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Objectives: This study aims to evaluate the prevalence and 
outcome of twin pregnancies in Botswana.

Setting: The Tsepamo Study conducted birth outcomes surveillance 
at 8 government-run hospitals (~45% of all births in Botswana) 
from August 2014-June 2018 and expanded to 18 hospitals (~70% of 
all births in Botswana) from July 2018-March 2019.

Participants: Data were collected for all live-born and 
stillborn in-hospital deliveries with a gestational age (GA) 
greater than 24 weeks. This analysis included 117,593 singleton 
and 3,718 twin infants born to 119,477 women between August 
2014-March 2019 and excluded 73 higher order multiples (23 sets 
of triplets and 1 set of quadruplets).

Outcomes Measured: Our primary outcomes were preterm delivery 
(<37 weeks GA), very preterm delivery (<32 weeks GA) and 
stillbirth (APGAR score of 0,0,0).  

Results: Between August 2014 and March 2019, 119,477 deliveries 
were recorded, including 1859 (1.6%) sets of twins. Women with 
twin pregnancies had a similar median number of antenatal care 
visits (9 vs. 10), but were more likely to deliver in a tertiary 
center (54.8% vs. 45.1%, p<0.001) and more likely to have a C-
section (54.6% vs. 22.0%, p<0.001) than women with singletons. 
Compared with singletons, twin pregnancies had a higher risk of 
preterm delivery (<37 weeks GA) (47.6% vs. 16.7%, aRR 2.8, 95% 
CI 2.7, 2.9) and very preterm delivery (<32 weeks) (11.8% vs. 
4.0%, aRR 3.0 95% CI 2.6, 3.4). Among all twin pregnancies, 128 
(6.9%) had at least one stillborn infant compared with 2845 
(2.4%) stillbirths among singletons (aRR 2.8, 95% CI 2.3, 3.3). 

Conclusion: 
Adverse birth outcomes are common among twins in Botswana, and 
are often severe. Interventions that allow for earlier 
identification of twin gestation and improved antenatal 
management of twin pregnancies may improve infant and child 
survival. 

Keywords: Twins, multiple gestation, Botswana, sub-Saharan 
Africa, stillbirth, preterm, low-birthweight 
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Strengths and limitations of this study
 Our study uses a large, nationally representative sample 

with little missing data.
 Due to the limited availability of early prenatal 

ultrasound, gestational age may be less accurate and we are 
unable to determine the cause of preterm birth or whether 
preterm birth is spontaneous. 

 We are unable to evaluate the impact of preterm and low 
birthweight on longer-term outcomes of twins, or estimate 
perinatal mortality. 

Background

Twin pregnancies are universally considered to be ‘high-

risk’.  Maternal complications including hypertensive disorders, 

anemia, post-partum hemorrhage, and maternal mortality, are more 

common among twin pregnancies than singleton pregnancies [1]. 

Twins are also more likely than singletons to be born preterm 

and to have restricted growth in-utero, thereby increasing their 

risk for intrauterine demise and neonatal mortality [2]. The 

majority of existing research on multigravid pregnancies and 

birth outcomes among twins is from high-resource settings [3]. 

In these settings, the perinatal mortality rate of twins is 3-7 

times higher than that of singletons [4, 5] and up to 60% of 

twins are born preterm (before 37 weeks) [6, 7]. 
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In most high resource settings, twin pregnancies are 

managed by routine prenatal monitoring and neonatal intensive 

care services, including early identification of twin 

pregnancies, serial antenatal ultrasound, referral to 

specialized centers, and prenatal counselling [8].  In lower 

resource settings data are limited, but twin pregnancies may be 

at particularly high risk for adverse birth outcomes because of 

the lack of routine intensive prenatal monitoring and neonatal 

intensive care services [1, 9].  Additionally, maternal outcomes 

with multigravid pregnancies may also be worse because of 

limitations in management of maternal conditions more common in 

twin pregnancies, such as post-partum hemorrhage and pre-

eclampsia [3]. 

In Southern Africa, where assisted reproductive technology 

is not commonly available, the incidence of naturally occurring 

twins is estimated to be high (12-18 per 1000 births) compared 

to other low- and middle-income countries (LMIC) in East Asia 

and Latin America where the incidence of twins is as low as 6-9 

per 1000 births [10]. This relatively large number of twins may 

contribute substantially to perinatal mortality in the region 

[11]. Increased prevalence of preterm delivery and low-birth 

weight among twins leads to increased risk of under-five 

mortality due to malnutrition, respiratory disorders, 

vulnerability to infection, and developmental delays [12, 13].  
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It is estimated that one in five twins born in sub-Saharan 

Africa dies before the age of five [11].  Prior studies of twins 

in sub-Saharan Africa pre-date implementation of the United 

Nations Sustainable Development Goals (SDG) in 2015 and do not 

evaluate specific birth outcomes.  This study focuses on 

Botswana, a country with a rapidly growing economy, strong 

investment in healthcare, a national program to prevent maternal 

mortality [14, 15], and a large, nationally-representative birth 

outcomes surveillance study (Tsepamo). We aim to provide the 

first published data on the prevalence and outcome of twin 

pregnancies in Botswana.

Methods

The Tsepamo Study 

The Tsepamo Study is a birth outcomes surveillance study in 

Botswana, where >95% of women deliver in health care settings 

(not at home) [16].  Details of methodology have been previously 

published [17, 18]. In summary, deidentified information was 

abstracted from obstetric cards (antenatal care records used 

throughout the pregnancy) at the time of discharge from the 

postnatal ward from women who deliver live-born or stillborn 

infants at select government maternity hospitals in Botswana. 

From August 2014-June 2018 data were collected from 8 sites 

across the country (~45% of births in Botswana) and from July 
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2018-March 2019 data were collected from up to 18 sites (~72% of 

births in Botswana).  

