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BACKGROUND: Preterm birth complications are the leading cause of
death among children under 5 years of age, and this imposes a heavy
burden on healthcare and social systems, particularly in low- and middle-
income countries where reliable estimates of gestational age may be
difficult to obtain. Metabolic analyte data can aid in accurately estimating
gestational age. However, important costs are associated with this
approach, which are related to the collection and analysis of newborn
samples, and its cost-effectiveness has yet to be determined.
OBJECTIVE: This study aimed to evaluate the cost-effectiveness of
an internationally validated gestational age estimation algorithm based
on neonatal blood spot metabolite data in combination with clinical and
demographic variables (birthweight, sex, and multiple birth status)
compared with a basic algorithm that uses only clinical and de-
mographic variables in classifying infants as preterm or term (using a
37-week dichotomous preterm or term classification) and determining
gestational age.

STUDY DESIGN: The cost per correctly classified preterm infant and
per correctly classified small-for-gestational-age infant for the metabolic
algorithm vs the basic algorithm were estimated with data from an

RESULTS: Over 1 year, the metabolic algorithm correctly classified an
average of 8.7 (95% confidence interval, 1.3—14.7) additional preterm
infants and 145.3 (95% confidence interval, 128.0—164.7) additional
small-for-gestational-age infants per 1323 infants screened compared
with the basic algorithm using only clinical and demographic variables.
The incremental annual cost of adopting the metabolic algorithm was
$100,031 (95% confidence interval, $86,354—$115,725). If setup costs
were included, the cost was $120,496 (95% confidence interval,
$106,322—$136,656). Compared with the basic algorithm, the incre-
mental cost per preterm infant correctly classified by the metabolic al-
gorithm is $11,542 ($13,903 with setup), and the incremental cost per
small-for-gestational-age infant is $688 ($829 with setup).
CONCLUSION: This research quantifies the cost per detection of
preterm or small-for-gestational-age infant in the implementation of a
newborn screening program to aid in improved classification of preterm
and, in particular, small-for-gestational-age infants in low- and middle-
income countries.
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implementation study in Bangladesh.
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Introduction

Each year, an estimated 15 million in-
fants are born preterm (before 37 weeks
of gestation). Preterm birth complica-
tions are the leading cause of death
among children under 5 years of age, and
this imposes a heavy burden on health-
care and social systems. Small-for-
gestational-age (SGA) infants also face
considerable morbidity and mortality
risks' such as increased risk of increased
economic burden owing to healthcare
costs or lack of achieving neuro-
development potential.” The economic
cost associated with preterm infants is
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estimated to be 10 times more than that
of term infants, and there is also an
associated loss in economic
productivity.”® Low- and middle-
income countries (LMICs) are espe-
cially burdened as reliable estimates of
gestational age (GA) may be difficult to
obtain, making it challenging to distin-
guish between preterm and term low
birthweight (BW) infants, provide
appropriate maternal and neonatal care,
anticipate complications, or guide pre-
ventive measures. Feasible, effective, and
cost-effective interventions for
decreasing neonatal morbidity in LMICs
have been highlighted as a priority by the
World Health Organization.” However,
for these interventions to be effective,
accurate estimates of GA both prenatally
and at birth are needed.

Established newborn screening (NBS)
programs operating in many regions
worldwide yield metabolic analyte data
that can aid accurate estimation of GA.”
Several  groups have  developed

algorithms that can accurately estimate
GA to within £1 to 2 weeks of
ultrasound-validated GA using meta-
bolic data combined with clinical and
demographic variables.””'* These algo-
rithms have also demonstrated greater
accuracy in estimating GA than algo-
rithms that solely use clinical and de-
mographic  variables.'”” To  our
knowledge, no prior study has investi-
gated the cost and cost-effectiveness of
using metabolic algorithms compared
with algorithms that use clinical infor-
mation alone (ie, BW, sex, and multiple
birth status) to determine rates of pre-
term and SGA births. To address this
knowledge gap, we conducted a cost-
effectiveness analysis comparing an
internationally validated GA estimation
algorithm based on neonatal blood spot
metabolite data in combination with sex,
BW, and multiple birth status (herein-
after referred to as the metabolic algo-
rithm)'* with an algorithm that uses
only BW, sex, and multiple birth status
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Why was this study conducted?

Key findings

A cost analysis of using metabolic algorithms to determine the rates of preterm
and small-for-gestational-age (SGA) births has not yet been performed.

Compared with the basic algorithm that uses only birthweight (BW), sex, and
multiple birth status, the implementation of a metabolic algorithm using blood
spots collected from newborns to improve the classification of SGA and preterm
infants identifies preterm births and SGA infants at a cost of $11,542 ($13,903
with setup) and $688 ($829 with setup), respectively. Testing only those infants
within the BW range of 2500 to 3600 g has the lowest cost per identified infant.

