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Abstract

Objective

Preterm birth is the primary driver of neonatal mortality worldwide, but it is defined by gesta-
tional age (GA) which is challenging to accurately assess in low-resource settings. In a com-
mitment to reducing preterm birth while reinforcing and strengthening facility data sources,
the East Africa Preterm Birth Initiative (PTBi-EA) chose eligibility criteria that combined GA
and birth weight. This analysis evaluated the quality of the GA data as recorded in maternity
registers in PTBi-EA study facilities and the strength of the PTBI-EA eligibility criteria.

Methods

We conducted a retrospective analysis of maternity register data from March—September
2016. GA data from 23 study facilities in Migori, Kenya and the Busoga Region of Uganda
were evaluated for completeness (variable present), consistency (recorded versus calcu-
lated GA), and plausibility (falling within the 3™ and 97" birth weight percentiles for GA of
the INTERGROWTH-21%' Newborn Birth Weight Standards). Preterm birth rates were cal-
culated using: 1) recorded GA <37 weeks, 2) recorded GA <37 weeks, excluding implausi-
ble GAs, 3) birth weight <2500g, and 4) PTBI-EA eligibility criteria of <2500g and between
25009 and 3000g if the recorded GA is <37 weeks.

Results

In both countries, GA was the least recorded variable in the maternity register (77.6%).
Recorded and calculated GA (Kenya only) were consistent in 29.5% of births. Implausible
GAs accounted for 11.7% of births. The four preterm birth rates were 1) 14.5%, 2) 10.6%, 3)
9.6%, 4) 13.4%.
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Conclusions

Maternity register GA data presented quality concerns in PTBi-EA study sites. The PTBi-EA
eligibility criteria of <2500g and between 2500g and 3000g if the recorded GA is <37 weeks
accommodated these concerns by using both birth weight and GA, balancing issues of
accuracy and completeness with practical applicability.

Introduction

Defined by the World Health Organization (WHO) as a baby born before 37 weeks gestational
age (GA), preterm birth is the leading cause of neonatal mortality in Kenya and Uganda as
well as worldwide [1-3]. Preterm birth rates rely on GA measurements assessed and recorded
by frontline health workers and methods of GA assessment vary widely in sensitivity, specific-
ity, and practical applicability. A first trimester ultrasound where fetal crown-rump length is
measured is the international gold standard, but requires a significant upfront capital invest-
ment and specially trained technicians, making it cost prohibitive in many low-resource set-
tings [4, 5]. Early ultrasound is also contingent upon women seeking antenatal care (ANC) in
the first trimester of pregnancy, which only 19% of women do in Kenya and 29% in Uganda
with an average first visit of 5.4 and 4.7 months, respectively [6, 7].

Non-ultrasound GA measurements are predominantly used in low-resource settings, but
with myriad barriers to an accurate assessment. Fundal height measurements require a tape
measurer, have a margin of error of +/- 3 weeks, and rely on the mother bringing her ANC
documentation to her delivery, resulting in high levels of missing data [8, 9]. Post-partum
infant examinations, such as Ballard or Dubowitz scores, require a skilled examiner and have
been shown to skew towards overestimating GA and therefore underestimating preterm birth
[10-14]. Using last menstrual period (LMP) to calculate GA based on the day of delivery is the
most frequently used method worldwide, but it is often inaccurate due to patient recall error,
imprecise due to variations in menstrual cycles, and prone to calculations errors [15-17]. Stud-
ies have shown that when LMP GAs are compared to ultrasound GAs, they have been inaccu-
rate in up to half of all births [13, 18, 19]. This is an especially poor method of assessing GA in
the intrapartum period due to the increase of recall bias proportional to the progression of
pregnancy [20].

Studies conducted in low-resource settings generally conclude that there is no substitute for
a first-trimester ultrasound in achieving an accurate GA, yet the impracticality of universal
ultrasound for all pregnant women leaves healthcare workers with inadequate clinical data and
preterm birth researchers with an unclear approach to eligibility criteria.

In order to reduce neonatal mortality rates from 19.9 and 19.6 per 1,000 live births, in
Kenya and Uganda respectively, to the Sustainable Development Goal of 12 per 1,000 live
births by 2030, both countries have prioritized intrapartum care of mothers in preterm labor
and postpartum care of preterm infants [21, 22]. The East Africa Preterm Birth Initiative
(PTBi-EA) was part of that effort and implemented an intrapartum package of interventions
in Migori, Kenya and the Busoga Region of Uganda to improve the quality of preterm care
and increase survival of preterm neonates.

As an implementation science study, PTBi-EA was dedicated to strengthening and using
routinely collected data sources rather than implementing a protocol of early ultrasound for all
study participants [23, 24]. The study therefore relied on the GA recorded by the healthcare
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workers in the maternity register, a large handwritten ledger where demographic and out-
comes data are recorded for every patient admitted to the maternity ward within each facility.

This nested analysis looked at the GA, birth weight, sex, and birth outcomes data from the
maternity registers of the 23 PTBi-EA study facilities to determine the quality of the GA data
and its reliability as a source for categorizing babies as term or preterm. We also evaluated var-
ious approaches to preterm birth eligibility criteria and calculating preterm birth rates given
GA data limitations.

Methods
Overview of PTBi-EA study

In a collaboration between the University of California, San Francisco (UCSF), the Kenya
Medical Research Institute, and Makerere University in Uganda, PTBi-EA implemented a
package of intrapartum and immediate postpartum interventions aimed at improving the
quality of maternity and newborn care. The study was a cluster randomized control trial
(CRCT) targeting healthcare workers in the maternity and newborn units of 10 intervention
facilities, 10 control facilities, and 3 referral facilities that received the intervention but were
not included in the primary analysis. The study facilities were mostly public, government hos-
pitals and healthcare centers, staffed predominantly by nurse-midwives, nurses, and clinical
officers. Success was measured by the comparison of fresh stillbirth and neonatal mortality
among preterm babies born at the intervention versus control facilities. Results of the CRCT
saw a 34% decreased odds in neonatal mortality in the intervention sites among eligible infants
and are published elsewhere [25].