At each site, data were collected for all in-hospital deliveries 

with a gestational age greater than 24 weeks. Information 

included maternal demographics, antenatal care visits, 

ultrasound reports with date of ultrasound, HIV status, method 

of delivery, and infant delivery characteristics (including the 

number of infants delivered, gestational age (GA) at delivery, 

birthweight, and vital status at birth and discharge). 

Outcomes 

The primary adverse outcomes assessed were stillbirth (APGAR 

scores 0,0,0), preterm birth (<37 weeks gestation), very preterm 

birth (<32 weeks gestation), low birthweight (LBW) (<2500g) and 

very low birthweight (VLBW)(<1500g). While APGAR scores and 

birthweights were recorded for each individual twin, neonatal 

death status was only collected on the first twin and therefore 

neonatal deaths in twins could not be analyzed. The gestational 

age was documented by midwives at the time of delivery using the 

estimated delivery date (EDD), which is calculated at the first 

antenatal care visit based on the last reported menstrual period 

and confirmed by ultrasound when available. If the last 

menstrual period was unknown or suspected to be incorrect, and 
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if no ultrasound data was available, midwives occasionally used 

fundal height measurements to estimate gestational age.  

Statistical Analysis

The prevalence of each birth outcome was calculated for 

singletons and twins and higher order multiples were excluded 

from analyses. Prevalence of preterm birth and very preterm 

birth were calculated per pregnancy as both twins were born at 

the same gestational age.  Prevalence of stillbirth, low 

birthweight and very low birthweight among twins were calculated 

by pregnancy (defined as either twin with the outcome), and by 

infant (defined as the outcome in the total number of individual 

infants). When comparing birth outcomes between singletons vs. 

twins, we used pregnancy as the unit of analysis (e.g. how many 

pregnancies ended in at least one stillbirth). Log binomial 

regression models were fit to determine the relative risk (RR), 

adjusted risk ratio (aRR), and 95% confidence intervals (95% CI) 

of adverse birth outcomes among twin compared with singleton 

pregnancies. Multivariable models were adjusted for maternal 

age, gravida, educational attainment, and maternal HIV status, 

which were chosen a priori based on prior analysis of risk 

factors for adverse birth outcomes in Tsepamo [17-19]. 

Statistical analyses were performed using SAS software.
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Patient and public involvement

Patients and the public were not involved in the design or 

conduct of this study. 

Results

Study Population

Between August 2014 and March 2019, there were 121,385 infants 

born to 119,477 women who delivered in the Tsepamo Study, 

including 117,593 (98.4%) singletons, 3718 twin infants (1859 

sets of twins) (1.6%), 69 triplet infants (23 sets of triplets) 

(0.00%), 4 quadruplets (1 set) (0.00%) and 1 with missing data 

for delivery number. 

Maternal Characteristics and Obstetric Care

Maternal demographics and obstetric care parameters are shown in 

Table 1. Women with twin pregnancies were older, less likely to 

be primigravid, and more likely to have had >4 prior pregnancies 

compared with women with singleton pregnancies. The median 
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number of antenatal care visits was similar among women with 

singletons (10) and women with twins (9).  Prenatal ultrasound 

was performed in 78.5% (980/1248) of women with twin pregnancies 

at a median gestational age (GA) of 25 [IQR 19, 31] weeks (20.3% 

prior to 20 weeks GA). In comparison, 66.9% (52,012/77,786) of 

women with singleton pregnancies received an ultrasound scan, at 

a median GA of 27 [IQR 20, 33] weeks (14.6% prior to 20 weeks 

GA). Twins were more likely to be delivered in a tertiary 

hospital (54.8% vs. 45.1%) and also more likely to deliver via 

Cesarean-section (54.6% vs. 22.0%).  

Birth Outcomes 

The median gestational age was 39 weeks [IQR 37,40], and the 

median birthweight was 3080g [IQR 2750, 3400] among all 

singletons with 114,749 (97.6%) infants live-born. Among twin 

pregnancies, the median gestational age was 37 weeks [IQR 34,38] 

and the median birthweight was 2330g [IQR 1920, 2675] with 3,552 

(95.5%) infants live-born.  Twin infants had lower mean head 

circumference than singletons (32.4cm vs. 45.6cm) and lower mean 

length at birth (34.1cm and 50.1cm). 

Twin pregnancies were more likely to result in preterm birth 

than singleton pregnancies (Table 2). Compared with singletons, 

twin pregnancies had a higher risk of preterm birth (47.6% vs. 
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16.7%, aRR 2.8, 95% CI 2.7,3.2.9) and very preterm birth (11.8% 

vs. 4.0%, aRR 3.0, 95% CI 2.6, 3.4). C-sections were more common 

in preterm twins than preterm singletons (47.7% vs. 23.0%), 

however, among very preterm births (<32 weeks GA), C-section 

rate was similar (24.9% vs. 22.7%). 

Among all 3,718 individual twin infants, 2397 (64.5%) were low 

birthweight, 508 (13.7%) were very low birthweight and 166 

(4.5%) were stillborn. Both twins were low birthweight in 52% of 

pregnancies, very low birthweight in 10.6% of pregnancies, and 

stillborn in 2.0%. The first born twin and the second born twin 

had similar rates of low and very low birthweight, but twin 2 

was more likely to be stillborn than twin 1 (5.2% vs. 3.8%) 

(Table 3). The risk of at least one infant being low birthweight 

(aRR 4.5, 95% CI 4.3, 4.6), very low birthweight (aRR 5.2, 95% 

CI 4.7, 5.8) or stillbirth (aRR 2.8, 95% CI 2.3, 3.3) was higher 

among twin pregnancies than singleton pregnancies (Table 3). 

