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Abstract

Background Recognizing premature newborns and small-for-gestational-age (SGA) is essential for providing care
and supporting public policies. This systematic review aims to identify the influence of the last menstrual period (LMP)
compared to ultrasonography (USG) before 24 weeks of gestation references on prematurity and SGA proportions at
birth.

Methods Systematic review with meta-analysis followed the recommendations of the PRISMA Statement. PubMed,
BVS, LILACS, Scopus-Elsevier, Embase-Elsevier, and Web-of-Science were searched (10-30-2022). The research ques-
tion was: (P) newborns, (E) USG for estimating GA, (C) LMP for estimating GA, and (O) prematurity and SGA rates for
both methods. Independent reviewers screened the articles and extracted the absolute number of preterm and SGA
infants, reference standards, design, countries, and bias. Prematurity was birth before 37 weeks of gestation, and SGA
was the birth weight below the p10 on the growth curve. The quality of the studies was assessed using the New-
Castle-Ottawa Scale. The difference between proportions estimated the size effect in a meta-analysis of prevalence.

Results Among the 642 articles, 20 were included for data extraction and synthesis. The prematurity proportions
ranged from 1.8 to 33.6% by USG and varied from 3.4 to 16.5% by the LMP. The pooled risk difference of prematurity
proportions revealed an overestimation of the preterm birth of 2% in favor of LMP, with low certainty: 0.02 (95%Cl:
0.01 to 0.03); 1> 97%). Subgroup analysis of USG biometry (eight articles) showed homogeneity for a null risk difference
between prematurity proportions when crown-rump length was the reference: 0.00 (95%Cl: -0.001 to 0.000; I%: 0%); for
biparietal diameter, risk difference was 0.00 (95%Cl: -0.001 to 0.000; I: 41%). Only one report showed the SGA propor-
tions of 32% by the USG and 38% by the LMP.

Conclusions L MP-based GA, compared to a USG reference, has little or no effect on prematurity proportions consid-

ering the high heterogeneity among studies. Few data (one study) remained unclear the influence of such references
on SGA proportions. Results reinforced the importance of qualified GA to mitigate the impact on perinatal statistics.
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Background

A qualified gestational age (GA) is essential to support
healthcare decisions and to guarantee reliable perina-
tal health indicators for planning public policies [1]. The
difference between the date of birth and the last men-
strual period (LMP) is a useful method for GA calcula-
tion. However, the evaluation of GA by ultrasonography
(USQG) in early pregnancy with the crow-rump length
(CRL) assessment is currently the most accurate method
for dating pregnancy [2]. Clinical dating by LMP is fairly
easy information to obtain GA in a birth scenario, how-
ever not always accurate being subject to memory bias,
irregular menstrual cycles, and breastfeeding, among
others [3]. Even easy to access, birth weight, as a single
data, is not enough to discriminate preterm from term
or to identify SGA newborns, although it is a risk marker
for newborns [4]. The birth weight, gender, and GA allow
the identification of the small for GA (SGA) newborn,
according to weight below the 10th percentile for the
standard expected in the growth curve [5].

Prematurity and nutritional classification at birth
depend on the GA, which is essential to evaluate neonatal
risks since they are associated with the chance of adverse
neonatal outcomes [6]. Prematurity is the leading cause
of death in children under five years old and is responsi-
ble for one million neonatal deaths annually [7, 8]. Recog-
nizing the premature newborn, SGA, or both conditions
at birth is important for the care provided at birth, as it
helps timely interventions, indicating actions for greater
effectiveness in care [9, 10]. In addition, the absence of
a reliable gestational chronology negatively impacts the
correct use of fetal and neonatal growth curves and leads
to inaccuracy in epidemiological information associated
with birth conditions [11, 12]. Affecting perinatal statis-
tics, the scarcity of healthcare funding is still one deter-
minant of the low access to prenatal USG in low-income
countries (LMIC). This contributes to poor prenatal care
coverage and makes estimating GA reliability even more
difficult [1, 13]. The evaluation of GA by USG in early
pregnancy with the crow-rump length (CRL) assessment
is currently the most accurate method for redating preg-
nancy, but it requires high-cost equipment, early prenatal
care, and a specialized health professional [2].

It is still unknown how much LMP and USG dat-
ing affect the rates of prematurity and SGA rates, based
on studies with a high level of scientific evidence. Each
method of gestational calculation can interfere differ-
ently with these rates. Previous publications point to the

possibility that the LMP overestimates the rate of prema-
ture and post-term births, whereas the more advanced
obstetric USG performed in GA could underestimate
such dating [14, 15]. In this context of uncertainties, this
systematic review aims to identify the influence between
LMP compared with USG before 24 weeks of gestational
references on prematurity and SGA rates at birth.

Methods

The research protocol followed the recommendations of
the PRISMA Statement [16] and was registered in the
International Prospective Registry of Systematic Reviews
under PROSPERO number: CRD42020184646. This sys-
tematic review included all publications available in bib-
liographic bases: PubMed (MEDLINE), Scopus-Elsevier,
Embase-Elsevier, BVS/LILACS, and Web of Science, until
the date of October 2022. The research question consid-
ered “PECO” structuring: (P) newborns, (E) ultrasound
for estimating GA, (C) LMP for estimating GA and (O)
prematurity and SGA rates for both methods. The com-
plete search strategy, adopting specific descriptors linked
to Boolean operators, was "("gestational age" OR "preg-
nancy dating") AND ("last menstrual period" OR "men-
strual date") AND (ultrasound OR ultrasonography OR
"diagnostic imaging" OR ultrasonic) AND ((premature
OR Preterm OR "immaturity at birth" OR prematurity)
OR (small for gestational age" OR SGA OR "low birth
weight” OR “intrauterine growth restriction” OR “small
birth size”))". The search strategy was applied for descrip-
tors present in the title, abstract, and keywords.