The intervention package included data strengthening, introduction of a modified version
of the WHO Safe Childbirth Checklist (mSCC), a quality improvement (QI) collaborative, and
PRONTO simulation and team training. To address data quality concerns, all facilities
received the mSCC and on-going data strengthening support which included a 2-day training
during the baseline data collection period in an effort to improve baseline data for more accu-
rate comparisons with the intervention data. The importance of GA documentation was
emphasized during this training and did result in an increase in maternity register GA record-
ings [24].

Early data collection revealed GA quality and accuracy concerns, therefore PTBi-EA senior
staff from both countries convened to agree on the CRCT 28-day follow-up eligibility criteria.
These criteria were: all babies less than 2500g and babies between 2500g and 3000g if the GA is
reported as less than 37 weeks. These criteria were chosen for ease of use, and because they
included all low birth weight (LBW) babies, likely to be preterm using INTERGROWTH 21
Newborn Birth Weight Standards (IG21-NBWS) data as a reference, and babies between
2500g and 3000g only if they had a registered GA less than 37 weeks [26]. This would capture
more late preterm babies and exclude the majority of large babies that are unlikely to be pre-
term. While growth-restricted term babies were also likely to be included in the cohort of
babies less than 2500g, the distinction between preterm and growth-restricted term babies was
not possible to make without early ultrasound dating.

Study design

This nested analysis was a retrospective chart review evaluating the completeness, consistency,
and plausibility of the GA data in the maternity registers during the baseline period (March 1,
2016 -September 30, 2016) of the PTBi-EA CRCT. Eligibility criteria included all live and
fresh stillbirth babies born at the 23 study facilities during baseline, with recorded GA, birth
weight, and sex, that were greater than 24 and less than 42 weeks GA, and greater than 500g
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and less than 6000g birth weight in order to compare the data to the IG21-NBWS [15]. Macer-
ated stillbirths were excluded to comply with standard preterm birth rate definitions where
live birth is the denominator. Fresh stillbirths, however, were included to parallel the PTBi-EA
parent study in which they were included to account for early neonatal deaths misclassified as
fresh stillbirths and to assess the impact of the intrapartum intervention package on fresh still-
birth rates.

Data collection

A team of data collectors conducted line-by-line extraction of the maternity register data from
each of the 23 facilities. All births were included in the dataset and data were transcribed as
they were written by health providers. The data were entered into an Open Data Kit (ODK)
tool and uploaded to a server hosted at UCSF. The datasets were combined and cleaned using
Structured Query Language (SQL) and analyzed using RStudio (Version 1.0.136).

The GA data recorded in the maternity registers came from various sources, dependent on
the individual midwife and data availability. Some were transcribed from ANC booklets pro-
vided by the mothers when they presented for labor, others were calculated from maternal-
reported LMP or measured from fundal height, while others appeared to be adjusted based on
informal post-partum provider assessments. It was unclear when the information was
recorded in the register and seemed to vary dependent on the midwife, with some filling the
information in throughout the shift and others filling it in batches from the patient charts at
the end of a shift. Few women received ultrasounds during their pregnancy as they could only
be obtained at private facilities through out-of-pocket expenditure and they were rarely
received for the purpose of GA dating.

Data analysis

Data completeness was calculated as a proportion of all births where GA, birth weight, sex,
and birth outcome were recorded (looked at as separate variables and a combined variable for
births where all four variables were complete). The consistency evaluation was conducted only
for Kenyan data as their maternity registers list both a recorded GA and a separate LMP date,
and the Ugandan registers listed only a recorded GA. We used Naegele’s rule to create a “cal-
culated GA” variable from the LMP date and date of delivery [27]. The differences between the
calculated and recorded GAs were compared and those with a difference of less than one week
were considered to be equal. Descriptive statistics of calculated GA and the GA differences
were included and a Bland-Altman plot displays the differences graphically.

Plausibility of GAs were evaluated by calculating the percentage of births where the birth
weight for a given GA fell within the 3" and 97™ percentiles according to the IG21-NBWS
data. Any birth that fell outside of these boundaries was considered to have an implausible GA.
As GAs were recorded in whole weeks the 3™ percentile of week, 0 days and the 97 percentile
of week, 6 days was used. For example, a female baby with a GA of 30 had a range from 900g
(3 percentile for 30 weeks, 0 days) to 2070g (97 percentile for 30 weeks, 6 days).

Finally, we calculated different approaches to estimating a preterm birth rate:

Estimate #1: GA <37 weeks-standard definition of preterm babies

Estimate #2: GA <37 weeks with implausible GAs removed (those above the 97 or below
the 3" IG21-NBWS birth weight percentiles for GA)-standard definition of preterm babies
with implausible GAs removed

Estimate #3: Birth weight <2500g —standard definition of LBW babies

PLOS ONE | https://doi.org/10.1371/journal.pone.0237656  August 31, 2020 4/14


https://doi.org/10.1371/journal.pone.0237656

PLOS ONE

How the East Africa Preterm Birth Initiative used facility register gestational age data

Estimate #4: A birth weight<2500g or a birth weight between 2500g - 3000g if the GA is
<37 weeks (PTBi-EA CRCT eligibility criteria)-using IG21-NBWS as a guide, all LBW
babies were included and those with a birth weight above 3000g were excluded. GA was
only considered for babies with a birth weight in between these two boundaries [23, 26].

Ethical considerations

The IRB committees of the University of California, San Francisco (Study ID# 16-19162), the
Kenyan Medical Research Institute (Study ID# 0034/321), and Makerere University School of
Public Health (Study ID# 189) reviewed and approved this study. All data were stored on
encrypted computers and servers. The subset of data used in this analysis was de-identified
prior to access.