What does this add to what is known?

The incremental annual cost of adopting the metabolic algorithm was $100,031
(95% confidence interval [CI], $86,354—$115,725). If setup costs were included,
the cost was $120,496 (95% CI, $106,322—$136,656).

(hereinafter referred to as the basic al-
gorithm) in classifying infants as pre-
term or term (using a 37-week
dichotomous preterm or term classifi-
cation) and determining GA.

Materials and Methods
Decision problem

The study was designed to address a
specific decision problem: whether a
program adopting a GA estimation al-
gorithm that can be used to determine
preterm birth based on metabolic ana-
lyte data derived from newborn blood
spots should be funded within LMICs.”
This also permits the identification of
SGA infants, defined as those weighing
below the 10th percentile for weight at a
given GA. Preterm birth and SGA are
qualitatively distinct and therefore not
possible to combine into a single
outcome through a weighting approach.
Given the uncertainty over the long-
term implications of both outcomes,
cost-effectiveness analyses were con-
ducted for both outcomes rather than
estimating outcomes in terms of hybrid
measures, such as quality-adjusted life
year (QALY, where a QALY of 1 is
equivalent to living 1 year in full health)
or disability-adjusted life year (DALY,
defined as the sum of years of productive
life lost because of disability). The anal-
ysis adopted a governmental perspective,
with outcome assessed as number of
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preterm and SGA births
identified.

Initial analysis compared both pre-
term birth and SGA classifications by
using the metabolic algorithm with
classification using the basic algorithm.
Further analysis specific to preterm birth
classifications involved a sequential
analysis comparing restricted use of the
metabolic algorithm with subsets of the
population based on BW. This was based
on 2 factors intended to optimize the
algorithm: the higher sensitivity with
respect to the detection of preterm birth
using the basic algorithm in low BW
neonates and the low rate of preterm
birth in high BW neonates.

correctly

Overview

Overview of implementation
study and algorithm

The results of the implementation study
and further details of the study and the
algorithms used for this analysis have
been published previously.'”'* Briefly,
newborn dried blood spot (DBS) heel
prick and cord blood samples were
collected in Matlab, Bangladesh, and
sent to the Newborn Screening Ontario
in Ottawa, Canada. DBS samples were
analyzed for the following metabolites:
hemoglobin  profiles;  17a-hydrox-
yprogesterone; thyroid-stimulating hor-
mone; immunoreactive trypsinogen; a
panel of 12 amino acids and 31

acylcarnitines; T-cell receptor excision
circles; biotinidase activity; and galac-
tose-1-phosphate  uridylyltransferase
activity. The metabolic algorithm com-
bined both clinical data (infant sex,
multiple birth status [yes or no], BW,
newborn screening analytes, and pair-
wise interactions) and analyte data. The
basic algorithm was modeled as fully and
advantageously as possible (ie, BW was
splined to allow for nonlinearity, and
pairwise interactions were modeled ac-
cording to BW, sex, and multiple gesta-
tions) but contained only locally
available clinical data ( infant sex, BW,
and multiple birth status [yes or no]).

Validation of the metabolic
algorithm

In preparation for modeling, newborn
screening analytes were Winsorized us-
ing an adapted “Tukey fence”
approach.”” Analyte levels and newborn
BWs were standardized to have a mean
of 0 and a standard deviation of 1 by
subtracting the mean for each analyte
and dividing by the standard deviation in
each cohort. This affected normalizing
analyte and BW results for local factors
while preserving relative covariation of
analytes and BWs across the spectrum of
observed GA. Model performance was
externally validated by comparing the
estimated GA to the actual ultrasound-
validated GA of each participating in-
fant. Performance characteristics for
estimating GA across dichotomous GA
threshold (>37 vs <37 weeks of gesta-
tion) were evaluated using area under
the receiver operator curve from a binary
logistic regression model.

To assess the cost-effectiveness of the 2
GA estimation methods, we developed a
decision and analytical model in Excel,
which took the form of a decision tree
(Figure 1). This was used to project the
outcomes and cost-effectiveness of
implementing a GA estimation algo-
rithm for preterm and SGA classifica-
tions. The program mirrored that of our
noninterventional validation study in
Matlab, Bangladesh.'* Specifically, heel
prick or cord blood sample collection,
newborn screening analysis, and meta-
bolic and GA dating were included.
Under the intervention, the true



FIGURE 1
Simplified decision tree
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classification of preterm and SGA is
based on ultrasound. Effectiveness and
cost data were collected during the study
(October 2016—July 2018) but were re-
ported as annual outcomes to facilitate
interpretability and potential scale-up of
the program. Costs in Canadian dollars
(CADs) were converted to US dollars
(USD) using the respective annual con-
version rates (1 CAD=0.75483 USD in
201651 CAD=0.77006 USD in 2017; and
1 CAD=0.77178 USD in 2018)."°