Table 1. Maternal Characteristics and Obstetric Care

Twin
Pregnancies
(N=1859)

Singleton 
Pregnancies 
(N=117,593)
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*Captured in Tsepamo beginning 3/31/2016

Maternal Characteristics

    Maternal Age (median, 
IQR)
         Missing 

29 [24,34]
0

26 [22,32]
71 

    Primigravid
    Grand Multip (>4 prior 
pregnancies)
          Missing 

405 (21.8%)
280 (15.1%)

3 

42385 (36.1%)
12369 (10.5%)

391 

    Low Maternal Education 
(completed                       
none or primary only)
         Missing

167 (9.2%)

55

8624 (7.5%)

2934

    Botswana Citizen
    Non-Citizen 
         Missing

1761 (94.7%)
89 (4.79%)

9

113386 (96.4%)
3674 (3.12%)

400
    HIV-Infected 
          Missing

562 (30.5%)
17

28264 (24.2%)
934

Obstetric Care

    Antenatal Care Visits 
(median, IQR)
          Missing (%)

9 [6,12]
21 (1.1%)

10 [7,12]
1112 (1.0%)

Ultrasound 
    Total with Ultrasound 
during pregnancy*
     Median Gestational Age 
at U/S
     Ultrasound Scan <20wks 
gestation  
          Missing Ultrasound 
Date
   
    

980/1248 (78.5%)
25 [19, 31]

243/1199 (20.3%)
49

52,012/77786 
(66.9%)

27 [20, 33]
10706/73522 

(14.6%)
                     
4264

    Delivered in Tertiary 
Hospital
         Missing 

1019 (54.8%)
0

53040 (45.1%)
1 

    C-Section
        Missing method of 
delivery
  

1015 (54.6%)
0

25887 (22.0%)
2
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Table 2. Preterm Birth among twin and singleton pregnancies

Table 3. Birth Outcomes among twins by birth order  
Twin Pregnancies (N=1859, resulting 
in 3718 Infants)

Singleto
n 
Pregnanc
ies(N=11
7,594)

RR 
(singl
eton 
vs. 
any 
twin)

aRR* 
(singl
eton 
vs. 
any 
twin)

Twin 
1
N=185
9 
(Infa
nts)

Twin 
2
N=185
9 
(Infa
nts

Any Twin
N=1859 
(Pregnanc
ies)

Both 
Twins
N=1859 
(Pregnanc
ies)

Low 
birthwei
ght 
(<2500g)
Missing 
(N,%)

1158 
(62.4
%)

4

1239 
(67.0
%)

9

1430 
(77.1%)

4 

967 
(52.0%)

4 

16019 
(13.6%)

138 

5.7 
(95% 
CI 
5.5, 
5.8)

4.5 
(95% 
CI 
4.3, 
4.6)

Very Low 
birthwei
ght 
(<1500g)
Missing 
(N,%)

237 
(12.8
%)

4

271 
(14.6
%)

9

311 
(16.8%)

4 

197 
(10.6%)

4

3757 
(3.2%)

138 

5.2 
(95% 
CI 
4.7, 
5.8)

5.2 
(95% 
CI 
4.7, 
5.8)

Stillbir
th 

70/18
59(3.
8%)

96/18
55 

128 
(6.9%)

38 (2.0%) 2845 
(2.4%)

2.8, 
(95% 
CI 

2.8 
(95% 
CI 

Twin 
Pregnancies
(N=1859)

Singleton 
Pregnancies 
(N=117,593)

Relative 
Risk 
(RR)

Adjusted 
Relative 
Risk* 
(ARR)

Preterm birth (<37 
wks)
Missing (%)

873 (47.6%)
25 (1.3%)

19462 
(16.7%)

1391 (1.2%)

2.8, 95% 
CI 2.7, 

3.0

2.8, 95% 
CI 

2.7,2.9
Very Preterm birth 
(<32 wks)
Missing (%)

217 (11.8%)
25 (1.3%)

4664 (4.0%)
1391 (1.2%)

2.9 95% 
CI 2.6, 

3.4

3.0, 95% 
CI 2.6, 

3.4
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Missing 
(N,%)

0
(5.2%
)

4

4 
0

18 
2.4, 
3.4)

2.3, 
3.3)

*adjusted for maternal age, gravida and educational attainment 
and maternal HIV status

Discussion 

We performed the first published analysis of the prevalence and 

outcomes of twin births in Botswana using nationally 

representative data from 2014-2019. Because of the absence of 

medically assisted reproduction, Botswana represents a 

particularly valuable opportunity to study naturally occurring 

rates and outcomes of twinning. We found that twin births 

occurred in 16 per 1000 pregnancies, a prevalence much higher 

than reported twinning rates in LMIC outside of sub-Saharan 

Africa. We also found that adverse birth outcomes were high 

among twin pregnancies, including a 6.9% stillbirth prevalence, 

almost 3-fold higher than stillbirths in singleton pregnancies 

(2.4%).

The rate of twinning in our study, 16/1000 pregnancies, is 

consistent with previously reported high rates of naturally 
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occurring twins in Southern Africa (12-15/1000 pregnancies in 

Namibia, South Africa, and Lesotho and 15-18/1000 pregnancies in 

Zimbabwe) [10]. In contrast, very low twinning rates (6-9/1000 

pregnancies) have been documented in LMIC across East Asia and 

Central and South America [10]. Geographical differences in 

naturally occurring twin birth rates are primarily due to 

genetic, racial, and ethnic differences in predisposition to 

dizygotic (DZ) twin birth [10]. While the rate of twinning in 

Botswana is high compared to other LMIC, it is lower than that 

in many high-income countries (HIC), where the introduction of 

medically assisted reproduction has led to dramatic increases in 

twinning rates over the past several decades. In the United 

States, for example, the rate of twin births rose from 18.9 per 

1000 births in 1980 to 33.9 per 1000 births in 2014 [20, 21]. 