Results

In both countries, GA was the least recorded variable of those evaluated in the maternity regis-
ter (93.4% in Kenya and 71.5% in Uganda) followed by birth weight (96.4% in Kenya and
86.7% in Uganda). Ineligible births, per our definition, totaled 5.7% in Kenya and 16.2% in
Uganda. The analytic datasets excluded ineligible births and births with missing variables
which resulted in 4762 births in Kenya (88.8% of total births) and 8935 in Uganda (64.5% of
total births) (Table 1).

Using the analytic datasets described in Table 1, GA histograms plots show 38 weeks as the
most frequent GA in both countries, followed by 40 and 36 weeks in Kenya and 39 and 37
weeks in Uganda (Fig 1). Birth weight histograms plots similarly show 3000g as the most com-
mon birth weight in both countries followed by 2800g and 3200g in Kenya and 3500g and
3200g in Uganda (Fig 1).

Table 1. Completeness of preterm birth variables recorded in facility-based maternity registers.

Kenya Uganda Total

n (%) n (%) n (%)
Total N 5360 (100.0) 13859 (100.0) 19219 (100.0)
Data completeness
Gestational age 5006 (93.4) 9906 (71.5) 14918 (77.6)
Birth weight 5166 (96.4) 12022 (86.7) 17188 (89.4)
Sex 5176 (96.6) 12324 (88.9) 17500 (91.1)
Neonatal outcome* 5231 (97.6) 12648 (91.3) 17879 (93.0)
All variables complete 4841 (90.3) 9136 (65.9) 13977 (72.7)
Ineligible births
Gestational age <24 weeks 15 (0.3) 97 (0.7) 112 (0.6)
Gestational age >42 weeks 17 (0.3) 22(0.2) 39 (0.2)
Birth weight <500g 202 (3.8) 1837 (13.3) 2039 (10.6)
Birth weight >6000g 1(0.0) 3(0.0) 4(0.0)
Macerated stillbirths 69 (1.3) 287 (2.1) 356 (1.9)
Total ineligible 304 (5.7) 2246 (16.2) 2550 (13.3)
Dataset
Analytic dataset** 4762 (88.8) 8935 (64.5) 13697 (71.3)

*If the baby was live birth or stillborn.

*“*Births with gestational age, birth weight, or sex missing were removed as well as ineligible births.

https://doi.org/10.1371/journal.pone.0237656.t001
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Fig 1. Gestational age and birth weight histograms.
https://doi.org/10.1371/journal.pone.0237656.9001

The majority of maternity unit patients were between ages 18-25 years in both countries
(53.7% and 54.9% in Kenya and Uganda, respectively). In Kenya, maternal age skewed youn-
ger with 13.4% of patients less than 18 years old compared to 6.6% in Uganda. Fresh stillbirths
were 1.3% in Kenya and 2.8% in Uganda (Table 2).

Kenya’s maternity registers recorded LMP in 85.5% of births. The calculated GAs ranged
from -14.3 weeks to 91.9 weeks with a median of 39.1 weeks. Comparing the calculated GA to
the recorded GA of the same birth, the differences ranged from 0.0 to 54.9 weeks with an aver-
age difference of 4.2 weeks. The recorded and calculated GAs were equal (with a difference less
than one week) in 29.5% births (Table 3). The Bland-Altman plot shows the mean of the
recorded and calculated GAs on the x-axis and the difference on the y-axis, displaying graphi-
cally the range of differences (Fig 2).

When comparing birth weight and GA data to the IG21-NBWS, 12.3% of births had
implausible GAs (either below the 3" or above the 97 birth weight percentile for GA) in
Kenya and 11.4% in Uganda. In Kenya, more births were above the 97" percentile (9.2%) com-
pared to below the 3™ percentile (3.1%). In Uganda, implausible GAs were evenly distributed
above the 97" and below the 3™ percentiles (5.7% for both). In Kenya, births recorded as 27
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Table 2. Maternity unit patient demographics and outcomes as recorded in facility-based maternity registers.

Kenya Uganda Total

N (%) N (%) N (%)
Total N 4762 8935 13697
Maternal age
<18 years 638 (13.4) 588 (6.6) 1226 (9.0)
18-25 years 2559 (53.7) 4905 (54.9) 7464 (54.4)
26-35 years 1349 (28.3) 2902 (32.5) 4251 (31.0)
>35 years 187 (3.9) 501 (5.6) 688 (5.0)
Sex
Female 2329 (48.9) 4212 (47.1) 6541 (47.8)
Male 2433 (51.1) 4723 (53.9) 7156 (52.2)
Outcomes
Alive 4698 (98.7) 8688 (97.2) 13386 (97.7)
Fresh stillbirth 64 (1.3) 247 (2.8) 311 (2.3)
Mode of Delivery
Vaginal delivery 4442 (93.3) 6689 (74.9) 11131 (81.3)
Cesarean section 320 (6.7) 2246 (25.1) 2566 (18.7)

https://doi.org/10.1371/journal.pone.0237656.t1002

weeks GA had the highest implausibility based on birth weight (85.7%), followed by 28 weeks
(73.7%) and 31 weeks (72.7%). In Uganda, births recorded as 25 weeks were the most likely to
be implausible based on birth weight (60.0%), followed by 28 and 31 weeks (both 56.3%)
(Table 4). Fig 3 is a scatter plot of GA (x-axis) and birth weight (y-axis) data with the IG21-
NBWS 3™ and 97™ percentiles overlaid. The spread of birth weights for each GA as well as the
relative proportions outside of the boundaries are displayed (Fig 3).

Preterm birth rates were calculated by various methods in Table 5. All GAs less than 37
weeks (estimate #1) resulted in a preterm birth rate of 18.5% in Kenya and 12.4% in Uganda.
With the implausible GAs removed, the rates reduced to 13.1% in Kenya and 9.3% in Uganda
(estimate #2). The LBW definition of <2500g with no GA data included resulted in rates of

Table 3. Consistency” of gestational age estimates recorded in facility-based maternity register.