Study eligibility criteria
The inclusion criteria were: [1] to have the GA at birth
calculated by LMP and obstetric USG up to 24 weeks of
gestation; [2] to have information about the data source
for calculating the GA; [3] to have specific information
about the standard fetal growth curve used to diagnose
SGA. Primary studies, cohorts, epidemiological analy-
ses, and database studies were also considered. There
were no restrictions on language and date of publication.
The exclusion criteria were: [1] GA at birth estimated by
combining the two methods, [2] study with subgroups
of newborns presenting specific diseases or conditions,
such as carriers of congenital anomalies or growth anom-
alies, [3] population or sample composed only of prema-
ture or only SGA.

The preterm birth proportions was defined as births
before 37 weeks of gestation divided by the total number
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of births. SGA was birth weight below the 10th percentile
for gestational age and gender based on the growth chart.

Study appraisal and synthesis methods

We used the State of the Art software through System-
atic Review (StArt) [17] to import articles and to support
identifying duplicates, exclusions, and inclusions. Inde-
pendent reviewers screened the title and abstract and
performed the full reading with extracted the absolute
number of preterm infants and SGA, reference standards,
design, and countries. This research had two pairs of
independent reviewers for each step, and a third reviewer
was the judge in case of disagreements. According to the
registered protocol, the absolute and relative values of the
number of preterm infants and SGA were extracted, in
addition to the characteristics of the primary studies,.

Evaluation of the quality of studies

Two independent reviewers assessed the methodologi-
cal quality of the studies using the Newcastle—Ottawa
Scale (NOS) [18] adjusted for the context of this review,
detailed in Additional file 1. In cohort studies, 10 stars
were possible, four for sample selection, two for compa-
rability between the two GA estimation techniques, and
four for outcomes. For cross-sectional studies, nine stars
were possible, in which the outcomes part was scored
with a maximum of three stars, valuing the appropriate
and clearly described statistical treatment. So, lower-
quality articles obtained fewer stars.

Statistical analysis

The difference between two proportions using the risk
difference [19] compared preterms when using LMP-
based GA and prenatal USG-based GA. When the infor-
mation was found, the same approach was used for the
newborn SGA proportions. The null difference between
prematurity proportions was adjusted in the center on
the forest-plot graphs, with 95% confidence intervals
(95%CI), considering two decimal places, according to
Revman default. In this way, a result of 0.00 does not
necessarily means zero difference, but the third decimal
place onwards might have been hidden. Values below
zero corresponded to a greater number of newborns
being classified as preterm in favor of USG-based GA,
while values above zero indicated greater proportions
of preterm birth classification in favor of LMP-based
GA. The random-effects model was adopted to mitigate
high heterogeneity. The heterogeneity among studies was
calculated using Chi® and I for inconsistencies among
proportions.

Page 3 of 14

Subgroup and meta-regression analysis

Subgroups were analyzed by study design: cohort or
cross-sectional, income countries’ economies: LMIC
or high-income countries (HIC), and antenatal USG
measurements: crown rump length (CRL) or biparietal
diameter (BPD) biometrics. The Review Manager soft-
ware (RevMan 5.4.1) was used for the meta-analysis.

Results

The selection procedure of articles is shown in Fig. 1.
In total, 642 articles were found, 215 PubMed, 207 Sco-
pus, 183 Web of science, 27 BVS/Lilacs, and 10 Embase.
Finally, 20 articles met the criteria for data extrac-
tion and synthesis according to the selection process
depicted. Only one [15] among the 20 articles evaluated
the SGA proportions estimate considering the 2 meth-
ods (LMP and USG).

We detailed the general characterization of the arti-
cles in Table 1. Among the 20 articles included in the
meta-analysis, five presented a cross-sectional study
design, and 15 were cohort studies. The year of publica-
tion ranged from 1995 to 2022, and the sample ranged
from 171 to 165,908 newborns. Regarding the income
countries of study location, ten were carried out in
LMIC, such as Bangladesh, Colombia, Guatemala,
Brazil, India, and Zambia, and ten in HIC, such as the
USA, England, Denmark, and the Netherlands. Regard-
ing the target population, eleven were carried out with
mothers from the general population, two in rural
areas, and seven were associated with other screening
programs conducted widely in the studied population,
such as the study of the Alpha-Fetoprotein Screening
Program (XAPF) [20]. One report comparing preg-
nancy outcomes between women living with HIV and
HIV-negative had data extraction only from the control
group [21].

Table 2 provides information on the data sources for
estimating GA at birth. The moment of the pregnancy
when assessment with the obstetric USG occurred
and the source of this data. It covered the information
source of the LMP, the proportions of prematurity,
and SGA newborns by the two methods of estimate
analyzed. Fourteen articles reported the USG report
in the medical record, and the USG was performed
by the researchers in six. Information about LMP was
collected through maternal interviews in ten arti-
cles, and ten were searched in medical records. The
prematurity proportion by USG ranged from 3.4 to
16.5% and from 1.8 to 33.6% by LMP. Only one study
reported comparisons between the SGA proportions,
which was 32% (95%CI: 25—39) by USG and 38% LMP
(95%CI: 31—46) [15].
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Fig. 1 Study selection process. SGA: Small for gestational age, LMP: Date of last menstrual period, USG: Ultrasonography

Quality analysis of included articles

Table 3 shows the evaluation of the quality of the arti-
cles and, according to the NOS Scale. Regarding the
cohort studies, three of them reached 9/10 stars [21,
24, 27]. The other studies are cross-sectional, with a
maximum score of 7/9 stars in only two articles [32,
37]. The quality of the results refers to the independ-
ent or blind assessment of the prematurity proportions
by the two references, the clarity in obtaining the date
of birth, and the connection to the data of the begin-
ning of pregnancy. In addition, it relates to the number
of follow-up losses in the cohort and cross-sectional
studies. The bias in the comparability between the pro-
portions obtained by USG in relation to that obtained
by LMP was based on the control of the reliability of
the LMP. For this, we considered the resources used to
certify this information, such as regular cycles, absence
of abortion, and close birth influences on the female
cycles, and statistical analysis. In database studies,
efforts to qualify information on LMP and USG were
better scored. Six studies presented a high risk of bias
[25, 28, 30, 31, 33, 35].

