live births + stillbirths)] by gestational age category. Comparison between

countries of high-, medium- and low-Human Developmental Index participating in the WHO Multicountry Survey. Centre lines show the medians; box

limits indicate the 25th and 75th percentiles; whiskers extend 1.5 times the interquartile range from 25th and 75th percentiles; circles show outliers.
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and very high/high- and medium-HDI countries was

apparent in all gestational age categories. This disparity

could also be observed when birthweight categories were

used instead of gestational age categories, as well as when

multiple births were included in the analysis (Tables S6

and S7).

Preterm birth rates were lowest in low-HDI countries,

compared with medium- and very high/high-HDI coun-

tries, regardless of inclusion/exclusion of stillbirths. How-

ever, the proportion of term live births among all deliveries

was lower among low-HDI countries (91.1%, 90.0–94.0%)

than among very high/high-HDI countries (93.2%, 92.7–
93.6%).

Discussion

Main findings
The preterm birth rate has long been an important indica-

tor of perinatal population health. For many countries,

achievement of the Millennium Developmental Goal 4 was

strongly influenced by progress in reducing neonatal

deaths, of which preterm birth is the leading cause.2 Many

initiatives7,28 have aimed to develop and evaluate interven-

tions to reduce preterm birth rates. However, our study

suggests that without simultaneous evaluation of stillbirth

rates, the true picture of preterm birth may be obscured.

In this cross-sectional study of a sample of deliveries in 29

countries, we found that inclusion of stillbirths substan-

tially increases the preterm birth rate in all countries. The

degree of change was particularly large in low-HDI coun-

tries, with preterm births increasing by over 8% for all nine

such countries when stillbirths were included.

Strengths and limitations
The main strengths of our study include its large sample

size, multicountry context, and uniformity in study meth-

ods and definitions of study variables collected across

countries. However, our study also has several limitations.

First, recorded gestational age was based on the best obstet-

ric estimate, the basis of which was not recorded. The

validity of gestational age estimation was questionable in

some health facilities, leading to the exclusion of 22 facili-

ties that reported over 70% of all births to have occurred

during one gestational week. We attempted to minimise

Table 2. Gestational age-specific birth rates calculated including versus excluding stillbirths among countries of high-, medium- and low-Human

Development Index participating in the WHO MultiCountry Survey

HDI Excluding stillbirths

(per 1000 deliveries)

Including stillbirths

(per 1000 deliveries)

Increase in rates by

including stillbirths (%)*

Increase in rates by

including stillbirths (%)**

Median IQR Median IQR Median IQR Median IQR

22–27 weeks Very high & high 1.7 0.5–2.6 3.3 1.7– 3.5 0.09 0.06–0.11 49.3 32.8–127.5

Medium 2.0 0.8–3.6 3.7 1.7–4.2 0.09 0.03–0.12 49.1 24.3–96.8

Low 1.1 0.9–1.6 3.3 2.5–3.6 0.21 0.17–0.31 188.7 142.3–222.3

28–31 weeks Very high & high 5.4 4.9–6.9 6.6 6.1–7.4 0.10 0.07–0.13 20.6 8.3–22.7

Medium 7.8 6.5–11.7 9.1 6.7–13.2 0.11 0.05–0.17 19.3 8.5–24.8

Low 6.2 2.8–7.4 9.4 5.6–14.2 0.37 0.29–0.51 66.2 54.9–92.7

32–33 weeks Very high & high 9.1 6.7–9.6 10.2 7.2–10.2 0.06 0.05–0.07 7.3 5.8–9.0

Medium 11.8 7.3–13.8 12.9 7.7–15.8 0.06 0.04–0.20 5.4 3.7–14.6

Low 6.8 3.3–7.8 7.4 5.5–9.9 0.19 0.09–0.22 28.8 24.8–45.9

34–36 weeks Very high & high 47.9 41.0–54.8 48.4 41.9–55.5 0.07 0.05–0.09 1.7 1.1–1.8

Medium 53.6 31.9–63.6 54.0 32.4–64.9 0.07 0.04–0.11 1.2 0.8–2.2

Low 46.6 21.1–51.6 50.1 22.6–53.6 0.20 0.15–0.24 7.1 3.8–7.5

22–36 weeks Very high & high 62.2 60.7–72.0 68.1 64.7–75.2 0.32 0.28–0.34 4.8 4.4–5.5

Medium 76.1 50.0–96.7 78.2 56.9–101.4 0.34 0.15–0.47 4.3 3.0–6.7

Low 57.4 27.2–67.1 63.2 36.6–79.3 0.94 0.86–1.22 18.2 17.2–34.6

(per 100 deliveries

of at least 28 weeks)

(per 100 deliveries of

at least 28 weeks)

(per 100 deliveries

of at least 28 weeks)

(per 100 deliveries of

at least 28 weeks)

28–36 weeks Very high & high 61.7 58.0–69.8 64.9 62.0–72.1 0.21 0.19–0.30 3.6 2.1–5.3

Medium 72.7 48.7–93.4 74.8 56.0–97.4 0.25 0.14–0.39 3.4 2.6–5.1

Low 56.4 26.4–66.0 61.2 34.2–76.1 0.71 0.52–1.00 14.0 8.5–47.5

HDI, Human Development Index; IQR, interquartile range.