The prevalence of stillbirths among twin pregnancies in Botswana 

(6.9%) is well above the WHO’s target of under 12 stillbirths 

per 1000 births [22, 23]. However, our prevalence is similar to 

that reported across sub-Saharan Africa, and lower than a 

reported 10.2% stillbirth prevalence among twins in one Nigerian 

study [24]. In contrast, the prevalence of stillbirth in twins 

in Botswana is higher than in high-income countries such as the 

United States (USA) (0.35%) [25] and South Korea (0.48%) [26]. 

The prevalence of stillbirth among singletons in our study is 
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2.4%, which is nearly 10 times greater than that among 

singletons in many high-income countries [27, 28]. While twin 

pregnancies are clearly particularly high-risk and contribute 

substantially to perinatal mortality, the high prevalence of 

stillbirths among all pregnancies in Botswana highlights a 

strong need for interventions to decrease stillbirths in the 

entire population. 

The prevalence of preterm birth among twin pregnancies (46.%) in 

Botswana is substantially higher than that among singleton 

pregnancies (16.8%) and slightly higher than reported prevalence 

of preterm birth among twins in other sub-Saharan countries 

[24]. However, prevalence of preterm birth with twin pregnancy 

in Botswana is lower than the United States, where 60% of twin 

pregnancies have preterm births [6, 28]. While the high 

prevalence of preterm births among twins in the US may be 

partially attributed to the increased risk for preterm birth in 

multiple gestation, it may also be explained by clearer 

antenatal care guidelines and closer prenatal monitoring among 

twin pregnancies in the US compared to Botswana. The high 

prevalence of preterm birth among twins in the US is in line 

with the American College of Obstetrics and Gynecology’s 

guidelines, which recommend timing delivery based on 

chorionicity (38 weeks for dichorionic-diamniotic, 34-36 6/7 
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weeks for monochorionic-diamniotic, 32-34 for monochorionic-

monoamniotic) and delivery by 37-38 week’s gestation in 

uncomplicated twin pregnancies to reduce the risk of stillbirth  

[29-32]. 

The relatively low rate of preterm birth and high rate of 

stillbirth among twin pregnancies in Botswana raises the 

question of whether twin stillbirths in Botswana could be 

decreased by increasing delivery of high-risk (monochorionic-

monoamniotic, monochorionic-diamniotic) twin pregnancies between 

34 and 37 weeks [31-33]. To implement this type of change, 

improvements in proportion of ultrasound in the first trimester 

of twin pregnancy to identify chorionicity and to improve 

accuracy of gestational age dating would be needed. 

Additionally, preterm delivery may carry increased risk in low 

resource settings like Botswana where intensive neonatal care 

services are limited. Though delivery by 37 weeks may not be 

appropriate in all settings, closer surveillance of twin 

pregnancies after 34 weeks GA, at which time the risk of 

stillbirth and maternal complications begins to rise, may 

improve twin outcomes in Botswana [26]. Close monitoring for 

fetal growth concordance [34], screening for aneuploidy, which 

is more common among twin pregnancies and associated with higher 

risk of stillbirth [35, 36], and clear delivery planning during 
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antenatal care may also help to reduce adverse perinatal 

outcomes among twins. In addition to increased antenatal care, 

improvements in maternal nutrition may help improve outcomes in 

twin pregnancies in Botswana. Despite the relatively lower 

prevalence of preterm births in Botswana, we found very high 

rates of LBW and VLBW among twins (77.2% and 16.8%, 

respectively, compared to 55.6% and 9.1% in the USA) [7], which 

is likely multifactorial, but suggests that women with twin 

pregnancies in Botswana may not receive adequate nutrition to 

support multiple gestations [37, 38].  

Strengths of this study include the large, nationally 

representative sample with little missing data. 

Our study also has several limitations. Due to the limited 

availability of early prenatal ultrasound, gestational age may 

be less accurate and we are unable to determine the cause of 

preterm birth or whether preterm birth is spontaneous. 

Similarly, we cannot determine the proportion of C-sections that 

are planned vs. emergent, and do not have data on the 

indications for delivery via C-section (including presentation 

of infants). We are also unable to distinguish the proportion of 

twins that are monochorionic (MC), which is a known risk factor 

for stillbirth and neonatal death [9, 33]. However, the 

prevalence of MC twins is thought to be relatively constant 
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worldwide (prevalence of DZ twins varies), so this is unlikely 

to explain the high prevalence of stillbirth that we found among 

twin pregnancies in Botswana [39, 40]. Finally, due to our study 

design, we are unable to evaluate the impact of preterm and low 

birthweight on longer-term outcomes of twins, or estimate 

perinatal mortality. 

Conclusions

In summary, we found that the prevalence of twinning is high in 

Botswana and adverse birth outcomes are common among twin 

pregnancies and are often severe. The high rate of stillborn and 

LBW twins despite a relatively low preterm birthrate compared to 

twins in high-income countries points to the need for 

interventions that include early ultrasound and identification 

of twin gestation and type of twin gestation, improved maternal 

nutrition, close antepartum surveillance, and advanced delivery 

planning in order to reduce morbidity and mortality among twin 

pregnancies in Botswana. 
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RR: Relative Risk
aRR: Adjusted Relative Risk
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LMIC: Low- and Middle-Income Countries
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MZ: monozygotic
DZ: dizygotic
MC: monochorionic
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study and, if applicable, for the original study on which the present article 
is based

15

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at www.strobe-statement.org.
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ABSTRACT

Objectives: This study aims to evaluate the prevalence and outcome of twin pregnancies in 

Botswana.

Setting: The Tsepamo Study conducted birth outcomes surveillance at 8 government-run 

hospitals (~45% of all births in Botswana) from August 2014-June 2018 and expanded to 18 

hospitals (~70% of all births in Botswana) from July 2018-March 2019.

Participants: Data were collected for all live-born and stillborn in-hospital deliveries with a 

gestational age (GA) greater than 24 weeks. This analysis included 117,593 singleton and 3,718 

twin infants (1859 sets [1.6%]) born to 119,477 women between August 2014-March 2019 and 

excluded 73 higher order multiples (23 sets of triplets and 1 set of quadruplets).