Among the 15 cohort studies, the ones with the highest
quality scores were those that stood out for their excep-
tional control in the prospective collection of LMP data,
with control of preconception cycles [21, 24] and those
that used prospective records or a large representation of
the population of pregnant women [22, 27]. Among the
five cross-sectional studies, the criterion with the highest
risk of bias was the Outcome-item, either due to exces-
sive data loss or a specific statistical approach to compare
the prematurity proportions obtained by the two bench-
marks. Part of the studies mainly focused on the analysis
by grouping birth weight [20, 29] or prematurity sub-
groups [23, 25, 32].

Risk difference between two proportions

Twenty-two proportions of prematurity were extracted
from the 20 articles by each method, Fig. 2. The differ-
ence between preterm birth proportions was combined,
resulting in 0.02 (95%CI: 0.01 to 0.03) in favor of LMP.
It means that LMP-based GA overestimated the pre-
term birth proportions by 2%. However, the I* value
was 97%, p<0.001, indicating high heterogeneity among



Vitral et al. BMC Pregnancy and Childbirth

(2023) 23:106

Table 1 General characterization of the articles eligible for the systematic review

Page 5 of 14

Author Year Studydesign N Study location Period Target population
AMANHI Study group [22] 2022 Cohort 9,974 South-Asia and sub-Saharan Jul 2012 - Sept 2016 AMANHI participants group
Africa

Dietz, P. M, et al. [20] 2007 Cross-sectional 165,908 California, USA 2002 XAPF study participants

Gardosi, J.; Francis, A. [23] 2000 Transversal 21,069  Birmingham, England 1988—1995 General population

Gernand, A. D, et al. [24] 2016 Cohort 353 Bangladesh Fev 2009—Mar 2010  Rural area

Gonzalez, L. G, et al. [25] 2015 Cross-sectional 344 Manizales, Colombia Sept 2012 General population

Henriksen, T. B., et al. [26] 1995 Cohort 3,606 Denmark 1989—1991 General population

Hoffman, C. S, et al. [27] 2008 Cohort 1,867 North Carolina and Texas, USA  2000—2004 RFTS Study Participants

Malaba, T.R, et al. [21] 2021 Cohort 2,507 Cape Town, South Africa Apr2015-0ct 2016  General Population

Medeiros, M. N. L,, et al. [28] 2015 Cohort 2,847  Ribeirdo Preto and Sao Luis, Mar 2010—Out 2011  General Population

Brazil

Mongelli, M.; Gardosi, J. [29] 1997 Cross-sectional 34,249  Nottingham, England - General Population

Naslund Thagaard, I, et al. [30] 2016 Cohort 8,551 Copenhagen, Denmark 2006—2012 General Population

Neufeld, L. M., et al. [31] 2006 Cohort 171 Rural Guatemala Aug 1996—Jun 1999  Rural Guatemala

Nguyen, T.H,, et al. [32] 1999 Cohort 17,450  Copenhagen, Denmark Jan 1986—Dec 1996  General Population

Pereira, AP, et al. [33] 2013 Cohort 1,483 Rio de Janeiro, Brazil Dez 2007—Nov 2008  General Population

Price, J.T, etal. [14] 2019 Cohort 692 Lusaka, Zambia Aug 2015—Aug 2017  ZAPPS Study Participants

Reuss, M. L, et al. [34] 1995 Cohort 367 Pennsylvania and New York, Jan 1987—Jun 1989  General Population

USA

Savitz, D. A, et al. [35] 2002 Cohort 3,655 North Carolina, USA Out 1995—Mai 2001  PIN Study Participants

van Oppenraaij, R. H. F, et al. 2015 Cross-sectional 24,665  Rotterdam, Netherlands Jan 2000—Dec 2009  General Population

(36]

Vijayram, R. et al. [37] 2021 Cohort 1,721 India Mai 2015 -Nov 2017 GARBH-Ini study par-
ticipants (rural and semi
urban)

Weinstein, J. R, etal. [15] 2018 Cohort 188 Guatemala Mar 2013—Fev 2015  SPHB study participants

N number of participants in the study, XAPF Alpha-Fetoprotein Screening Program, RFTS Right from the Start, ZAPPS Zambia Prematurity Prevention Study, PIN
Pregnancy Infection and Nutrition, SPHB Safe Pregnancy Healthy Baby, GARBH-Ini Interdisciplinary Group for Advanced Research on BirtH outcomes—India Initiative

the studies. In five studies, confidence intervals did not
cross the null effect. These findings were robust since a
sensitivity analysis removing the duplicity of proportions
of prematurity [30, 37] showed a risk difference of 0.02
(95%CI: 0.01 to 0.03), I* 98%, p <0.001, Additional file 2.

Comparisons between SGA proportions were meas-
ured in one study. There was a non-significant effect of
LMP or USG methods on the SGA proportion at birth,
Fig. 3 since the risk difference was 0.06 (95%CI: -0.04 to
0.16), crossing the null value.

In the subgroup analysis by study design Fig. 4, the
pooled risk difference was 0.02 (95%CI: 0.01 to 0.03), I?
97%, p<0.001, with LMP-based GA overestimation pre-
term birth by 2%. Across the 15 cohorts, however, risk
difference showed no effect between LMP or USG refer-
ences on the preterm birth proportions, with substantial
heterogeneity: 0.03 (95%CI: 0.00 to 0.05). Likewise, in the
cross-sectional study subgroup, I 94%. These findings
indicated that the study design may have unaffected the
risk difference of prematurity since the total group and
subgroups had high values of heterogeneity.

In the subgroup analysis by the country income of
study Fig. 5, the risk difference of prematurity was 0.02
(95%CI: 0.01 to 0.03), I> 97%, p <0.001 in the studies con-
ducted in LMIC. The findings indicated considerable het-
erogeneity among the studies, as well as in the subgroup
of studies conducted in HIC in which I* 87%, p <0.001.
The risk difference was not significant, 0.04 (95%CI: -0.00
to 0.09), I> 97%, despite the higher prevalence of prema-
turity by LMP in countries of LMIC.