Kenya

N (%)
Total 4762 (100.0)
Calculated gestational age™
Recorded last menstrual period 4073 (85.5)
Range -14.3 weeks, 91.9 weeks
Median GA 39.1 weeks
Interquartile range 4.6 weeks

Difference between recorded and calculated gestational ages

Matching GAs** 1407 (29.5)
Median difference 1.7 weeks
Interquartile range 3.9 weeks

*Evaluated by comparing the gestational age recorded in the maternity register to a gestational age calculated based
on last menstrual period
“Calculated by the formula: last menstrual period subtracted from date of delivery divided by seven.

“*Recorded gestational age and calculated gestational age for the same birth difference less than one week

https://doi.org/10.1371/journal.pone.0237656.t003

PLOS ONE | https://doi.org/10.1371/journal.pone.0237656  August 31, 2020 7/14


https://doi.org/10.1371/journal.pone.0237656.t002
https://doi.org/10.1371/journal.pone.0237656.t003
https://doi.org/10.1371/journal.pone.0237656

PLOS ONE How the East Africa Preterm Birth Initiative used facility register gestational age data

Kenya Uganda
o o
2 - . = -
o < . .
L] L] . L]
8 . 8
- . . . -l
3 . L3 ° 3 . . . o
o b 1 § lo' ' ’ .
o . ‘ 3 o . . .
§“ .. N ‘ ll §— . . l
5 i 5 N BT
% o . s H g o |8 o ° 33
gg— g o o ¢ .l, gg_ oo’l . ’
g 5 S SR B S pilits
SRR S DRI N R i:
g i ¢ : H i ! H & i : . B
sy b, f ) . i : i | i
8 . l s * 3 3!! * 3 g ¢ l . 3 8 : .
- e—~ . ] . - e . ‘ '.'0'
e e o e _* o = .' . ®
. . . ] 2 . « 8
o - o =
T T T T T T T T
25 30 35 40 25 30 35 40
Gestational age Gestational age

Fig 2. Gestational age and birth weight scatter plots with INTERGROWTH-21* lines (3" and 97'" birth weight percentiles for GA).
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6.5% in Kenya and 11.3% in Uganda (estimate #3). The PTBi-EA algorithm of all births less
than 2500g and between 2500g and 3000g if the GA is less than 37 weeks (estimate #4) resulted
in preterm birth rates of 11.5% and 14.4% (Table 5).

Table 4. Plausibility* of gestational ages recorded in facility-based maternity registers.

Kenya Uganda Total

GA N <3 >97" | Implausible GAs | N <3 >97"" | Implausible GAs | N <3 >97" | Implausible GAs
24 3 0(0.0) 1(33.3) 1(33.3) 5 0(0.0) 3(60.0) 3(60.0) 0(0.0) 4 (50.0) 4 (50.0)
25 2 0(0.0) 0(0.0) 0(0.0) 1 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
26 3 0(0.0) 2 (66.7) 2 (66.7) 17 1(5.9) 8(47.1) 9 (52.9) 20 1(5.0) 10 (50.0) 11 (55.0)
27 7 0(0.0) 6 (85.7) 6 (85.7) 7 0(0.0) 2 (28.6) 2 (28.6) 14 0(0.0) 8(57.1) 8(57.1)
28 19 |1(3) |13(684) |14(73.7) 9% | 0(0.0) 54(56.3) | 54 (56.3) 115 | 1(09) |67(583) | 68(59.1)
29 12 000 |6(50.0) | 6(50.0) 25 0(0.0) 14 (56.0) | 14 (56.0) 37 0(0.0) | 20(541) |20(54.1)
30 48  |1(21) |32(66.7) |33(68.8) 87 |5(5.7) 34(39.1) | 39 (44.8) 135 | 6(44) | 66(489) |72(53.3)
31 11 |0(00) 8727 |8(72.7) 16 | 0(0.0) 9(56.3) | 9(56.3) 27 0000) |17(63.0) | 17(63.0)
32 38 1(2.6) 19 (50.0) | 20 (52.6) 67 4(6.0) 17 (25.4) | 21(31.3) 105 5(4.8) 36 (34.3) 41 (39.0)
33 17 0(0.0) 7 (41.2) 7 (41.2) 24 1(4.2) 5(20.8) 6 (25.0) 41 1(24) 12 (29.3) 13 (31.7)
34 106 2(1.9) 34 (32.1) |36(34.0) 144 6(4.2) 11 (7.6) 17 (11.8) 250 8(3.2) 45 (18.0) 53 (21.2)
35 71 6(8.5) 21(29.6) |27 (38.0) 70 8(11.4) 6 (8.6) 14 (20.0) 141 14 (9.9) 27 (19.1) 41 (29.1)
36 546 8 (1.5) 92 (16.8) | 100 (18.3) 545 45 (8.3) 36 (6.6) 81 (14.9) 1091 53 (4.9) 128 (11.7) | 181 (16.6)
37 367 10 (2.7) 38(10.4) |48(13.1) 1049 | 32(3.1) 59 (5.6) 91 (8.7) 1416 42 (3.0) 97 (6.9) 139 (9.8)
38 1868 |32(1.7) 109 (5.8) | 141 (7.5) 4167 | 180 (4.3) 179 (4.3) | 359 (8.6) 6035 212 (3.5) | 288 (4.8) 500 (8.3)
39 465 19 (4.1) 10 (2.2) 29 (6.2) 1687 | 86(5.1) 56 (3.3) 142 (8.4) 2152 105 (4.9) | 66 (3.1) 171 (7.9)
40 963 |50(5.2) |34(35) |84(8.7) 703 | 111(15.8) | 18(2.6) | 129 (18.3) 1666 | 161(9.7) |52(3.1) | 213(12.8)
41 118 |5(42) |3(25) |8(6.8) 133 |12(90) 0(00) |12(9.0) 251 |17(68) |3(1.2) 20 (8.0)
42 98 | 12(122) |4(a1) | 16(163) 92 |19(207) |1(L1) |20(17) 190 |31(163) |5(2.6) 36 (18.9)
Total | 4762 | 147 (3.1) | 439 (9.2) | 586 (12.3) 8935 | 510(5.7) |512(5.7) | 1022 (11.4) 13697 | 657 (4.8) | 951 (6.9) | 1608 (11.7)

