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Summary
Background We aimed to examine the national and subnational prevalence of vulnerable newborn phenotypes in
Peru, 2012–2021.

Methods Newborn phenotypes were defined using gestational age (preterm [PT], term [T]), birthweight for gestational
age using INTERGROWTH-21st standards (small for gestational age [SGA], appropriate for gestational age [AGA] or
large for gestational age [LGA]), and birthweight (low birthweight [LBW], non-LBW) using the Peruvian National Birth
Registry as six (by excluding birthweight) and ten newborn phenotypes (using all three outcomes). Small phenotypes
(with at least one classification of PT, SGA, or LBW) were further considered. Using individual-level data, we stratified
the phenotypes by maternal educational level, maternal age, healthcare insurance, altitude of residence, and
geographic region (Coast, Andes, and Amazon).

Findings The prevalence of the five vulnerable newborn phenotypes for the study period was LGA+T (15.2%),
AGA+PT (5.2%), SGA+T (4.6%), LGA+PT (0.8%), and SGA+PT (0.7%). The Coast had a higher prevalence of
newborns with large phenotypes (19.4%) and the Highlands a higher prevalence of newborns with small phenotypes
(12.5%). Mothers with poor socioeconomic status, extreme ages and living at high altitude had a higher prevalence of
newborns with small phenotypes, and mothers who were wealthier, more educated, and older had a higher preva-
lence of infants with large phenotypes.

Interpretation Our findings cautiously suggest that socioeconomic and geographic disparities may play a crucial role
in shaping vulnerable newborn phenotypes at national and subnational level in Peru. Further studies using longi-
tudinal data are needed to corroborate our findings and to identify individual-level risk factors.
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Research in context

Evidence before this study
A search in PubMed was conducted on July 27th, 2023 using
the following search terms: “newborn phenotypes” AND
“developing countries”, with no restrictions of language or
date. Out of 89 results, only one study evaluated birthweight
from different country cohorts before 1998, accounting for
geographical variation. This study had the objective to
elucidate the effects of maternal and parental size on
newborn phenotypes, where the main outcome was
birthweight as well as other anthropometric measurements,
without a classification into vulnerable phenotypes at birth.
Furthermore, this study did not contain other national
socioeconomic or contextual information. In addition to this,
a recent series of studies implemented the use of six novel
phenotypes of newborn globally: four small (SGA+PT,
AGA+PT, LGA+PT, SGA+T), one large (LGA+T) and one
reference category (AGA+T). The study examined the
prevalence of vulnerable newborns from 23 countries and the
time trends from 2000 to 2021. While the global prevalence
remained steady, certain countries had increased trends of
small phenotypes and the use of these new phenotypes, may
provide precise monitoring information for countries.1

Added value of this study
From our best knowledge, this is the first study describing the
vulnerable newborn phenotypes across Peru between 2012

and 2021. The analysed data from the national birth register
allowed the identification of vulnerable newborn phenotypes
at national, natural regions and regional levels, while
exploring socioeconomic and geographical disparities. The
vulnerable newborn phenotypes used in this study
incorporated gestational age to previous standards, in an
effort to advancing on more detailed phenotypes with
differing risk. While the national prevalence of the identified
newborn phenotypes did not change largely over time,
differences in trends were observed for small and large
phenotypes by natural region and regional levels. Importantly,
the Highland (natural region) showed a higher prevalence on
the small phenotypes than the Coastal and Amazonian
regions. We also identified large socioeconomic disparities in
the prevalence of vulnerable phenotypes.

Implications of all the available evidence
Our study showed a steady national vulnerable phenotypes
prevalence, but significant differences between natural
regions and between regions were observed. Further studies
are needed to understand the potential factors driving these
differences. The disparities in the vulnerable phenotypes
prevalence at the subnational level need to be considered for
surveillance and health interventions, which should consider
designing locally-oriented policies.
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Introduction
Worldwide, every year there are 23.3 million small-for-
gestational-age (SGA) newborns, 15 million preterm
(PT) newborns (i.e., before 37 weeks of gestation), and
20 million low birthweight (LBW) newborns (i.e., less
than 2500 g).2,3 SGA newborns have 83% higher risk of
neonatal mortality and 90% higher risk of post-neonatal
mortality than appropriate for gestational age (AGA)
newborns.4 Therefore, SGA, PT birth and LBW are
important clinical and health indicators for tracking
neonatal and population health over time. SGA and PT
birth have been largely associated with an increased risk
of health problems in later life, including premature
mortality, poor linear growth, noncommunicable dis-
ease and neurodevelopmental impairment.5–9 Although
LBW have slowly reduced in the past 30 years, such
decrease was not homogenous for all low- and middle-
income countries (LMICs).10 On a global scale, we are
far behind the target of a 30% reduction in the preva-
lence of LBW by 2030.11