The USG captured CRL in five studies and BPD in four
studies. In the subgroup analysis by antenatal USG meas-
ure Fig. 6, the risk difference for prematurity proportions
was null calculated by CRL and null calculated by BPD
when USG was used. Besides, we highlighted a fall in the
heterogeneity among the studies for both methods of
measure, considering I> 0% (p=0.50) in the CRL meas-
ure and I 41% (p=0.17) in the BDP measure. It revealed
the importance of segment of body measure by USG to
explain the high heterogeneity among studies partially.

Thus, considering 20 reports, there was a low (2% in
favor of LMP), however, with a high uncertainty risk



Page 6 of 14

(2023) 23:106

Vitral et al. BMC Pregnancy and Childbirth

pi0dal [1]e1s

- - - %88 %t LL %C0C piodal [edIpaly [e21paly SPeMOr> "L '3dld

plodai ISINERE

- - - %SV %CEL Al MOIAISIUL [RUIRIRIN (21PN SY9OM O 01/ 'd 'V "BlIRIed

10Dl [zele1e"H

- - - %S 0- %S %0Y piod21 [eDIpa [e21pa S[EBM T 017l L'USANON

wexa [Le]e 1 "W

- - - %EC- %Y %31 M3IAIIU [BUIDIB  JayDIRasaYy SIPIM $Z 01 S| 1'PIINEN

[o€]

@r1

pI0d3J ‘pieebey |

- - - %50~ %9 %LV - [e2IP3N J91sawilin sy ddd punjseN

[0€]

() e12 "

pI0d3J wwyg  ‘pieebeyl

- - - %t7°0- %S %LlY plod3l [eIIPIN [eJIpaN pue G usamiaq 14D punjseN

6l

pJiodal ‘Isopien) "\l

- - - %t 0- %99 %9 plodal [edIpsiy [B2IPaN SHOOM 7 > ‘IIebuon

[8Zlle 19

pIod3J “T'NW

- - - %C L %58 %L6 MIIAISIU] [BUIRIR [e21paIN SPaMOz>  'SONIIPaN

wexa [1Z]e3s

- - - %961 %01 %9°€E MIIAJSIUL [BUIDIBN  JaYDIeaSaYy SIIM HZ > YL 'Bqele

wexa VA4IERERN

- - - %Ll %68 %01 MIIAJIUL [BUIDIBIN  JaYDIeasay Sj99M /| 01 D 'URWIHOH

piodai [ole1e"g

- - - %90 %v'€ %01 plodal B3PIy [eJIPaN Sf99M 07> | 'USSHUUSH

pI0d3J [STlew D

- - - %60 %EY %S pi0d31 [EJIP3IN [e2Ipa skep 160195 1] ‘Z3|ezuon

wiexa el 1e1s-@

. - - %17 %/'8 %301 MIIAIDIU [BUIDIBLY  JaYDIeasay SYPIM G| > Y ‘PUBUIID

d

pI0d3J 'spueld pue

- - - %L 0- %/ %<9 pi0331 [e2IpaN [e21palN S[9OM |7 01yl [ IsopieD)

pI0d3J MELERE

- - - %80 %6'L %/'8 plodal [eIIpaN [edIpsN SPIM 07> W d'ZRd

wexs [cd

- - - %811 %9086 %9091 MOIAISIUL [BUISIBIN  JSYDIBSaYy SeeM 6| 018 IHNVIAY

eep 5sn

duIRYIa oSN d1 dUIRYIa oSN d1 ejep diN1 Jo @24nos 032IN0S  JUBWISSISSE DS JO dWI]L loyny

3 3 P ¥ E ¥ Yy

sajel yos

sajes Ayanjewald

MoINaI uEmC\_me\Am 241 JO SN puUe dIAT SPoylaWli Palpnis oyl JO Uuoliezlisloeley) g ajqelL



Page 7 of 14

(2023) 23:106

Vitral et al. BMC Pregnancy and Childbirth

S3113UN0D 4O 3beIdAY |

e[nwuoy buiwal4

-uosuiqoy SN (q) weikefip “§d0|peH SN () welkefiA 183sawiil 1sIy Y3 Ul JUSWINseaw ddg (q) pun|seN ‘auswainseaw Ty () punjseN ‘Aydesbouoses|n Dsn ‘obe [euoneisab 1oy [[ews s ‘pouad [eniisusw ise g7

piodal [Sl]e1e ™y

%9 %CE %8¢ %8'L %091 %8LL MIINIIUI [eUIDIB [BSIPIN SPM > T 'UILISUIIM

(€]

uexa Buiwsly (@) e Y

- - - %S¢ %S 9L %011 - J9ydiessay -UosuIqoy Y2aMm O > ‘wieskefin

[£€]

wexs (®)1e19Y

- - - %5°0- %Sl %01 MIIAISIUI [BUISIBIN  J9YyDIeasay Y20|peH S399M O > ‘welAefip

[o€l1e 19

pJod3l skepg  “4°H 'y lieel

- - - %0 %E'g %E'8 pJ0d3l [BIIP3N |EDIPIN  SHPOM | | 01 Kep O sHeam g -uadd( uea

pI0d3 [s€le 19

- - - %10 %LCl %L pio33i [BSIPSN [E21PaN Spam gl > "y 'J 'ZUNeS

pI0d3 IZ3NRE

- - - %S¢ %101 %9, MIIAISIUL [EUISIBIN [BIIPIN SfEIMBL> TN 'SSnoy
elep Hsn

EIEIETT gl osn dIN ERIEIETT gl osn dINI elep dINTJO 92INOS  JO 9DINOS  JUDWISSISSE DS JO dwi] Joyiny

sajel YOS sajes Ajunjewsaid

(panunuod) g ajqey



Vitral et al. BMC Pregnancy and Childbirth (2023) 23:106 Page 8 of 14
Table 3 Quality evaluation of the studies selected in the systematic review by the Newcastle-Ottawa Scale