*Using the INTERGROWTH-21% newborn birth weight percentiles for gestational age. An implausible GA is one in which the birth weight fell either below the 3"

percentile or above the 97 percentile for gestational age. Abbreviations: GA-gestational age.

https://doi.org/10.1371/journal.pone.0237656.t004
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Fig 3. Bland-Altman plot of Kenyan recorded and last menstrual period-calculated gestational ages.
https://doi.org/10.1371/journal.pone.0237656.9003

Discussion

Lacking a gold standard, PTBi-EA sought an alternative method to assess preterm birth eligi-
bility criteria using facility routine data sources. The PTBi-EA inclusion criteria (estimate #4)

Table 5. Preterm birth rate estimates using various gestational age and birth weight criteria.

Kenya Uganda Total
n (%) n (%) n (%)
Total N 4762 (100.0) 8935 (100.0) 13697 (100.0)
Estimate #1 883 (18.5) 1104 (12.4) 1987 (14.5)
(<37 weeks GA)
Estimate #2 623 (13.1) 835 (9.3) 1458 (10.6)
(<37 weeks GA, inaccurate GAs removed)
Estimate #3 308 (6.5) 1011 (11.3) 1319 (9.6)
(<2500g)
Estimate #4 550 (11.5) 1291 (14.4) 1841 (13.4)

(<2500g & 2500g - 3000g if GA is <37 weeks)*

*East Africa Preterm Birth Initiative study eligibility criteria.

https://doi.org/10.1371/journal.pone.0237656.t1005
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of all babies less than 2500g and babies between 2500g and 3000g if the GA listed is less than
37 weeks, was an imperfect solution to a complicated problem, but one that was cost efficient
and practical. It was simple to calculate by the PTBi-EA study nurses and yielded reasonable
baseline preterm birth rates in both countries per existing estimates. While the PTBi-EA (esti-
mate #4) preterm birth rates of 11.5% in Kenya and 14.4% in Uganda are substantially higher
than the recent national estimates of 8.6% and 6.6% in Kenya and Uganda, respectively, by
Chawanpaiboon/Vogel (2019), this is not surprising given the location and patient population
of the PTBi-EA study sites [28]. Chawanpaiboon/Vogel (2019) acknowledge the limitations in
their estimates given that both countries have little or no available national civil registration
and vital statistics for preterm birth and therefore study data were used to build their statistical
models, generally from research conducted in the capital cities [28]. Both Migori County and the
Busoga region of Uganda are rural areas where mothers have fewer lifetime interactions with the
healthcare system, are more likely to be malnourished and anemic, receive fewer antenatal care
visits, and are more likely to be exposed to infection, particularly malaria, than women in the capi-
tal cities of Nairobi and Kampala, all of these factors increasing the risk of preterm birth [7, 29].
Few other published national estimates exist due to the paucity of accurate GA data, but the Blen-
cowe (2012) national estimates from 2010 were 12.3% in Kenya and 13.1% in Uganda and the
IG21 (2015) Kenya (with data from hospitals in Parklands, a wealthy suburb of Nairobi) data
showed an 8.3% preterm birth rate [30,31]. It should be noted that our inclusion of fresh stillbirths
veers from the traditional preterm birth definition, as recommended by others, and this may con-
tribute to further differences between these estimates [17, 32].

In this paper, we also quantified maternity register GA data quality issues through com-
pleteness (Table 1), consistency (Table 3), and plausibility (Table 4) evaluations and calculated
preterm birth rate estimates using various methods. In the PTBi-EA dataset, GA was the most
incomplete variable in both countries. Recorded GA was only consistent with calculated GA in
29.5% of births in Kenya, meaning the remaining births were either not calculated from LMP,
had an inaccurate LMP, or the GA was calculated incorrectly. At least 11.7% of births in the
two countries combined had implausible GAs with potentially more given that falling within
the IG-NBWS boundaries meant only that the GA was plausible, not necessarily accurate.

Given the data quality issues described for GA, other variables were considered to increase
the accuracy of identifying preterm neonates, and thus preterm birth rates. Without a gold
standard we cannot calculate the sensitivity and specificity of these estimates, but we can evalu-
ate each one for its likely accuracy and practicality of use in an implementation science study.
In Kenya, estimate #1 (<37 weeks recorded GA) resulted in a preterm birth rate of 18.5%.
Considering the high number of births above the 97" percentile, it appears that health workers
are underestimating GA and therefore overestimating preterm birth. Whether this is inten-
tional or not is unknown but seems to most likely be the result of inaccurate LMP data leading
to an inaccurate GAs. Uganda’s estimate #1 of 12.4% is less straight forward given the balance
of implausible GAs above and below the cut-offs, however with a LBW rate of 11.3% in
Uganda, it seems possible that this is an underestimation, missing some of the older, heavier
preterm babies.

Removing GAs with a birth weight above or below the IG-NBWS cut off and then using the
less than 37 weeks GA (estimate #2) is a reasonable approach and results in preterm birth esti-
mates of 13.1% in Kenya and 9.1% in Uganda. This approach, however, would have been
impractical to implement as part of study protocol as it would have required detailed algo-
rithms and made eligibility determination complicated for the study nurses with competing
clinical duties. As such, this may be a more applicable approach to surveillance estimates.

According to the IG21-NBWS, the majority of babies less than 2500g are also likely to be
preterm [26, 33]. As such, using the LBW definition (estimate #3) of all babies less than 2500g
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is a natural proxy for preterm birth when GA data are poor for the purposes of post-partum
clinical interventions, surveillance, or participation in trials. It is a simple assessment easily
conducted by a busy health worker and uses what may be the more reliable variable of birth
weight. It does, however, miss late preterm infants that are not LBW babies who are still at risk
of prematurity related adverse outcomes, particularly in low-resource settings, and also subse-
quently includes some growth-restricted term babies [34].