Outcomes Measured: Our primary outcomes were preterm delivery (<37 weeks GA), very 

preterm delivery (<32 weeks GA) and stillbirth (APGAR score of 0,0,0).  

Results: Women with twin pregnancies had a similar median number of antenatal care visits (9 

vs. 10), but were more likely to deliver in a tertiary center (54.8% vs. 45.1%, p<0.001) and more 

likely to have a C-section (54.6% vs. 22.0%, p<0.001) than women with singletons. Compared 

with singletons, twin pregnancies had a higher risk of preterm delivery (<37 weeks GA) (47.6% 

vs. 16.7%, aRR 2.8, 95% CI 2.7, 2.9) and very preterm delivery (<32 weeks) (11.8% vs. 4.0%, 

Page 3 of 28

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

3

aRR 3.0 95% CI 2.6, 3.4). Among all twin pregnancies, 128 (6.9%) had at least one stillborn 

infant compared with 2845 (2.4%) stillbirths among singletons (aRR 2.8, 95% CI 2.3, 3.3). 

Conclusion: 

Adverse birth outcomes are common among twins in Botswana, and are often severe. 

Interventions that allow for earlier identification of twin gestation and improved antenatal 

management of twin pregnancies may improve infant and child survival. 

Keywords: Twins, multiple gestation, Botswana, sub-Saharan Africa, stillbirth, preterm, low-

birthweight 

Strengths and limitations of this study

 Our study uses a large, nationally representative sample with little missing data.

 Due to the limited availability of early prenatal ultrasound, gestational age may be less 

accurate and we are unable to determine the cause of preterm birth or whether preterm 

birth is spontaneous. 

 We are unable to evaluate the impact of preterm and low birthweight on longer-term 

outcomes of twins, or estimate perinatal mortality. 
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Background

Twin pregnancies are universally considered to be ‘high-risk’.  Maternal complications 

including hypertensive disorders, anemia, post-partum hemorrhage, and maternal mortality, are 

more common among twin pregnancies than singleton pregnancies [1]. Twins are also more 

likely than singletons to be born preterm and to have restricted growth in-utero, thereby 

increasing their risk for intrauterine demise and neonatal mortality [2]. The majority of existing 

research on multigravid pregnancies and birth outcomes among twins is from high-resource 

settings [3]. In these settings, the perinatal mortality rate of twins is 3-7 times higher than that of 

singletons [4, 5] and up to 60% of twins are born preterm (before 37 weeks) [6, 7]. 

In most high resource settings, twin pregnancies are managed by routine prenatal 

monitoring and neonatal intensive care services, including early identification of twin 

pregnancies, serial antenatal ultrasound, referral to specialized centers, and prenatal counselling 

[8].  In lower resource settings data are limited, but twin pregnancies may be at particularly high 

risk for adverse birth outcomes because of the lack of routine intensive prenatal monitoring and 

neonatal intensive care services [1, 9].  Additionally, maternal outcomes with multigravid 
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pregnancies may also be worse because of limitations in management of maternal conditions 

more common in twin pregnancies, such as post-partum hemorrhage and pre-eclampsia [3]. 

In Southern Africa, where assisted reproductive technology is not commonly available, 

the incidence of naturally occurring twins is estimated to be high (12-18 per 1000 births) 

compared to other low- and middle-income countries (LMIC) in East Asia and Latin America 

where the incidence of twins is as low as 6-9 per 1000 births [10]. This relatively large number 

of twins may contribute substantially to perinatal mortality in the region [11]. Increased 

prevalence of preterm delivery and low-birth weight among twins leads to increased risk of 

under-five mortality due to malnutrition, respiratory disorders, vulnerability to infection, and 

developmental delays [12, 13].  It is estimated that one in five twins born in sub-Saharan Africa 

dies before the age of five [11].  Prior studies of twins in sub-Saharan Africa pre-date 

implementation of the United Nations Sustainable Development Goals (SDG) in 2015 and do not 

evaluate specific birth outcomes [9-12].  This study focuses on Botswana, a country with a 

rapidly growing economy, strong investment in healthcare, a national program to prevent 

maternal mortality [14, 15], and a large, nationally-representative birth outcomes surveillance 
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study (Tsepamo). We aim to provide the first published data on the prevalence and outcome of 

twin pregnancies in Botswana.

Methods

The Tsepamo Study 

The Tsepamo Study is a birth outcomes surveillance study in Botswana, where >95% of women 

deliver in health care settings (not at home) [16].  Details of methodology have been previously 

published [17, 18]. In summary, deidentified information was abstracted from obstetric cards 

(antenatal care records used throughout the pregnancy) at the time of discharge from the 

postnatal ward from women who deliver live-born or stillborn infants at select government 

maternity hospitals in Botswana. From August 2014-June 2018 data were collected from 8 sites 

across the country (~45% of births in Botswana) and from July 2018-March 2019 data were 

collected from up to 18 sites (~72% of births in Botswana).  

At each site, data were collected for all in-hospital deliveries with a gestational age greater than 

24 weeks. Information included maternal demographics, antenatal care visits, ultrasound reports 
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with date of ultrasound, HIV status, method of delivery, and infant delivery characteristics 

(including the number of infants delivered, gestational age (GA) at delivery, birthweight, and 

vital status at birth and discharge). 