Study Type Selection Comparability Outcome Total
AMANHI [22] Prospective cohort * %k k * % %k 7/10
Gernand, A. D.; et al. [24] Prospective cohort . 8.8 .8 4 * 8.8 .8 ¢ 9/10
Henriksen, T. B. et al. [26] Prospective cohort * %k * * * 6/10
Hoffman, C. S, et al. [27] Prospective cohort . 8.8 8 4 * ok 8.8 ¢ 9/10
Malaba, T. R, et al. [21] Prospective cohort 2. 8.8.8 ¢ * %k k 9/10
Medeiros, M. N. L, et al. [28] Prospective cohort * * - * %k 4/10
Naslund T, et al. [30] Prospective cohort * * * k 4/10
Neufeld, L. M. et al. [31] Prospective cohort .88 .8 - - 4/10
Pereira, AP, et al. [33] Prospective cohort 8.8 ¢ - * 4/10
Price, J.T, et al. [14] Prospective cohort .88 .8 * * 6/10
Reuss, M. L, et al. [34] Prospective cohort * %k k * b8 8 ¢ 7/10
Savitz, D. A, et al. [35] Prospective cohort * ok k - - 4/10
Van Oppenraaij, R. H. F, et al. [36] Retrospective cohort * * * * * 5/10
Weinstein, J. R, et al. [15] Prospective cohort 8.8 ¢ * * ok 6/10
Vijayram, R. et al. [37] Prospective cohort * %k k * * %k 7/10
Dietz, P. M., et al. [20] Cross-sectional b8 8 ¢ * * 5/9
Gardosi, J. & Francis, A. [23] Cross-sectional * kK * * 6/9
Gonzalez, L. G, et al. [25] Cross-sectional * - * 2/9
Mongelli, M. & Gardosi, J. [29] Cross-sectional Yk K * * 6/9
Nguyen, T.H, et al. [32] Cross-sectional %k k ** * * 7/9

UsG LMP Risk Difference (Non-event) Risk Difference (Non-event)

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
AMANHI Study group 982 9975 2115 9866 5.5% 0.12 [0.11, 0.13] -
Dietz, P. M. 13162 165908 14429 165908 5.7% 0.01[0.01, 0.01] .
Gardosi, J. 1485 21069 1326 21069 5.7% -0.01 [-0.01, -0.00] -
Gernand, A. D. 29 353 36 353 3.0% 0.02 [-0.02, 0.06] -1
Gonzalez, L. G. 15 344 18 335 3.8% 0.01 [-0.02, 0.04] T
Henriksen, T. B. 126 3606 143 3606 5.5% 0.00 [-0.00, 0.01] ~
Hoffman, C. S. 166 1867 187 1867 4.9% 0.01 [-0.01, 0.03] T
Malaba, T. R. 171 1210 625 1857 4.1% 0.20[0.17, 0.22] —_—
Medeiros, M. N. 236 2751 241 2483 5.1% 0.01 [-0.00, 0.03] —
Mongelli, M. 2259 34175 2124 34175 5.7% -0.00 [-0.01, -0.00] -
Naslund, I. T. (a) 391 8551 175 4032 5.6% -0.00 [-0.01, 0.01] -
Naslund, I. T. (b) 396 8419 175 4032 5.6% -0.00 [-0.01, 0.00] I
Neufeld, I. M. 7 171 3 171 3.5% -0.02 [-0.06, 0.01] -/
Nguyen, T. H. 785 17450 698 17450 5.7% -0.00 [-0.01, -0.00] b
Pereira, A.P. 150 1137 191 1082 4.0% 0.04 [0.01, 0.07] I
Price, ). T. 79 692 140 692 3.4% 0.09 [0.05, 0.13] n—
Reuss, M. L. 37 367 28 367 3.1% -0.02 [-0.07, 0.02] T
Savitz, D. A. 443 3655 449 3655 5.2% 0.00 [-0.01, 0.02] T
van Oppenraaij 356 4271 356 4271 5.4% 0.00 [-0.01, 0.01] -
Vijayram, R. (a) 250 1721 120 860 4.1% -0.01[-0.03, 0.02] T
Vijayram, R. (b) 284 1721 120 860 4.1% -0.03 [-0.05, 0.00] -
Weinstein, J. R. 30 188 33 185 1.5% 0.02 [-0.06, 0.09] —
Total (95% CI) 289601 279176 100.0% 0.02 [0.01, 0.03] <
Total events 21839 23732

2 g 2 . 2 12 0, Il Il 1 1
Heterogeneity: Tau® = 0.00; Chi* = 787.17, df = 21 (P < 0.00001); I’ = 97% 02 01 ) o1 ob
Test for overall effect: Z = 3.25 (P = 0.001) USG LMP

Fig. 2 Forest plot of premature proportions by Last menstrual period and USG before 24 weeks. LMP: Last menstrual period; USG: Ultrasonography

difference in prematurity proportions between methods

Discussion

of reference. However, the CRL assessment in early preg-
nancy as a reference for GA resulted in similar prematu-
rity proportions compared to the LMP reference.

This review compared the proportions of prematurity
and SGA between LMP and USG before 24 weeks as a
reference for estimating GA. The occurrence of preterm
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USG LMP Risk Difference (Non-event) Risk Difference (Non-event)
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% ClI
Weinstein, J. R. 56 176 67 176 100.0% 0.06 [-0.04, 0.16] —
Total (95% Cl) 176 176 100.0% 0.06 [-0.04, 0.16] i
Total events 56 67
Heterogeneity: Not applicable - t - t t t
Test for overall effect: Z = 1.23 (P = 0.22) 0.2 0.1 LMPOUSG 0.1 02