Effectiveness data

Outcome data collected for our valida-
tion study in Matlab, Bangladesh, were
used to determine the effectiveness for
this study. The results of the study have
been published elsewhere,'* but in brief,

our study demonstrated that, in a cohort
of 1069 newborns, our GA estimation
model could accurately estimate GA to
within 2 weeks of ultrasound-validated
GA 94% of the time. In the current
study, the outcomes of analysis were the
number of screened infants who were
correctly identified as preterm and the
number correctly identified as SGA by
each GA estimation method based on
INTERGROWTH-21st  fetal growth
standards. For an infant to be correctly
identified as preterm, the screening
method must accurately classify them as
preterm within 1 week of a 37-week
dichotomous preterm or term classifi-
cation (ie, to no more than 38 weeks
predicted GA). For correct SGA classifi-
cation, the SGA classification based on

the algorithm estimates must concur
with the classification based on the
ultrasound-assessed GA.  Currently
available international classification
standards apply only to infants over 32
weeks of gestation.'”

For the initial analyses, we identified
the number of preterm and SGA births
correctly classified by the metabolic al-
gorithm compared with the basic algo-
rithm for the entire population of
neonates. For the secondary analysis, we
identified outcomes with respect to the
classification of preterm birth for
different ranges of BWs.

Cost data
A governmental perspective  was
employed; thus, only costs attributed to
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the health system were included. The
costs are reflective of the costs incurred
for the setup and ongoing implementa-
tion of the validation study. Patient and
research costs were excluded. The costs
can be classified into 3 broad categories
of one-time setup costs, annual site-
specific ongoing costs, and costs per in-
fant screened. The one-time setup costs
are those associated with establishing the
program at a new site, which will only be
incurred when a new site is added to the
program. The site-specific ongoing costs
are the costs associated with running the
program at a single site for 1 year with
the assumption that the site is compa-
rable with the validation study site. Both
the setup costs and site-specific ongoing
costs are consistent across all analyses
with the assumption that the analyses are
based on a single site and are indepen-
dent of volume. The costs per infant
screened are the variable costs of the
program that increase directly in pro-
portion to the number of infants
screened. As the number of infants tested
increases, the total cost increases,
although the average cost per infant
screened decreases.

Analysis
Analysis was presented as both a deter-
ministic analysis and a probabilistic
analysis; the latter involved a combined
nonparametric bootstrapping technique
and Monte Carlo simulation. Uncer-
tainty in costs was incorporated through
a gamma distribution with standard er-
rors estimated at 10% of the mean value,
and clinical parameters were captured
through the bootstrap procedure using
the clinical data. Overall, 5000 replica-
tions were drawn, which was sufficient to
obtain stable estimates of costs and ef-
fects. Results are presented as mean
values with uncertainty represented by
95% confidence intervals (Cls) gener-
ated by bias-corrected bootstrapping.
For the initial analyses, cost-
effectiveness was assessed as the differ-
ence in costs between the metabolic
algorithm and the basic algorithm
divided by the increased number of births
correctly classified with respect to first
preterm and then SGA. For the secondary
analysis, we conducted a sequential
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analysis to identify the optimal range for
screening with respect to preterm classi-
fication. The reporting of the sequential
analysis focused on different ranges with a
lower limit of testing set at 2500 g and an
upper limit ranging from 2600 to 5000
g—all other ranges were subject to
dominance (both costlier and no more
effective than other ranges).

Results

After adjusting the results of the valida-
tion study to a 1-year period, 1323 in-
fants were tested, and 1015 of the
resulting samples (325 by heel prick and
690 by cord blood) were suitable for
analysis (ie, adequate blood quantity and
sample quality) and included in this
analysis. According to ultrasound deter-
mination, 92 infants (9.1%) with satis-
factory samples were preterm (GA<37
weeks), and 249 infants (24.6%) were
SGA.

Based on the combined effectiveness
of the heel and cord blood samples, the
metabolic algorithm would correctly
identify 69.6% (n=64.0 per annum
[95% CI, 52.0—76.7], 6.3% of infants) of
the 92 preterm infants as preterm within
a 1-week precision. In contrast, the basic
algorithm correctly identified 60.1%
(n=55.3 per annum [95% CI,
44.7—68.0], 5.4% of all infants) of the
preterm infants. With respect to accurate
classification of SGA infants, the meta-
bolic algorithm correctly classified
71.9% (n=179.3; 95% ClI, 159.3—200.0)
of true SGA infants compared with the
basic algorithm, which correctly classi-
fied 13.6% (n=34.0; 95% CI,
24.7—43.3).