Estimate #4, combining GA and birth weight, includes all LBW babies and uses 3000g as a
maximum cut-off. GA was only considered in babies with a birth weight between 2500g and
3000g which led to a higher probability of accuracy given the birth weight restrictions. This was
a straight-forward algorithm that made determining eligibility simple and less time consuming.

Despite the utility of the proposed approaches to identify preterm birth, future interven-
tions are needed to improve GA accuracy in Migori County and the Busoga region. These
might include earlier engagement in ANC, GA dating at first ANC visit, better systems of cap-
turing ANC data such that the intrapartum provider can access the data without relying on the
patient to her bring her own records, and more in-depth training for health care workers on
the IG21-NBWS data to allow for GA adjustments based on birth weight (ie., if the LMP calcu-
lates to a 28-week GA but the baby has a birth weight of 4,000g, going back to the mother to
probe for a more accurate LMP). Intrapartum calculations of GA are likely to be poor whether
they are done from fundal height, LMP, or even ultrasound when compared to the same calcu-
lations made in the first trimester. These interventions could greatly increase the accuracy of
GA without the investment of ultrasound dating for all women.

Limitations

The main methodological challenge of this study was the commitment to using routinely col-
lected data sources rather than establishing a parallel research study data collection approach,
but as an implementation science study it was central to the study as a whole to work with the
data streams and systems already in place.

Differences in data quality were seen between the two countries, which likely had to do
with the increased volume at the facilities in Uganda which were higher level hospitals as com-
pared Kenya which included lower level health facilities as well as hospitals.

As GA could not be confirmed, it is not possible to calculate the percentage of small-and
large-for-GA babies captured in the PTBi-EA estimates and there is a high likelihood that
growth-restricted term babies were included in the <2500g category. In low-resource settings,
however, this distinction rarely results in differential clinical care. Newborn units in PTBi-EA
sites tend to admit babies based on either birth weight or clinical status, not GA, and lack the
technological and human resources of a neonatal intensive care unit where clinical care would
differ for a preterm versus growth-restricted term baby. Additionally, there were natural errors
in data due to the hand recording in the maternity register by busy frontline health workers.
GA was also recorded in whole weeks which limited the granularity of the IG21-NBWS analy-
sis. Birth weights, although all using digital scales, were also measured in different facilities and
scales may not have been routinely calibrated. Finally, the data strengthening activities that
were launched during the baseline period likely affected the completion and possibly consis-
tency and plausibility to a lesser extent of the GA and birth eight data. These effects over time
were further explored in other PTBi-EA publications [24].

Conclusion

In 1975, the World Health Organization (WHO) reclassified “prematurity” defined by birth
weight (<2500g) to “preterm” defined by GA (<37 weeks) [1, 35]. This reflected new
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understandings of the differences between fetal growth and fetal maturation, but limited the
utility of the definition in resource-poor settings where GA is substantially more challenging
to assess than birth weight. Gestational age assessments, therefore, continue to be challenging
in low-resource settings with both antenatal and postnatal measurements flawed in accuracy
and practical applicability. Lacking a current alternative, estimate #4 gave PTBi a reasonable
assessment of preterm birth rates and a simple, cost-effective eligibility assessment. Identifying
and counting preterm babies is a critical first step towards a better understanding of the com-
plex syndrome of preterm birth and its pathologies, leading to a reduction in rates over time,
and the saving of neonatal lives.

Supporting information

S1 Data.
(XLSX)

Acknowledgments

The authors would like to thank the data collection teams of the East Africa Preterm Birth Ini-
tiative and the maternity unit health workers of the 23 facilities in Migori, Kenya and the
Busoga Region of Uganda. Additional methods assistance was provided by Dr. Nancy L. Sloan
and the data were managed and cleaned by Ryan Keating and Rikita Merai.

Author Contributions

Conceptualization: Lara Miller, Phillip Wanduru, Nicole Santos, Elizabeth Butrick, Peter
Waiswa, Phelgona Otieno, Dilys Walker.

Data curation: Lara Miller.

Formal analysis: Lara Miller.

Funding acquisition: Dilys Walker.

Investigation: Lara Miller, Peter Waiswa, Phelgona Otieno, Dilys Walker.

Methodology: Lara Miller, Phillip Wanduru, Nicole Santos, Elizabeth Butrick, Peter Waiswa,
Phelgona Otieno, Dilys Walker.

Project administration: Lara Miller, Elizabeth Butrick, Peter Waiswa, Dilys Walker.
Software: Lara Miller.

Supervision: Peter Waiswa, Phelgona Otieno.

Visualization: Lara Miller.

Writing - original draft: Lara Miller.

Writing - review & editing: Lara Miller, Phillip Wanduru, Nicole Santos, Elizabeth Butrick,
Peter Waiswa, Phelgona Otieno, Dilys Walker.

References
1. World Health Organization. ICD-11 for Mortality and Morbidity Statistics 2018.

2. Healthy Newborn Network. Leading causes of neonatal mortality in Kenya. Kenya 2017. https://www.
healthynewbornnetwork.org/country/kenya/ (accessed November 17, 2019).

3. Healthy Newborn Network. Leading causes of neonatal mortality in Uganda. Uganda 2017. https:/
www.healthynewbornnetwork.org/country/uganda/ (accessed November 18, 2019).

PLOS ONE | https://doi.org/10.1371/journal.pone.0237656  August 31, 2020 12/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237656.s001
https://www.healthynewbornnetwork.org/country/kenya/
https://www.healthynewbornnetwork.org/country/kenya/
https://www.healthynewbornnetwork.org/country/uganda/
https://www.healthynewbornnetwork.org/country/uganda/
https://doi.org/10.1371/journal.pone.0237656

PLOS ONE

How the East Africa Preterm Birth Initiative used facility register gestational age data

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Laing FC, Frates MC, Benson CB. Ultrasound Evaluation During the First Trimester of Pregnancy.
2013.