Fig. 3 Forest plot of small-for-gestational-age proportions by last menstrual period and ultrasonography before 24 weeks. LMP: Last menstrual

period; USG: Ultrasonography

USG LMP Risk Difference (Non-event) Risk Difference (Non-event)
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% ClI
2.2.1 Cohort
AMANHI Study group 982 9975 2115 9866 5.5% 0.12[0.11, 0.13] -
Gernand, A. D. 29 353 36 353 3.0% 0.02 [-0.02, 0.06] 1T
Henriksen, T. B. 126 3606 143 3606 5.5% 0.00 [-0.00, 0.01] I~
Hoffman, C. S. 166 1867 187 1867 4.9% 0.01 [-0.01, 0.03] T
Malaba, T. R. 171 1210 625 1857 4.1% 0.20[0.17, 0.22] —_—
Medeiros, M. N. 236 2751 241 2483 5.1% 0.01 [-0.00, 0.03] —
Naslund, I. T. (a) 391 8551 175 4032 5.6% -0.00 [-0.01, 0.01] -
Naslund, I. T. (b) 396 8419 175 4032 5.6% -0.00 [-0.01, 0.00] n
Neufeld, I. M. 7 171 3 171 3.5% -0.02 [-0.06, 0.01] —
Pereira, A.P. 150 1137 191 1082 4.0% 0.04 [0.01, 0.07] —_—
Price, J. T. 79 692 140 692 3.4% 0.09 [0.05, 0.13] —
Reuss, M. L. 28 367 37 367 3.1% 0.02 [-0.02, 0.07] -
Savitz, D. A. 443 3655 449 3655 5.2% 0.00 [-0.01, 0.02] -
van Oppenraaij 356 4271 356 4271 5.4% 0.00 [-0.01, 0.01] -
Vijayram, R. (a) 250 1721 120 860 4.1% -0.01 [-0.03, 0.02] —
Vijayram, R. (b) 284 1721 120 860 4.1% -0.03 [-0.05, 0.00] —
Weinstein, J. R. 30 188 33 185 1.5% 0.02 [-0.06, 0.09] —
Subtotal (95% CI) 50655 40239 73.5% 0.03 [0.00, 0.05] L 2
Total events 4124 5146
Heterogeneity: Tau® = 0.00; Chi* = 723.63, df = 16 (P < 0.00001); I = 98%
Test for overall effect: Z = 2.16 (P = 0.03)
2.2.2 Cross sectional
Dietz, P. M. 13162 165908 14429 165908 5.7% 0.01 [0.01, 0.01] .
Gardosi, J. 1485 21069 1326 21069 5.7% -0.01 [-0.01, -0.00] -
Gonzalez, L. G. 15 344 18 335 3.8% 0.01 [-0.02, 0.04] T
Mongelli, M. 2259 34175 2124 34175 5.7% -0.00 [-0.01, -0.00] b
Nguyen, T. H. 785 17450 698 17450 5.7% -0.00 [-0.01, -0.00] b
Subtotal (95% CI) 238946 238937 26.5% -0.00 [-0.01, 0.01] ¢
Total events 17706 18595
Heterogeneity: Tau? = 0.00; Chi’ = 71.34, df = 4 (P < 0.00001); I> = 94%
Test for overall effect: Z = 0.35 (P = 0.72)
Total (95% CI) 289601 279176 100.0% 0.02 [0.01, 0.03] ¢
Total events 21830 23741
Heterogeneity: Tau? = 0.00; Chi’ = 786.17, df = 21 (P < 0.00001); I> = 97% —0: 3 _0! I 3 0:1 0:2
Test for overall effect: Z = 3.53 (P = 0.0004) ’ ’ USG LMP ’ !

Test for subgroup differences: Chi? = 4.70, df = 1 (P = 0.03), I = 78.7%

Fig. 4 Forest plot of subgroup by study design: Cohort or cross-sectional. LMP: Last menstrual period; USG: Ultrasonography. Naslund (a): CRL
measurement; Naslund (b): BPD measurement in the first trimester. Vijayram (a): US Hadlock; Vijayram (b): US Robinson-Fleming formula

among infants varied significantly in the reports, with
prematurity proportions ranging from 1.8% to 20.2% by
LMP [14, 31]. It means different complexities of health
assistance from varied countries and diverse ultrasonog-
raphy approaches. In an attempt to reduce such differ-
ences, the meta-analysis considered the random effects
model, sensitivity, and subgroup analysis. Five stud-
ies showed a significant risk difference for prematurity
in favor of the GA calculated by the LMP [14, 20-22,

33], and no studies by the USG-based GA. In the all set
of studies, a significant risk difference of 2% (1% to 3%
95%CI) was found between methods in favor of higher
prematurity proportions when using LMP. Our interpre-
tation regarding this outcome relies on the tendency for
underestimation of GA based on LMP in preterm new-
borns and the overestimation in the term and post-term
compared to GA based on USG. The overlapped GA dis-
tribution comparisons between LMP and USG references
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Risk Difference (Non-event)

M-H, Random, 95% ClI M-H, Random, 95% CI

2.1.1 HIC

Dietz, P. M. 13162 165908 14429 165908 5.7% 0.01[0.01, 0.01] .
Gardosi, J. 1485 21069 1326 21069 5.7% -0.01 [-0.01, -0.00] M
Henriksen, T. B. 126 3606 143 3606 5.5% 0.00 [-0.00, 0.01] ™
Hoffman, C. S. 166 1867 187 1867 4.9% 0.01 [-0.01, 0.03] ™
Mongelli, M. 2259 34175 2124 34175 5.7% -0.00 [-0.01, -0.00] b
Naslund, I. T. (@) 391 8551 175 4032 5.6% -0.00 [-0.01, 0.01] -+
Naslund, I. T. (b) 396 8419 175 4032 5.6% -0.00 [-0.01, 0.00] -
Nguyen, T. H. 785 17450 698 17450 5.7% -0.00 [-0.01, -0.00] b
Reuss, M. L. 28 367 37 367 3.1% 0.02 [-0.02, 0.07] T
Savitz, D. A. 443 3655 449 3655 5.2% 0.00 [-0.01, 0.02] -
van Oppenraaij 356 4271 356 4271 5.4% 0.00 [-0.01, 0.01] T
Subtotal (95% CI) 269338 260432 58.0% -0.00 [-0.01, 0.00] [
Total events 19597 20099

Heterogeneity: Tau? = 0.00; Chi? = 77.89, df = 10 (P < 0.00001); I> = 87%
Test for overall effect: Z = 0.07 (P = 0.95)