Costs of screening by gestational
age algorithm study

Table 1 summarizes the costs of adopting
the metabolic algorithm-screening
method. Annual cost was estimated to
be $120,496, which includes one-time
setup costs, annual site-specific ongoing
costs, and costs per infant screened.
Setup costs were $9396 incurred at the
site for administration and training of
personnel and $11,069 incurred in
Canada for setting up the processes for
receiving and testing the samples, pro-
vision of results, and personnel training.

In addition, 63% of ongoing annual cost
was incurred at the site and included
salaries for individuals overseeing and
administering the program. The
remaining 37% was incurred in Canada
($13,552) and included laboratory sal-
aries, managerial oversight, and ship-
ping. The total ongoing annual costs of
the program were estimated at $100,031.

Cost-effectiveness: initial analysis
Implementation of screening using the
metabolic algorithm would lead to an
additional 8.7 preterm infants (95% CI,
1.33—14.67) correctly identified annually
compared with the basic algorithm
(Table 2). The incremental annual cost of
the metabolic algorithm was $100,031
(95% CI, $86,354—$115,725; $120,496
[95% CI, $106,322—$136,656] including
setup costs). Thus, the incremental cost
per preterm infant correctly identified was
$11,542 ($13,903 with setup).

With respect to the correct classifica-
tion as SGA, the metabolic algorithm led
to an additional 145.3 infants (95% CI,
128.0—164.7)  correctly  classified
compared with the basic algorithm. The
incremental costs were the same as the
preterm analysis, resulting in an incre-
mental cost per SGA infant correctly
classified of $688 ($829 with setup).

A cost-effectiveness  acceptability
curve was derived to depict the proba-
bility that the metabolic algorithm was
cost-effective at different threshold
values of the willingness to pay (WTP)
for a correctly classified preterm infant
and for a correctly classified SGA infant
(Figure 2). For example, there is a 56%
probability that the metabolic algorithm
is cost-effective at a WTP of $15,000 and
a 100% probability at any WTP for a
correctly classified SGA infant value
greater than $1100.

Cost-effectiveness: secondary
analysis

The use of the metabolic algorithm in
the BW cohort below 2500 g and above
3500 g cannot be considered cost-
effective as infants under 2500 g are
more accurately classified as preterm
using the basic algorithm and no infant
over 3600 g was preterm (Figure 3).
Table 3 provides data on the number of



TABLE 1

Variable

Cost of adopting the metabolic GA estimation algorithm

Costs in USD (95% CI)

One-time setup costs
Ongoing costs
Costs per sample

Total annual cost excluding setup
(based on all patients screened
using the algorithm)

Total annual cost including setup
(based on all patients screened
using the algorithm)

Cl, confidence interval; USD, United States dollar.

Coyle et al. Cost analysis of a gestational age algorithm. AJOG MFM 2021.

$20,465.00 ($16,324.00—%$25,046.00)
$36,259.00 ($29,662.00—%44,052.00)
$48.19 ($39.13—$58.87)

$100,031.00 ($86,354.00—$115,725.00)

$120,496.00 ($106,322.00—%136,656.00)

additional preterm infants correctly
identified as preterm based on BW
ranges from 2500 to 2600 g as an initial
range to 2500 to 4000 g as the broadest
range.

For the cohort ranging from 2500 to
2600 g, the incremental cost per preterm
infant correctly classified by the meta-
bolic algorithm vs the basic algorithm is
$10,478 ($15,594 including setup)

(Table 4). However, the incremental cost
for the cohort from 2500 to 2900 g is
$5,625 ($7544 including setup), sug-
gesting that restricting use to 2500 to
2600 g is subject to extended dominance
and not optimal. The incremental cost of
expanding the range from 2500 to 2900 g
to 2500 to 3300 g is estimated at $16,550
per additional preterm infant correctly
classified. All alternative  ranges,
including testing all infants, are subject
to dominance or extended dominance.

Comment

This study determines the cost-
effectiveness of implementing a meta-
bolic GA  estimation  algorithm
compared with standard practice in
many LMICs of using only sex, BW, and
multiple birth status to determine GA
postnatally. The incremental benefits of
using the metabolic algorithm vs the
basic algorithm, based on effectiveness

TABLE 2

Variable

Results of gestational age estimation methods for all infants

Basic algorithm (no screening)

Metabolic algorithm

Number of infants tested per y
Number of suitable samples pery
Total annual cost excluding setup
Total annual cost including setup
Preterm infants

SGA infants

Number of SGA infants correctly identified

Costs in US dollars.

SGA, small for gestational age.