Chudleigh T, Loughna P, Chitty L, Evans T, Chudleigh T. Fetal Size and Dating: Charts Recommended
for Clinical Obstetric Practice Fetal size and dating: charts recommended for clinical obstetric practice
2015. https://doi.org/10.1179/174313409X448543

Kenya National Bureau of Statistics, Ministry of Health, National AIDS Control Council, Kenya Medical
Research Institute, National Council for Population and Development, The DHS Program Il. Kenya
Demographic and Health Survey. 2014.

The DHS Program ICF International. Uganda Demographic and Health Survey. 2016.

White LJ, Lee SJ, Stepniewska K, Simpson JA, Lu S, Dwell M, et al. Estimation of gestational age from
fundal height: a solution for resource-poor settings. J R Soc Interface 2012; 9:503-10. https://doi.org/
10.1098/rsif.2011.0376 PMID: 21849388

Jehan |, Zaidi S, Rizvi S, Mobeen N, McClure EM, Munoz B, et al. Dating gestational age by last men-
strual period, symphysis-fundal height, and ultrasound in urban Pakistan. Int J Gynecol Obstet 2010;
110:231-4. https://doi.org/10.1016/j.ijgo.2010.03.030 PMID: 20537328

Ballard JL, Khoury JC, Wang L, Lipp R. New Ballard Score, expanded to include extremely premature
infants. J Pediatr 1991:417-23.

Dubowitz L. Assessment of gestational age in newborn: a practical scoring system. Arch Dis Child
1969; 44:782.

Wariyar U, Tin W, Hey E, Victoria R, Cleveland S. Gestational assessment assessed. Arch Dis Child
1997; 77:216-21.

Wingate MS, Alexander GR, Buekens P, Vahratian A. Comparison of Gestational Age Classifications:
Date of Last Menstrual Period vs. Clinical Estimate. Ann Epidemiol 2007; 17:425-30. https://doi.org/10.
1016/j.annepidem.2007.01.035 PMID: 17395481

Rosenberg RE, Ahmed ASMNU, Ahmed S, Saha SK, Chowdhury MAKA, Black RE, et al. Determining
gestational age in a low-resource setting: Validity of last menstrual period. J Heal Popul Nutr 2009;
27:332-8. https://doi.org/10.3329/jhpn.v27i3.3375 PMID: 19507748

Neufeld LM, Haas JD, Grajéda R, Martorell R. Last menstrual period provides the best estimate of ges-
tation length for women in rural Guatemala. Paediatr Perinat Epidemiol 2006; 20:290-8. https://doi.org/
10.1111/j.1365-3016.2006.00741.x PMID: 16879501

Blanchard K, Cooper D, Dickson K, Cullingworth L, Mavimbela N, Von Mollendorf C, et al. A comparison
of women’s, providers’ and ultrasound assessments of pregnancy duration among termination of preg-
nancy clients in South Africa. BJOG An Int J Obstet Gynaecol 2007; 114:569-75. https://doi.org/10.
1111/j.1471-0528.2007.01293.x PMID: 17439565

Kramer MS, Papageorghiou A, Culhane J, Bhutta Z, Goldenberg RL, Gravett M, et al. Challenges in
defining and classifying the preterm birth syndrome. Am J Obstet Gynecol 2012; 206:108-12. https://
doi.org/10.1016/j.ajog.2011.10.864 PMID: 22118964

Mustafa G, David RJ. Comparative Accuracy of Clinical Estimate versus Menstrual Gestational Age in
Computerized Birth Certificates. Public Health Rep 2001; 116:15-21. https://doi.org/10.1093/phr/116.1.
15 PMID: 11571404

Qin C, Hsia J, Berg CJ. Variation between last-menstrual-period and clinical estimates of gestational
age in vital records. Am J Epidemiol 2008; 167:646-52. https://doi.org/10.1093/aje/kwm345 PMID:
18182378

Macaulay S, Buchmann EJ, Dunger DB, Norris SA. Reliability and validity of last menstrual period for
gestational age estimation in a low-to-middle-income setting. J Obstet Gynecol Res 2019; 45:217-25.
https://doi.org/10.1111/jog.13801 PMID: 30191629

UNICEF. Neonatal mortality rate. UNICEF Data Monit Situat Child Women n.d. https://data.unicef.org/
topic/child-survival/under-five-mortality/ (accessed November 17, 2019).

The United Nations. Sustainable Development Goals. United Nations 2015. https://
sustainabledevelopment.un.org/ (accessed November 17, 2019).

Otieno P, Waiswa P, Butrick E, Namazzi G, Achola K, Santos N, et al. Strengthening intrapartum and
immediate newborn care to reduce morbidity and mortality of preterm infants born in health facilities in
Migori County, Kenya and Busoga Region, Uganda: a study protocol for a randomized controlled trial.
Trials 2018; 19:1-12. https://doi.org/10.1186/s13063-017-2423-4

Keating R, Merai R, Mubiri P, Kajjo D, Otare C, Mugume D, et al. Assessing effects of a data quality
strengthening campaign on completeness of key fields in facility-based maternity registers in Kenya
and Uganda. East Africa J Appl Heal Monit Eval 2019:1-7.