Outcomes 

The primary adverse outcomes assessed were stillbirth (APGAR scores 0,0,0), preterm birth 

(<37 weeks gestation), very preterm birth (<32 weeks gestation), low birthweight (LBW) 

(<2500g) and very low birthweight (VLBW)(<1500g). While APGAR scores and birthweights 

were recorded for each individual twin, neonatal death status was only collected on the first twin 

per the original protocol of our study. Therefore neonatal deaths in twins could not be analyzed 

and were not included as a primary outcome assessed. We chose not to provide data on neonatal 

deaths in twin 1 without data on twin 2 because it would only provide an incomplete comparison 

to singletons, which could over or underestimate the total NND among twins. The gestational 

age was documented by midwives at the time of delivery using the estimated delivery date 

(EDD), which is calculated at the first antenatal care visit based on the last reported menstrual 

period and confirmed by ultrasound when available. If the last menstrual period was unknown or 
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suspected to be incorrect, and if no ultrasound data was available, midwives occasionally used 

fundal height measurements to estimate gestational age.  

Statistical Analysis

The prevalence of each birth outcome was calculated for singletons and twins and higher order 

multiples were excluded from analyses. Prevalence of preterm birth and very preterm birth were 

calculated per pregnancy as both twins were born at the same gestational age.  Prevalence of 

stillbirth, low birthweight and very low birthweight among twins were calculated by pregnancy 

(defined as either twin with the outcome), and by infant (defined as the outcome in the total 

number of individual infants). When comparing birth outcomes between singletons vs. twins, we 

used pregnancy as the unit of analysis (e.g. how many pregnancies ended in at least one 

stillbirth). Log binomial regression models were fit to determine the relative risk (RR), adjusted 

risk ratio (aRR), and 95% confidence intervals (95% CI) of adverse birth outcomes among twin 

compared with singleton pregnancies. Multivariable models were adjusted for maternal age, 

gravida, educational attainment, and maternal HIV status, which were chosen a priori based on 

prior analysis of risk factors for adverse birth outcomes in Tsepamo [17-19]. Statistical analyses 

were performed using SAS software.
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Patient and public involvement

Patients and the public were not involved in the design or conduct of this study. 

Results

Study Population

Between August 2014 and March 2019, there were 121,385 infants born to 119,477 women who 

delivered in the Tsepamo Study, including 117,593 (98.4%) singletons, 3718 twin infants (1859 

sets of twins) (1.6%), 69 triplet infants (23 sets of triplets) (0.00%), 4 quadruplets (1 set) (0.00%) 

and 1 with missing data for delivery number. Gestational age was known in 98.8% of singletons 

and 98.7% of twins.
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Maternal Characteristics and Obstetric Care

Maternal demographics and obstetric care parameters are shown in Table 1. Women with twin 

pregnancies were older, less likely to be primigravid, and more likely to have had >4 prior 

pregnancies compared with women with singleton pregnancies. The median number of antenatal 

care visits was similar among women with singletons (10) and women with twins (9).  Prenatal 

ultrasound was performed in 78.5% (980/1248) of women with twin pregnancies at a median 

gestational age (GA) of 25 [IQR 19, 31] weeks (20.3% prior to 20 weeks GA). In comparison, 

66.9% (52,012/77,786) of women with singleton pregnancies received an ultrasound scan, at a 

median GA of 27 [IQR 20, 33] weeks (14.6% prior to 20 weeks GA). Twins were more likely to 

be delivered in a tertiary hospital (54.8% vs. 45.1%) and also more likely to deliver via 

Cesarean-section (54.6% vs. 22.0%).  

Birth Outcomes 

The median gestational age was 39 weeks [IQR 37,40], and the median birthweight was 3080g 

[IQR 2750, 3400] among all singletons with 114,749 (97.6%) infants live-born. Among twin 

Page 11 of 28

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

11

pregnancies, the median gestational age was 37 weeks [IQR 34,38] and the median birthweight 

was 2330g [IQR 1920, 2675] for the first twin and 2290g [IQR 1830, 2610] for the second twin 

with 3,552 (95.5%) infants live-born. The mean head circumference was 32.4cm for both the 

first and second twin, and slightly lower than the mean head circumference for singletons 

(34.2cm). Mean length at birth was similar for the first and second twin (45.7cm and 45.4cm, 

respectively) but lower than the mean length of singletons (50.1cm). 

Twin pregnancies were more likely to result in preterm birth than singleton pregnancies (Table 

2). Compared with singletons, twin pregnancies had a higher risk of preterm birth (47.6% vs. 

16.7%, aRR 2.8, 95% CI 2.7,3.2.9) and very preterm birth (11.8% vs. 4.0%, aRR 3.0, 95% CI 

2.6, 3.4). C-sections were more common in preterm twins than preterm singletons (47.7% vs. 

23.0%), however, among very preterm births (<32 weeks GA), C-section rate was similar (24.9% 

vs. 22.7%). 

Among all 3,718 individual twin infants, 2397 (64.5%) were low birthweight, 508 (13.7%) were 

very low birthweight and 166 (4.5%) were stillborn. Both twins were low birthweight in 52% of 

Page 12 of 28

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

12

pregnancies, very low birthweight in 10.6% of pregnancies, and stillborn in 2.0%. The first born 

twin and the second born twin had similar rates of low and very low birthweight, but twin 2 was 

more likely to be stillborn than twin 1 (5.2% vs. 3.8%) (Table 3). The risk of at least one infant 

being low birthweight (aRR 4.5, 95% CI 4.3, 4.6), very low birthweight (aRR 5.2, 95% CI 4.7, 

5.8) or stillbirth (aRR 2.8, 95% CI 2.3, 3.3) was higher among twin pregnancies than singleton 

pregnancies (Table 3). 