Percentage of preterm infants correctly identified (to within 1-wk precision)
Number of preterm infants correctly identified (to within 1-wk precision)

Number of SGA infants as determined by ultrasound
Percentage of SGA infants correctly identified

Number of preterm infants as determined by ultrasound 92

60.1
55.3

Additional preterm infants identified through the metabolic algorithm —
Incremental cost per preterm infant identified (excluding setup) —
Incremental cost per preterm infant identified (including setup) —

249.3
13.6
34.0

Additional SGA infants identified through the metabolic algorithm —
Incremental cost per SGA infant identified (excluding setup) —
Incremental cost per SGA identified (including setup) —

Coyle et al. Cost analysis of a gestational age algorithm. AJOG MFM 2021.

1323
1015
$100,031
$120,496

92

69.6

64.0

8.7
$11,542
$13,903

249.3
71.9
179.3
145.3
$688
$829
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FIGURE 2
Probability metabolic algorithm
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FIGURE 3
Incremental benefit
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data from our validation study in Mat- infants and 8.7 preterm infants per 1323
lab, Bangladesh, included the correct infants screened annually (an additional
classification of an additional 145.3 SGA  109.8 SGA and 6.6 preterm infants

correctly classified per 1000 live births).
Itis important to note that our metabolic
algorithm was designed to identify exact
GA rather than a dichotomous cutoff of
preterm and term. Improved detection
of preterm births could occur by
tailoring the metabolic algorithm for this
purpose, but it would be at the cost of the
precision of the GA estimate. This would
also limit the ability to identify SGA in-
fants across a spectrum of GAs. In this
scenario, when all infants are tested, the
incremental cost per preterm infant
identified by the metabolic algorithm vs
the basic algorithm is $13,903 ($11,542
excluding setup). Clinical variables alone
are likely sufficient to estimate preterm
rates at very low and high BWs, as
misclassification rates in these groups
would be low. Thus, a parsimonious
approach where GA estimation using
more complex techniques can be limited
to a specific BW range is worth consid-
ering if the sole purpose is to establish
preterm birth rates. Through further

TABLE 3
Data relating to effectiveness and cost-effectiveness of applying metabolic GA estimation algorithm to different BW
cohorts
Preterm births Number of preterm Incremental cost  Incremental cost
based on Preterm births  births identified by per preterm infant per preterm infant
ultrasound identified by metabolic GA Total cost Total cost identified vs basic identified vs basic
Infants (37-wk basic algorithm algorithm excluding including algorithm algorithm
BW range tested cutoff), n (<38 wk), n (<38 wk), n setup setup (excluding setup) (including setup)
2500—2600g 117 14.0 5.3 9.3 $41,911 $62,376 $10,478 $15,594
2500—2700g 219 16.0 5.3 10.0 $46,810  $67,276 $10,031 $14,416
2500—2800g 364 293 5.3 14.7 $53,803  $74,268  $5765 $7957
2500—2900g 493 333 5.3 16.0 $60,000  $80,465  $5625 $7544
2500—3000g 689 37.3 5.3 16.0 $69,464  $89,929  $6512 $8431
2500—-3100g 777 37.3 5.3 16.0 $73,693  $94,158  $6909 $8827
2500—3200g 871 387 5.3 17.3 $78,215  $98,680  $6901 $8707
2500—3300g 951  40.0 5.3 17.3 $82,067 $102,532  $6839 $8544
2500—3400g 984 40.0 5.3 17.3 $83,658 $104,124  $6972 $8677
2500—3500g 1039 407 5.3 17.3 $86,338 $106,803  $7195 $8900
2500—3600g 1060 42.0 5.3 17.3 $87,343  $107,808  $7279 $8984
2500—3700g 1072 42.0 5.3 17.3 $87,929 $108,395  $7327 $9033
2500—3800g 1078 42.0 5.3 17.3 $88,223  $108,688  $7352 $9057
2500—3900g 1083 42.0 5.3 17.3 $88,432 $108,897  $7369 $9075
2500—4000g 1096 42.0 5.3 17.3 $89,060 $109,525  $7422 $9127
BW, birthweight; GA, gestational age.
Coyle et al. Cost analysis of a gestational age algorithm. AJOG MFM 2021.
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TABLE 4

Sequential cost utility analysis for different ranges of applying the metabolic GA estimation algorithm