PLOS ONE | https://doi.org/10.1371/journal.pone.0237656  August 31, 2020 13/14


https://doi.org/10.1179/174313409X448543
https://doi.org/10.1098/rsif.2011.0376
https://doi.org/10.1098/rsif.2011.0376
http://www.ncbi.nlm.nih.gov/pubmed/21849388
https://doi.org/10.1016/j.ijgo.2010.03.030
http://www.ncbi.nlm.nih.gov/pubmed/20537328
https://doi.org/10.1016/j.annepidem.2007.01.035
https://doi.org/10.1016/j.annepidem.2007.01.035
http://www.ncbi.nlm.nih.gov/pubmed/17395481
https://doi.org/10.3329/jhpn.v27i3.3375
http://www.ncbi.nlm.nih.gov/pubmed/19507748
https://doi.org/10.1111/j.1365-3016.2006.00741.x
https://doi.org/10.1111/j.1365-3016.2006.00741.x
http://www.ncbi.nlm.nih.gov/pubmed/16879501
https://doi.org/10.1111/j.1471-0528.2007.01293.x
https://doi.org/10.1111/j.1471-0528.2007.01293.x
http://www.ncbi.nlm.nih.gov/pubmed/17439565
https://doi.org/10.1016/j.ajog.2011.10.864
https://doi.org/10.1016/j.ajog.2011.10.864
http://www.ncbi.nlm.nih.gov/pubmed/22118964
https://doi.org/10.1093/phr/116.1.15
https://doi.org/10.1093/phr/116.1.15
http://www.ncbi.nlm.nih.gov/pubmed/11571404
https://doi.org/10.1093/aje/kwm345
http://www.ncbi.nlm.nih.gov/pubmed/18182378
https://doi.org/10.1111/jog.13801
http://www.ncbi.nlm.nih.gov/pubmed/30191629
https://data.unicef.org/topic/child-survival/under-five-mortality/
https://data.unicef.org/topic/child-survival/under-five-mortality/
https://sustainabledevelopment.un.org/
https://sustainabledevelopment.un.org/
https://doi.org/10.1186/s13063-017-2423-4
https://doi.org/10.1371/journal.pone.0237656

PLOS ONE

How the East Africa Preterm Birth Initiative used facility register gestational age data

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

Walker D, Otieno P, Butrick E, Namazzi G, Achola K, Merai R, et al. Impact of an intrapartum and imme-
diate newborn care quality improvement package on fresh stillbirth and neonatal mortality among pre-
term births in Kenya and Uganda: a cluster randomised hospital-based trial. Lancet Glob Heal 2020.

Villar J, Ismail LC, Victora CG, Ohuma EO, Bertino E, Altman DG, et al. International standards for new-
born weight, length, and head circumference by gestational age and sex: The Newborn Cross-Sectional
Study of the INTERGROWTH-21st Project. Lancet 2014; 384:857—68. https://doi.org/10.1016/S0140-
6736(14)60932-6 PMID: 25209487

Baskett TF, Associate FN. Naegele ‘ s rule: a reappraisal 2000; 107:1433-5.

Chawanpaiboon S, Vogel JP, Moller AB, Lumbiganon P, Petzold M, Hogan D, et al. Global, regional,
and national estimates of levels of preterm birth in 2014: a systematic review and modelling analysis.
Lancet Glob Heal 2018. https://doi.org/10.1016/S2214-109X(18)30451-0 PMID: 30389451

Kenya National Bureau of Statistics, Ministry of Health/Kenya, National AIDS Control Council/Kenya,
Kenya Medical Research Institute, National Council for Population and Development/K. Kenya Demo-
graphic and Health Survey 2014. Rockville, MD: 2015.

Blencowe H, Cousens S, Oestergaard MZ, Chou D, Moller AB, Narwal R, et al. National, regional, and
worldwide estimates of preterm birth rates in the year 2010 with time trends since 1990 for selected
countries: A systematic analysis and implications. Lancet 2012; 379:2162-72. https://doi.org/10.1016/
S0140-6736(12)60820-4 PMID: 22682464

Barros FC, Papageorghiou AT, Victora CG, Noble JA, Pang R, lams J, et al. The Distribution of Clinical
Phenotypes of Preterm Birth Syndrome. JAMA Pediatr 2015; 169:220. https://doi.org/10.1001/
jamapediatrics.2014.3040 PMID: 25561016

Blencowe H, Cousens S, Chou D, Oestergaard M, Say L, Moller A-B, et al. Born too soon: the global
epidemiology of 15 million preterm births. Reprod Health 2013; 10:S2. https://doi.org/10.1186/1742-
4755-10-S1-S2 PMID: 24625129

Jin J. Babies With Low Birth Weight. JAMA 2015; 313:432. https://doi.org/10.1001/jama.2014.3698
PMID: 25626052

Marchant T, Willey B, Katz J, Clarke S, Kariuki S, Kuile F ter, et al. Neonatal Mortality Risk Associated
with Preterm Birth in East Africa, Adjusted by Weight for Gestational Age: Individual Participant Level
Meta-Analysis. PLoS Med 2012; 9:e1001292. https://doi.org/10.1371/journal.pmed.1001292 PMID:
22904691

World Health Organization. Manual of the international classification of diseases, injuries, and causes
of death. vol. 1 (9th rev. Geneva (Switzeralnd): 1975. https://doi.org/10.1002/0470011815.b2a02025

PLOS ONE | https://doi.org/10.1371/journal.pone.0237656  August 31, 2020 14/14


https://doi.org/10.1016/S0140-6736%2814%2960932-6
https://doi.org/10.1016/S0140-6736%2814%2960932-6
http://www.ncbi.nlm.nih.gov/pubmed/25209487
https://doi.org/10.1016/S2214-109X%2818%2930451-0
http://www.ncbi.nlm.nih.gov/pubmed/30389451
https://doi.org/10.1016/S0140-6736%2812%2960820-4
https://doi.org/10.1016/S0140-6736%2812%2960820-4
http://www.ncbi.nlm.nih.gov/pubmed/22682464
https://doi.org/10.1001/jamapediatrics.2014.3040
https://doi.org/10.1001/jamapediatrics.2014.3040
http://www.ncbi.nlm.nih.gov/pubmed/25561016
https://doi.org/10.1186/1742-4755-10-S1-S2
https://doi.org/10.1186/1742-4755-10-S1-S2
http://www.ncbi.nlm.nih.gov/pubmed/24625129
https://doi.org/10.1001/jama.2014.3698
http://www.ncbi.nlm.nih.gov/pubmed/25626052
https://doi.org/10.1371/journal.pmed.1001292
http://www.ncbi.nlm.nih.gov/pubmed/22904691
https://doi.org/10.1002/0470011815.b2a02025
https://doi.org/10.1371/journal.pone.0237656