2.1.2 LMIC

AMANHI Study group 982 9975 2115 9866 5.5% 0.12 [0.11, 0.13] -
Gernand, A. D. 29 353 36 353 3.0% 0.02 [-0.02, 0.06] 1T

Conzalez, L. G. 15 344 18 335 3.8% 0.01 [-0.02, 0.04] T

Malaba, T. R. 171 1210 625 1857 4.1% 0.20[0.17,0.22] —_—
Medeiros, M. N. 236 2751 241 2483 5.1% 0.01 [-0.00, 0.03] ™

Neufeld, I. M. 7 171 3 171 3.5% -0.02 [-0.06, 0.01] ———

Pereira, A.P. 150 1137 191 1082 4.0% 0.04 [0.01, 0.07] —_—

Price, J. T. 79 692 140 692 3.4% 0.09 [0.05, 0.13] —_—
Vijayram, R. (@) 250 1721 120 860 4.1% -0.01 [-0.03, 0.02] —

Vijayram, R. (b) 284 1721 120 860 4.1% -0.03 [-0.05, 0.00] -

Weinstein, J. R. 30 188 33 185 1.5% 0.02 [-0.06, 0.09] e B —

Subtotal (95% CI) 20263 18744 42.0% 0.04 [-0.00, 0.09] |

Total events 2233 3642

Heterogeneity: Tau? = 0.01; Chi? = 337.11, df = 10 (P < 0.00001); I> = 97%

Test for overall effect: Z = 1.84 (P = 0.07)

Total (95% CI) 289601 279176 100.0% 0.02 [0.01, 0.03] ¢

Total events 21830 23741

Heterogeneity: Tau? = 0.00; Chi® = 786.17, df = 21 (P < 0.00001); I> = 97% _0? 2 _0? 1 ) 051 052
Test for overall effect: Z = 3.53 (P = 0.0004) ’ ’ USG LMP : ’

Test for subgroup differences: Chi* = 3.39, df = 1 (P = 0.07), I> = 70.5%

Fig. 5 Forest plot of subgroup by country of study location: Low-middle Income countries or high-income countries. LMP: Last menstrual
period; USG: Ultrasonography; HIC: high-income country; LMIC: Low-middle income countries. Naslund (a): CRL measurement; Naslund (b): BPD
measurement in the first trimester. Vijayram (a): US Hadlock; Vijayram (b): US Robinson-Fleming formula

to support this possibility were represented in previous
reports [22, 38]. We speculate such differences unbalance
the proportions in the direction of higher prematurity.
Even with high heterogeneity and moderate risk of bias,
we raised concern about the overestimation of preterm
rates in birth scenarios where GA is mainly calculated
based on LMP. Regarding the comparison of SGA pro-
portions, the lack of studies kept unclear the influence of
such references for GA calculation on the indicator.

Investigation of subgroup analyses

Income

The subgroup analysis supported that the difference
between proportions of prematurity is practically null in
the scenario of HIC since the pooled result had no evi-
dence of prematurity in favor of any side. Early access
to prenatal care and higher quality of assistance may be
associated with this finding [39]. Studies in LMIC coun-
tries had risk differences between methods in favor of
higher prematurity proportions when using LMP-based

GA. However, it presented a 95% CI reaching the null
value. Among the ten studies in this group, four showed
evidence of significant risk differences in favor of LMP
[14, 21, 22, 33], and two studies found differences in favor
of US@G, but not significant [31, 37]. Most of the studies
in this subgroup presented high proportions of prematu-
rity as compared to those in the HIC group. One possible
interpretation is that the qualification of clinical informa-
tion about menstrual cycles was more valuable in studies
of LMIC, while the early access to prenatal care, includ-
ing USG, may be limited [6].

Study design

Regarding the study’s design, the group of articles with
a cohort approach had a similar and high I? value com-
pared to the cross-sectional group of articles (98% vs.
94%, respectively). Thus, the study design did not explain
the high heterogeneity among the studies. With cohort
design, 15 articles gathering 50,655 newborns, a differ-
ence between prematurity proportions was in favor of
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UsG LMP Risk Difference (Non-event) Risk Difference (Non-event)
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% ClI
1.2.1 CRL
Gernand, A. D. 29 353 36 353 2.0% 0.02 [-0.02, 0.06] B
Gonzalez, L. G. 15 344 18 335 3.4% 0.01 [-0.02, 0.04] I
Naslund, I. T. (@) 391 8551 175 4032 60.2% -0.00 [-0.01, 0.01] |
van Oppenraaij 356 4271 356 4271 25.9% 0.00 [-0.01, 0.01] -
Vijayram, R. (a) 250 1721 120 860 4.4% -0.01 [-0.03, 0.02] T
Vijayram, R. (b) 284 1721 120 860 4.2% -0.03 [-0.05, 0.00] —
Subtotal (95% CI) 16961 10711 100.0% -0.00 [-0.01, 0.00] [
Total events 1325 825
Heterogeneity: Tau? = 0.00; Chi®> = 4.35, df = 5 (P = 0.50); I’ = 0%
Test for overall effect: Z = 0.65 (P = 0.51)
1.2.2 BPD
Henriksen, T. B. 126 3606 143 3606 24.0% 0.00 [-0.00, 0.01] -
Naslund, I. T. (b) 396 8419 175 4032 27.7% -0.00 [-0.01, 0.00] -
Neufeld, I. M. 7 171 3 171 2.2% -0.02 [-0.06, 0.01] —
Nguyen, T. H. 785 17450 698 17450 46.1% -0.00 [-0.01, -0.00] ]
Subtotal (95% CI) 29646 25259 100.0% -0.00 [-0.01, 0.00] ¢
Total events 1314 1019
Heterogeneity: Tau? = 0.00; Chi® = 5.06, df = 3 (P = 0.17); I’ = 41%
Test for overall effect: Z = 0.98 (P = 0.33)
-0.2 -0.1 0 0.1 0.2
USG LMP