Table 1. Maternal Characteristics and Obstetric Care

Twin

Pregnancies

(N=1859)

Singleton Pregnancies 

(N=117,593)

Maternal Characteristics

    Maternal Age (median, IQR)

         Missing 

29 [24,34]

0

26 [22,32]

71 

    Primigravid

    Grand Multip (>4 prior pregnancies)

          Missing 

405 (21.8%)

280 (15.1%)

3 

42385 (36.1%)

12369 (10.5%)

391 

    Low Maternal Education (completed                     

a  none or primary only)                           

         Missing

167 (9.2%)

55

8624 (7.5%)

2934

    Botswana Citizen

    Non-Citizen 

         Missing

1761 (94.7%)

89 (4.79%)

9

113386 (96.4%)

3674 (3.12%)

400

    HIV-Infected 562 (30.5%) 28264 (24.2%)
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*Captured in Tsepamo beginning 3/31/2016

Table 2. Preterm Birth among twin and singleton pregnancies

          Missing 17 934

Obstetric Care

    Antenatal Care Visits (median, IQR)

          Missing (%)

9 [6,12]

21 (1.1%)

10 [7,12]

1112 (1.0%)

Ultrasound 

    Total with Ultrasound during pregnancy*

     Median Gestational Age at U/S

     Ultrasound Scan <20wks gestation  

          Missing Ultrasound Date

   

    

980/1248 (78.5%)

25 [19, 31]

243/1199 (20.3%)

49

52,012/77786 (66.9%)

27 [20, 33]

10706/73522 (14.6%)

                     4264

    Delivered in Tertiary Hospital

         Missing 

1019 (54.8%)

0

53040 (45.1%)

1 

    C-Section

        Missing method of delivery

  

1015 (54.6%)

0

25887 (22.0%)

2

Twin 

Pregnancies

(N=1859)

Singleton 

Pregnancies 

(N=117,593)

Relative 

Risk (RR)

Adjusted 

Relative 

Risk* 

Page 14 of 28

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

14

Table 3. Birth Outcomes among twins by birth order  

Twin Pregnancies (N=1859, resulting in 3718 Infants) Singleton 

Pregnancies(

N=117,594)

RR 

(singleton 

vs. any 

twin)

aRR* 

(singleton 

vs. any 

twin)

Twin 1

N=1859 

(Infants)

Twin 2

N=1859 

(Infants

Any Twin

N=1859 

(Pregnancies)

Both Twins

N=1859 

(Pregnancies)

Low 

birthweight 

(<2500g)

Missing 

(N,%)

1158 

(62.4%)

4

1239 

(67.0%)

9

1430 (77.1%)

4 

967 (52.0%)

4 

16019 

(13.6%)

138 

5.7 (95% 

CI 5.5, 

5.8)

4.5 (95% 

CI 4.3, 

4.6)

Very Low 

birthweight 

(<1500g)

Missing 

(N,%)

237 

(12.8%)

4

271 

(14.6%)

9

311 (16.8%)

4 

197 (10.6%)

4

3757 (3.2%)

138 

5.2 (95% 

CI 4.7, 

5.8)

5.2 (95% 

CI 4.7, 

5.8)

Stillbirth 

Missing 

(N,%)

70/1859 

(3.8%)

0

96/1855 

(5.2%)

4

128 (6.9%)

4 

38 (2.0%)

0

2845 (2.4%)

18 

2.8, (95% 

CI 2.4, 

3.4)

2.8 (95% 

CI 2.3, 

3.3)

(ARR)

Preterm birth (<37 wks)

Missing (%)

873 (47.6%)

25 (1.3%)

19462 (16.7%)

1391 (1.2%)

2.8, 95% CI 

2.7, 3.0

2.8, 95% 

CI 2.7,2.9

Very Preterm birth (<32 wks)

Missing (%)

217 (11.8%)

25 (1.3%)

4664 (4.0%)

1391 (1.2%)

2.9 95% CI 

2.6, 3.4

3.0, 95% 

CI 2.6, 3.4
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*adjusted for maternal age, gravida and educational attainment and maternal HIV status

Discussion 

We performed the first published analysis of the prevalence and outcomes of twin births in 

Botswana using nationally representative data from 2014-2019. Because of the absence of 

medically assisted reproduction, Botswana represents a particularly valuable opportunity to study 

naturally occurring rates and outcomes of twinning. We found that twin births occurred in 16 per 

1000 pregnancies, a prevalence much higher than reported twinning rates in LMIC outside of 

sub-Saharan Africa. We also found that adverse birth outcomes were high among twin 

pregnancies, including a 6.9% stillbirth prevalence, almost 3-fold higher than stillbirths in 

singleton pregnancies (2.4%).
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The rate of twinning in our study, 16/1000 pregnancies, is consistent with previously reported 

high rates of naturally occurring twins in Southern Africa (12-15/1000 pregnancies in Namibia, 

South Africa, and Lesotho and 15-18/1000 pregnancies in Zimbabwe) [10]. In contrast, very low 

twinning rates (6-9/1000 pregnancies) have been documented in LMIC across East Asia and 

Central and South America [10]. Geographical differences in naturally occurring twin birth rates 

are primarily due to genetic, racial, and ethnic differences in predisposition to dizygotic (DZ) 

twin birth [10]. While the rate of twinning in Botswana is high compared to other LMIC, it is 

lower than that in many high-income countries (HIC), where the introduction of medically 

assisted reproduction has led to dramatic increases in twinning rates over the past several 

decades. In the United States, for example, the rate of twin births rose from 18.9 per 1000 births 

in 1980 to 33.9 per 1000 births in 2014 [20, 21]. 

The prevalence of stillbirths among twin pregnancies in Botswana (6.9%) is well above the 

WHO’s target of under 12 stillbirths per 1000 births [22, 23]. However, our prevalence is similar 

to that reported across sub-Saharan Africa, and lower than a reported 10.2% stillbirth prevalence 

among twins in one Nigerian study [24]. In contrast, the prevalence of stillbirth in twins in 
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Botswana is higher than in high-income countries such as the United States (USA) (0.35%) [25] 

and South Korea (0.48%) [26]. The prevalence of stillbirth among singletons in our study is 

2.4%, which is nearly 10 times greater than that among singletons in many high-income 

countries [27, 28]. While twin pregnancies are clearly particularly high-risk and contribute 

substantially to perinatal mortality, the high prevalence of stillbirths among all pregnancies in 

Botswana highlights a strong need for interventions to decrease stillbirths in the entire 

population. 