Costs of
applying the Incremental cost
metabolic GA Preterm infant per preterm infant
Strategies by GA estimation correctly correctly identified Sequential ICER ($/preterm
algorithm use algorithm identified vs basic algorithm infant correctly identified)
Nondominated strategies
No GA algorithm use — 47.3 — —
2500—2900 g BW $60,000 58.0 $5625 $5625
2500—3300 g BW $82,067 59.3 $6839 $16,550
Dominated therapies
2500—2600 g BW $41,911 51.3 $10,478 Subject to extended dominance through
no GA algorithm use and 2500—2900 g BW
2500—2700 g BW $46,810 52.0 $10,031 Subject to extended dominance (as above)
2500—2800 g BW $58,803 56.6 $5765 Subject to extended dominance (as above)
2500—3000 g BW $69,464 58.0 $6512 Dominated by 2500—2900 g BW
2500—3100 g BW $73,693 58.0 $6909 Dominated by 2500—2900 g BW
2500—3200 g BW $78,215 58.6 $6901 Subject to extended dominance through
2500—2900 g BW and 2500—3300 g BW
2500—3400 g BW $83,658 59.3 $6972 Dominated by 2500—3300 g BW
2500—3500 g BW $86,338 59.3 $7195 Dominated by 2500—3300 g BW
2500—3600 g BW $87,343 59.3 $7279 Dominated by 2500—3300 g BW
2500—3700 g BW $87,929 59.3 $7327 Dominated by 2500—3300 g BW
2500—3800 g BW $88,223 59.3 $7352 Dominated by 2500—3300 g BW
2500—3900 g BW $88,432 59.3 $7369 Dominated by 2500—3300 g BW
2500—4000 g BW $89,060 59.3 $7422 Dominated by 2500—3300 g BW
All infants $100,031 59.3 $8336 Dominated by all restricted use strategies

BW, birthweight; GA, gestational age; /CER, incremental cost-effectiveness ratio.
Coyle et al. Cost analysis of a gestational age algorithm. AJOG MFM 2021.

analysis, it was found that only testing
neonates within the range of 2500 to
3600 g would make the implementation
more cost-effective than testing all in-
fants as infants born weighing <2500 g
can be accurately identified as preterm
based on the basic algorithm, and there
was no preterm infant born weighing
above 3600 g. With the data available
through our validation study in Matlab,
Bangladesh, optimal cost-effectiveness
of using our metabolic algorithm ap-
pears to be within the BW range of 2500
to 2900 g with an incremental cost per
preterm infant identified of $5625
($7544 including setup).

With respect to the detection of pre-
term infants, there is the potential for the
cost-effectiveness of the metabolic
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algorithm to be improved if the specifi-
cation could be refined to identify more
preterm infants between 2500 and 3600
g. It should also be noted that, given the
nature of the metabolic algorithm and
the data it was trained on, there is the
potential that 3 times as many additional
preterm infants could be identified if all
the samples were heel prick samples
(assuming effectiveness can be applied)
as opposed to 68% of samples being
from cord blood. Alternatively, the
metabolic algorithm can be further
refined, or separate algorithms for each
sample type could be developed to
optimize  effectiveness and  cost-
effectiveness. In addition, if the cost per
infant tested could be reduced, possibly
by incorporating on-site testing, the

cost-effectiveness  would also  be
improved. It should be noted that the
algorithm’s performance may vary
among different populations; as more
data become available and a plausible
performance range can be established,
sensitivity analyses should be done.

The results are also limited to the
study environment in Matlab. Although
we expect many of the costs and prop-
erties of the diagnostic test to be similar
in other LMICs, further evaluations in
other LMICs and concurrent economic
evaluations are warranted. Bangladesh
has high rates of both preterm birth and
SGA.'® The SGA rates exceed 30%, so the
cost-effectiveness we calculated is driven
in part by this high rate. It is also
important to note that this study did not



take into account the additional benefit
of identifying infants with specific con-
ditions, such as congenital hypothy-
roidism through the NBS process that is
the basis of the GA estimation. In our
Matlab cohort, infants with specific
conditions were identified, and treat-
ment was initiated."*

The current study did not follow
newborns beyond birth. To better un-
derstand the cost of identifying preterm
or SGA infants, following a cohort of
patients for health service utilization
may further inform the economic value
of early identification of preterm and
SGA infants and allow for the determi-
nation of cost per QALY or DALY. Future
research should attempt to elucidate
these benefits and costs. Evaluating the
cost and benefits of implementing ul-
trasound in LMICs would also be bene-
ficial. Ultrasound is considered the gold
standard for estimating GA, but its
availability is limited in LMICs. Thus,
the economic analysis of ultrasound has
predominantly focused on high-
resource settings. Although the avail-
ability of ultrasound in low-resource
settings has increased over time,'? other
obstacles have been raised in imple-
menting ultrasound, including misuse,
overuse, and neglect of conventional
methods of care and the ability to
maintain equipment and supplies.”’
Many variables need to be considered
before ultrasound is adopted in a low-
resource setting. Further research
should consider the best approaches in
supporting newborn care in low-
resource settings from both a cost
perspective and a healthcare perspective.

It is difficult to determine what would
be an acceptable cost for identifying
preterm or SGA status. Currently, in-
terventions for infants in LMICs are
based on BW, in part, because of an
inability to accurately assess GA.”"”
With improved identification of pre-
term infants and exact GA, the potential
to explore interventions to benefit these
infants will be expanded. There are
therapeutic benefits to identifying an
infant as preterm or SGA (or both) that
include expectant management of dis-
orders, such as hypoglycemia or hyper-
bilirubinemia where failure to initiate

therapy can quickly result in even poorer
neurodevelopmental outcomes and even
death. Preterm infants can be monitored
more closely for high-risk outcomes,
such as retinopathy of prematurity,
intraventricular hemorrhage, or patent
ductus arteriosus, all of which are more
likely to occur at lower GAs. SGA can
also have infectious etiologies that could
be noticeable, thereby preventing trans-
mission to other neonates.