Test for subgroup differences: Chi? = 0.03, df = 1 (P = 0.86), I’ = 0%

Fig. 6 Forest plot of subgroup by antenatal USG measure: Crown-rump length or biparietal diameter. LMP: Last menstrual period; USG:
Ultrasonography; CRL: Crown-rump length; BPD: Biparietal diameter. Naslund (a): CRL measurement; Naslund (b): BPD measurement in the first
trimester. Vijayram (a): US Hadlock; Vijayram (b): US Robinson-Fleming formula

LMP when compared to USG, with high uncertainty.
Otherwise, in the cross-sectional study subgroup, five
articles with 238,946 newborns, there was no evidence of
a difference in favor of any side. Prospective cohorts of
pregnant women occurred in scenarios with a high pre-
maturity proportion in LMICs [14, 21, 22, 33], all articles
in favor of LMP-based GA overestimating prematurity
proportions. Also, attention is drawn to a large number of
cases that Dietz et al. (2007) studied in a cross-sectional
analysis of 165,908 women participating in the XAPF
screening program in California, USA [20], also with a
risk difference in favor of LMP-based. The other studies
showed a 95% CI for the risk difference crossing the null
effect, i.e., without evidence of impact on the proportions
of prematurity.

Antenatal USG measure

Stratified analysis of USG biometry revealed high homo-
geneity among six-paired risk differences of five studies
when CRL was the reference for GA estimate at birth
[24, 25, 30, 36, 37]. Even though such pooled risk differ-
ence leaned to the USG-based GA side, there was no sig-
nificant evidence that prematurity proportions based on
CRL would differ from LMP reference. The CRL assess-
ment in early pregnancy resulted in similar prematu-
rity proportions compared to the LMP reference. The
clinical application of this outcome is aligned with prior
reports when the CRL is considered the most accurate
method for GA redating [2]. Similarly, the risk difference

of prematurity when DPB is available < 24 weeks was the
reference for GA leaned to the USG side, however, with
high uncertainty. Further comparative studies are still
needed to confirm this trend. This last finding corrobo-
rates the USG before 24 weeks gestation as an acceptable
standard the World Health Organization recommended
to improve prenatal care [40]. For a proper interpreta-
tion, the inclusion criterion for USG <24 weeks may have
influenced the high heterogeneity among the set of stud-
ies since the fall of heterogeneity was clear using USG
biometry subgroup analysis. CRL measurement is the
best parameter for calculating the GA [2]. However, we
consider that using first-trimester USG with CRL meas-
urement would have limited the inclusion of many stud-
ies, especially those carried out in LMIC.

Quality of the studies

The main bias domain in the systematic review was the
procedure to access the reference used in the GA calcula-
tion. It is worth mentioning that collecting information
about the menstrual cycle varied among the studies. This
information was obtained prospectively in rural Bangla-
desh [24], Guatemala [31], and others [14, 21] through
the woman’s self-report or from a medical record and
database, most of them without mention of procedures
for data qualification. Accordingly, the discrepancy in
the proportion of prematurity found in the same coun-
try is noteworthy: in the study by Weinstein et al., 17.8%
and Neufeld et al.,1.8% based on the LMP [15, 31]. Even
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though these studies analyze different birth scenarios, the
figures are still far from Guatemala’s prematurity rate,
estimated at 10% [41]. The quality of the prematurity
rate is directly linked to the accuracy of the GA estimate.
Incompleteness, lost, and underreported data are more
frequent limitations in LMICs [40]. Several factors are
recognized for affecting the quality of data in this indica-
tor, such as the collection protocols used by health pro-
fessionals, early access to prenatal care and USG, and the
value of this information for women, caregivers, and gov-
ernments, among others [42].

Strength and limitations of the review

The main contribution was to provide unprecedented
comparison proportions of prematurity and SGA by two
references recommended for calculating GA. However,
the results found present limitations regarding the vari-
ability of research designs, different USG biometrics, and
contexts of birth scenarios among the reports, which
would possibly explain the heterogeneity observed in the
set of all articles, at least in part. The considerable het-
erogeneity in the meta-analysis was a limiting factor in
interpreting the results for clinical practice. Future con-
trolled studies should mitigate methodological weakness
in blinding the GA between methods. Another point to
highlight was the duplication of prematurity propor-
tions by different USG approaches, Hadlock vs. Robin-
son-Fleming; and CRL vs. DBP. However, the sensitivity
analysis remained similar to the total 22 prematurity pro-
portions, considering just one per study.

Despite the limitations, this review is helpful as a basis
for studies involving estimates of GA and its relation-
ship to the prematurity and SGA proportions. Trans-
parent criteria in the study group selection, appropriate
statistical treatment, and a clearly described and detailed
methodology are essential for a study to confirm the dif-
ferences among the rates of prematurity by the two ref-
erence methods. Another point was the lack of studies
comparing the SGA proportions obtained by different
reference calculations for GA.

The correct determination of GA can affect the results
of pregnancy [43], improve decision-making in child-
birth and neonatal care [44], optimizing health costs
[45]. Investigating the influence of different references
for prematurity and SGA rates is relevant for any delivery
scenarios and public policies and research [13, 46, 47]. A
valid prematurity rate is unknown in many places due to
the lack of qualified data, especially in LMIC [47]. This
systematic review reinforced the importance of early pre-
natal care with qualified LMP and USG access to adjust
the due date of birth. The lack of studies kept unclear the
influence of LMP and USG references on SGA propor-
tions. Insights for future primary research are to compare
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the rates paying attention to the fetal biometric measures
for pregnancy dating and considering the diversity of
high-cost healthcare technologies access.

Conclusions

Meta-analysis showed that LMP compared to the USG
before 24 weeks of gestational references for GA calcula-
tion, has little or no effect on prematurity proportions at
birth, considering the high heterogeneity among studies.
The CRL by USG assessment in early pregnancy resulted
in similar prematurity proportions compared to the LMP
reference. The lack of studies kept unclear the influence
of such references on SGA proportions. Results corrob-
orated the importance of qualified GA to mitigate the
impact on perinatal statistics.
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CRL Crown-rump length
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LMP Date of last menstrual period
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SGA Small for gestational age

UsG Ultrasonography
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