The prevalence of preterm birth among twin pregnancies (46.%) in Botswana is substantially 

higher than that among singleton pregnancies (16.8%) and slightly higher than reported 

prevalence of preterm birth among twins in other sub-Saharan countries [24]. However, 

prevalence of preterm birth with twin pregnancy in Botswana is lower than the United States, 

where 60% of twin pregnancies have preterm births [6, 28]. While the high prevalence of 

preterm births among twins in the US may be partially attributed to the increased risk for preterm 

birth in multiple gestation, it may also be explained by clearer antenatal care guidelines and 

closer prenatal monitoring among twin pregnancies in the US compared to Botswana. The high 
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prevalence of preterm birth among twins in the US is in line with the American College of 

Obstetrics and Gynecology’s guidelines, which recommend timing delivery based on 

chorionicity (38 weeks for dichorionic-diamniotic, 34-36 6/7 weeks for monochorionic-

diamniotic, 32-34 for monochorionic-monoamniotic) and delivery by 37-38 week’s gestation in 

uncomplicated twin pregnancies to reduce the risk of stillbirth  [29-32]. 

The relatively low rate of preterm birth and high rate of stillbirth among twin pregnancies in 

Botswana raises the question of whether twin stillbirths in Botswana could be decreased by 

increasing delivery of high-risk (monochorionic-monoamniotic, monochorionic-diamniotic) twin 

pregnancies between 34 and 37 weeks [31-33]. To implement this type of change, improvements 

in proportion of ultrasound in the first trimester of twin pregnancy to identify chorionicity and to 

improve accuracy of gestational age dating would be needed. Additionally, preterm delivery may 

carry increased risk in low resource settings like Botswana where intensive neonatal care 

services are limited. Though delivery by 37 weeks may not be appropriate in all settings, closer 

surveillance of twin pregnancies after 34 weeks GA, at which time the risk of stillbirth and 

maternal complications begins to rise, may improve twin outcomes in Botswana [26]. Close 
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monitoring for fetal growth concordance [34], screening for aneuploidy, which is more common 

among twin pregnancies and associated with higher risk of stillbirth [35, 36], and clear delivery 

planning during antenatal care may also help to reduce adverse perinatal outcomes among twins. 

In addition to increased antenatal care, improvements in maternal nutrition may help improve 

outcomes in twin pregnancies in Botswana. Despite the relatively lower prevalence of preterm 

births in Botswana, we found very high rates of LBW and VLBW among twins (77.2% and 

16.8%, respectively, compared to 55.6% and 9.1% in the USA) [7], which is likely 

multifactorial, but suggests that women with twin pregnancies in Botswana may not receive 

adequate nutrition to support multiple gestations [37, 38].  

Strengths of this study include the large, nationally representative sample with little missing data. 

Our study also has several limitations. Due to the limited availability of early prenatal 

ultrasound, gestational age may be less accurate. Also, our study did not collect information 

necessary to determine the etiology of preterm delivery and stillbirth among twins, such as 

induction status, spontaneity of preterm delivery, whether c-sections were planned or emergent, 

indication for c-section (including presentation of infants), or fetal heartbeat on admission.  
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Understanding the causes of adverse outcomes is clearly necessary before effective interventions 

can be designed and implemented. However, we hope our findings will be the catalyst for further 

research to elucidate these causes and ultimately lead to fewer adverse birth outcomes among 

twins. We are also unable to distinguish the proportion of twins that are monochorionic (MC), 

which is a known risk factor for stillbirth and neonatal death [9, 33]. However, the prevalence of 

MC twins is thought to be relatively constant worldwide (prevalence of DZ twins varies), so this 

is unlikely to explain the high prevalence of stillbirth that we found among twin pregnancies in 

Botswana [39, 40]. Due to our study design, we are unable to evaluate the impact of preterm and 

low birthweight on longer-term outcomes of twins, or estimate perinatal mortality. Finally, we do 

not have data from deliveries occurring outside the hospital, though this is rare (<5%) in 

Botswana [15, 16].

Conclusions

In summary, we found that the prevalence of twinning is high in Botswana and adverse birth 

outcomes are common among twin pregnancies and are often severe. The high rate of stillborn 

and LBW twins despite a relatively low preterm birthrate compared to twins in high-income 
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countries points to the need for interventions that include early ultrasound and identification of 

twin gestation and type of twin gestation, improved maternal nutrition, close antepartum 

surveillance, and advanced delivery planning in order to reduce morbidity and mortality among 

twin pregnancies in Botswana. 
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(b) Give reasons for non-participation at each stage n/a

Participants 13*

(c) Consider use of a flow diagram n/a
(a) Give characteristics of study participants (eg demographic, clinical, 
social) and information on exposures and potential confounders

9Descriptive data 14*

(b) Indicate number of participants with missing data for each variable of 
interest

10

Outcome data 15* Report numbers of outcome events or summary measures 10
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted 

estimates and their precision (eg, 95% confidence interval). Make clear 
which confounders were adjusted for and why they were included

8, 10
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2

(b) Report category boundaries when continuous variables were 
categorized

5

(c) If relevant, consider translating estimates of relative risk into absolute 
risk for a meaningful time period

n/a

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, 
and sensitivity analyses

9, 10

Discussion
Key results 18 Summarise key results with reference to study objectives 11
Limitations 19 Discuss limitations of the study, taking into account sources of potential 

bias or imprecision. Discuss both direction and magnitude of any potential 
bias

14

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and other 
relevant evidence

13, 
14

Generalisability 21 Discuss the generalisability (external validity) of the study results 12-
14

Other information
Funding 22 Give the source of funding and the role of the funders for the present 

study and, if applicable, for the original study on which the present article 
is based

15

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at www.strobe-statement.org.
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