Our results suggest that a metabolic
approach is efficient in identifying SGA
infants. The increased efficiency in
identifying SGA infants over preterm
infants is because BW is relatively effec-
tive at identifying preterm birth but not
at determining SGA. BW alone may
suggest that an infant is preterm when
they may actually be term and small.
This is evident in our study as the basic
algorithm, which relies heavily on BW,
only predicts SGA at a rate of 13.6%. Ata
population level, if a program screened
1000 infants per annum, the cost per
infant would be $104.93 including the
setup of the program and $84.46 on an
ongoing basis omitting setup costs. We
expect that this ongoing cost of approx-
imately $85,000 per year would provide
reliable population level estimates of
preterm birth and SGA for a jurisdiction.

Conclusion

This study evaluates the cost-effectivness
of a GA algorithm in LMICs. In addition
to our algorithm,'* 2 other groups in
North America'™'" have developed
metabolic dating algorithms based on
health administrative datasets. Further
investigations into the feasibility and
cost-effectiveness of metabolic GA as-
sessments will inform governments and
global health-funding initiatives into the
usefulness of these initiatives in LMICs.
Ultimately, decision makers and funders
will have to consider the cost of the
various interventions compared with
their potential benefits when deciding
how to allocate scarce resources.

References

1. Katz J, Lee AC, Kozuki N, et al. Mortality risk in
preterm and small-for-gestational-age infants in
low-income and middle-income countries: a
pooled country analysis. Lancet 2013;382:
417-25.

2. de Onis M, Branca F. Childhood stunting: a
global  perspective. Matern  Child  Nutr
2016;12(Suppl1):12-26.

3. Blencowe H, Cousens S, Chou D, et al. Born
too soon: the global epidemiology of 15 million
preterm births. Reprod Health 2013;10(Suppl1):
S2.

4. Nour NM. Premature delivery and the millen-
nium development goal. Rev Obstet Gynecol
2012;5:100-5.

5. Clements KM, Barfield WD, Ayadi MF,
Wilber N. Preterm birth-associated cost of early
intervention services: an analysis by gestational
age. Pediatrics 2007;119:e866-74.

6. Howson CP, Kinney MV, McDougall L, et al.
Born too soon: preterm birth matters. Reprod
Health 2013;10(Suppl1):S1.

7. World Health Organization, March of Dimes.
The Partnership for Maternal, Newborn & Child
Health, Save the Children. Born too soon: the
global action report on preterm birth. Geneva,
Switzerland; 2012.

8. McHugh D, Cameron CA, Abdenur JE, et al.
Clinical validation of cutoff target ranges in
newborn screening of metabolic disorders by
tandem mass spectrometry: a worldwide
collaborative project. Genet Med 2011;13:
230-54.

9. Jelliffe-Pawlowski LL, Baer RJ,
Blumenfeld YJ, et al. Maternal characteristics
and mid-pregnancy serum biomarkers as risk
factors for subtypes of preterm birth. BJOG
2015;122:1484-93.

10. Jelliffe-Pawlowski LL, Norton ME, Baer RJ,
Santos N, Rutherford GW. Gestational dating by
metabolic profie at birth: a California cohort
study. Am J Obstet Gynecol 2016;214:511.
e1-13.

11. Ryckman KK, Berberich SL, Dagle JM.
Predicting gestational age using neonatal
metabolic markers. Am J Obstet Gynecol
2016;214:515.e1-13.

12. Wilson K, Hawken S, Potter BK, et al. Ac-
curate prediction of gestational age using
newborn screening analyte data. Am J Obstet
Gynecol 2016;214:513.e1-9.

13. Wilson LA, Murphy MS, Ducharme R, et al.
Postnatal gestational age estimation via
newborn screening analysis: application and
potential. Expert Rev Proteomics 2019;16:
727-31.

14. Murphy MS, Hawken S, Cheng W, et al.
External validation of postnatal gestational
age estimation using newborn metabolic
profiles in MATLAB, Bangladesh. Elife 2019;8:
e42627.

15. Tukey JW. Exploratory data analysis.
Amsterdam, London: Addison-Wesley Publish-
ing Company; 1977.

16. Bank of Canada. Annual exchange rates.
2018. Available at: https://www.bankofcanada.
ca/rates/exchange/annual-average-exchange-
rates/. Accessed April 9, 2020.