*Calculated as B – A: A – birth rate (per 100 deliveries) excluding live births, B – birth rate (per 100 deliveries) including stillbirths.

**Calculated 5 as (B – A)/A*100 (%): A – birth rate excluding live births, B – birth rate including stillbirth.
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bias due to errors in gestational age estimation: first by

restricting to health facilities with plausible gestational age

distributions, and secondly by restricting our analysis to

births with weights compatible with their gestational age.

We also conducted a sensitivity analysis based on birth-

weight, rather than gestational age, to confirm our findings.

Another limitation is that our study sample was representa-

tive only of those facilities with at least 1000 births per year

and capable of providing caesarean delivery; in addition,

our database includes home births. These features may

explain why preterm estimates in many low-income coun-

tries were low even when stillbirths were included. As the

rates of stillbirths and preterm births are higher among

home deliveries in low-income countries, their inclusion

would likely further increase the impact of stillbirths on

preterm birth rates in those countries.

Interpretation
The first WHO estimates of stillbirth were developed in

2006, highlighting the lack of available data, when two

studies concurrently estimated 3 million stillbirths per year

globally,29,30 with 99% of them in low- and middle-income

countries. The absence of national registration systems for

stillbirths, which had hidden this large global burden for so

long, has now been addressed to some extent; the number

of countries without national-level stillbirth data was

reduced to 38 in 2015.31 However, a recent review reported

the number of stillbirths had reduced only slightly to an

estimated 2.6 million globally in 2015, with death registra-

tion provided for fewer than 5% of these deaths.9,32,33 Fur-

ther improvement in stillbirth registration and reporting

will enable both accurate temporal monitoring and interna-

tional comparisons of perinatal health.

Previous studies have estimated national and regional rates

of both preterm birth and stillbirth.9,12 However, as stillbirth

reporting is usually aggregated and not reported according

to gestational age, previous international comparisons of

preterm birth and stillbirth rates were not able to evaluate

the extent to which stillbirths affect preterm birth rates. One

study involving 193 countries reported that low birthweight

rates of up to about 10% are positively correlated with still-

birth rates, especially in low- and middle-income countries,34

whereas another study of 28 high-income countries found

preterm birth rates to be inversely associated with stillbirth

rates.35 These findings are in line with our finding that mis-

classification of vital status can affect preterm birth rates,

and that given the large variation in stillbirth rates between

countries, the current preterm rate should not be interpreted

without also considering the stillbirth rate.

Very few studies have investigated how stillbirths affect

the preterm birth rate. To the best of our knowledge, our

recent study on 30 high-income countries is the only previ-

ous study investigating this issue.36 We found that in high

income-countries, although very preterm birth rates were

higher when stillbirths were included, their inclusion did

not substantially affect international ranking of preterm

birth rates. The study we report herein is the only one

from middle- and low-income countries and shows that

the impact of stillbirth is much larger, and thus stillbirth

registration is therefore of greater importance, in low-

income countries. The differences in our two studies are

most likely due to less access to intensive fetal monitoring

or provider-initiated delivery when at risk of fetal death, as

well as more misclassification of neonatal deaths as still-

births, in low-income countries. We believe the true impact

may be even larger in some countries, as our study did not

capture home deliveries, which are far more frequent in

such countries.37

In addition to underscoring the importance of stillbirth

registration for monitoring perinatal health, our study also

provides information that could help estimate the preterm

delivery rate among all births in countries where stillbirth

rates are not provided. The increase in preterm birth rates

when including stillbirths varied to some extent among

countries, although patterns were observed in relation to

country HDI. The range for very high-/high-/medium-HDI

countries was +2.0 to +12.2% (with the exception of India:

+14.0% and Cambodia: +17.1%, which have the lowest

HDI in the middle-HDI category). For low-HDI countries,

this range was +8.7 to +65.3%. Low-HDI countries in

South Asia and sub-Saharan Africa are reported to have the

largest burdens of both preterm births12 and stillbirths,9

and their preterm births are likely to increase by at least

8% when stillbirths are included. This is important for

international comparisons of preterm birth data, as our

findings can also be used to estimate the impact of still-

births on preterm birth rates in settings where details on

stillbirth data are not available.

Conclusion

We have shown not only that the stillbirth rate is an

important perinatal health indicator in and of itself,

but that stillbirths substantially affect other important

indicators such as preterm delivery. Preterm birth rates

based on live births alone do not accurately reflect

international disparities in perinatal health. Improved

registration and reporting of stillbirths should

increase support for the infrastructure and training neces-

sary to monitor their occurrence, and should also

improve the validity of international comparisons of

perinatal health.
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