17. Villar J, Cheikh Ismail L, Victora CG, et al.
International standards for newborn weight,
length, and head circumference by gestational
age and sex: the Newborn Cross-Sectional

JANUARY 2021 AJOG MFM 9


http://refhub.elsevier.com/S2589-9333(20)30272-X/sref1
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref1
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref1
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref1
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref1
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref2
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref2
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref2
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref3
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref3
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref3
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref3
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref4
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref4
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref4
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref5
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref5
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref5
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref5
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref6
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref6
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref6
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref0
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref0
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref0
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref0
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref0
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref8
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref8
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref8
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref8
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref8
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref8
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref9
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref9
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref9
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref9
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref9
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref10
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref10
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref10
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref10
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref10
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref11
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref11
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref11
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref11
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref12
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref12
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref12
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref12
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref13
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref13
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref13
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref13
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref13
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref14
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref14
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref14
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref14
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref14
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref15
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref15
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref15
https://www.bankofcanada.ca/rates/exchange/annual-average-exchange-rates/
https://www.bankofcanada.ca/rates/exchange/annual-average-exchange-rates/
https://www.bankofcanada.ca/rates/exchange/annual-average-exchange-rates/
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref17
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref17
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref17
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref17

Original Research

Study of the INTERGROWTH-21st Project.
Lancet 2014,;384:857-68.

18.Lee AC, Kozuki N, Cousens S, et al.
Estimates of burden and consequences
of infants born small for gestational age
in low and middle income countries
with  INTERGROWTH-21st standard: anal-
ysis of CHERG datasets. BMJ 2017;358:
j3677.

19. Stewart KA, Navarro SM, Kambala S, et al.
Trends in ultrasound use in low and middle in-
come countries: a systematic review. Int J MCH
AIDS 2020;9:103-20.

20. Kim ET, Singh K, Moran A, et al. Obstetric
ultrasound use in low and middle income
countries: a narrative review. Reprod Health
2018;15:129.

10 AJOG MFM JANUARY 2021

21. Cattaneo A, Amani A, Charpak N, et al.
Report on an international workshop on kangaroo
mother care: lessons learned and a vision for the
future. BMC Pregnancy Childbirth 2018;18:170.
22.Blanc AK, Wardlaw T. Monitoring low
birth  weight: an evaluation of international
estimates and an updated estimation pro-
cedure. Bull World Health Organ 2005;83:
178-85.

Author and article information

From the Department of Health Sciences, Institute of
Environment, Health and Societies, Brunel University
London, Kingston Lane, Uxbridge, Middlesex, United
Kingdom (Mrs K. Coyle and Dr D. Coyle); Dalla School of
Public Health, University of Toronto, Toronto, Ontario

Canada (Mss Quan); Department of Medicine, University
of Ottawa, Ottowa, Ontario, Canada (Dr K. Wilson); Clin-
ical Epidemiology Program, Ottawa Hospital Research
Institute, Ottawa, Ontario, Canada (Mss Quan and L.A.
Wilson and Drs Hawken, Bota, and K. Wilson); Faculty of
Medicine, School of Epidemiology and Public Health,
University of Ottawa, Ottawa, Ontario, Canada (Dr D.
Coyle); Department of Pediatrics, University of lowa, lowa
City, IA (Dr Murray); and Bruyére Research Institute,
(Ottawa, Ontario, Canada (Dr K. Wilson).

Received April 10, 2020; revised Oct. 22, 2020;
accepted Nov. 16, 2020.

The authors report no conflict of interest.

This work was funded by grant number OPP1184574
from the Bill & Melinda Gates Foundation.

Corresponding  author:  Kumanan  Wilson, MD.
kwilson@ohri.ca


http://refhub.elsevier.com/S2589-9333(20)30272-X/sref17
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref17
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref18
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref18
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref18
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref18
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref18
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref18
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref18
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref19
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref19
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref19
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref19
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref20
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref20
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref20
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref20
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref21
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref21
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref21
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref21
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref22
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref22
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref22
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref22
http://refhub.elsevier.com/S2589-9333(20)30272-X/sref22
mailto:kwilson@ohri.ca

	Cost-effectiveness of a gestational age metabolic algorithm for preterm and small-for-gestational-age classification
	Introduction
	Materials and Methods
	Decision problem
	Overview
	Overview of implementation study and algorithm
	Validation of the metabolic algorithm

	Effectiveness data
	Cost data
	Analysis

	Results
	Costs of screening by gestational age algorithm study
	Cost-effectiveness: initial analysis
	Cost-effectiveness: secondary analysis

	Comment
	Conclusion

	References