High-income countries experienced a 3–4% decrease
in PT births worldwide during the COVID-19 lockdown
period, while no significant changes were observed in
LMICs.12 Around 36% livebirths in LMICs were born
either too small (i.e., SGA) or too soon (i.e., PT), or
both.4,12 These adverse birth outcomes could predict
adverse postnatal health consequences.3 Despite this high
prevalence of SGA and PT in these countries, vulnerable
newborn phenotypes have not been well described in
such settings and national level studies might be hin-
dering subnational differences. Furthermore, large for
gestational age (LGA) newborns have a substantial risk of
adverse short- and long-term health outcomes. Previous
studies have shown that the prevalence of LGA newborns
has increased over the last decade but few studies have
systematically evaluated these vulnerable newborn phe-
notypes at subnational levels.13,14 Since LBW is caused by
PT and/or SGA, and LGA has increased, a more
comprehensive characterization of vulnerable newborn
phenotypes is needed to identify infants at high risk of
complications and accelerate progress toward global LBW
and neonatal mortality reduction targets. Therefore, this
study has adopted the level of granularity of vulnerable
newborn phenotypes of the Lancet Vulnerable Newborn
Series and related papers.1,11,15,16 To summarize patho-
logical conditions of vulnerable newborns and provide a
better understanding to stakeholders, the study consid-
ered SGA and PT identifying six phenotypes as follows:
SGA+PT, AGA+PT, LGA+PT, SGA+T, AGA+T, and
LGA+T.1 There is an imperative need for more attention
to perinatal health, which are key predictors of wellbeing
and quality of life.

Our study aimed to examine the national and sub-
national prevalence of novel vulnerable newborn
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phenotypes in Peru. We considered the distribution of a
simplified set of six phenotypes and a set of ten non-
overlapping phenotypes (including LBW) to identify
patterns of vulnerability and subsequent complications.1

We further described the prevalence of each vulnerable
newborn phenotype by time, socioeconomic and
geographic characteristics.

Methods
Data sources
This study includes all mother–child pairs recorded in
The Online Live Birth Certificate Registration System
(Sistema de Registro del Certificado de Nacido Vivo, in
Spanish) in Peru. This national birth registry system
was launched in March 2012 and includes information
from all healthcare providers across the country. This
birth registry includes newborn information immedi-
ately after birth (sex, birthweight, and gestational age),
and maternal information (age, education, and health
insurance).17,18 This data is collected and entered in the
birth registration system by health professional
following standard procedures outlined in national
guidelines.17–19 Birthweight (in grams) is collected by a
trained health professional during the healthcare of the
newborn, while gestational age (in weeks) is estimated
based on ultrasound or last menstrual period, and
confirmed with physical examination.12,17,18 Data can be
available upon request through the Ministry of Health
(https://www.minsa.gob.pe/portada/transparencia/solic
itud/). This data was retrieved on March 31, 2022. The
national coverage of this system has improved over the
years, with 12% coverage of all projected births in Peru
in 2012, 37% in 2013, 53% in 2014, 72% in 2015, 80%
in 2016, 84% in 2017, 88% in 2018, 85.6% in 2019,
81.4% in 2020 and 81.5% in 2021.17,20 We additionally
collected information on the altitude of residence area in
meters above sea level (m.a.s.l.) at the province level (3rd
administrative level: national > region > province) from
the National institute of Statistics and Computing.21

Study design and study settings
This is an ecological study at national and subnational
levels in Peru. Peru is an upper-middle-income country,
located in South America, with an estimated total pop-
ulation of 33,359,416, and a gross domestic product of
US$ 223.3 billion in 2021.22 Peru is geographically
divided in three natural regions (Coast (regions along
the Pacific Ocean), Highlands (regions surrounding the
Andes), and Amazon (regions in the Amazon rain-
forest)); and subdivided in 25 regions (equivalent to
states) and 196 provinces (equivalent to counties).21

The main healthcare providers in Peru are SIS
(Seguro Integral de Salud, in Spanish) run by the Ministry
of Health; EsSalud (Seguro Social de Salud, in Spanish)
run by the Ministry of Labor and covering formal em-
ployees; and private healthcare and out-of-pocket health
expenditure.23 These healthcare provides cover ∼64%,
www.thelancet.com Vol 31 March, 2024
∼29% and ∼6% of the population; respectively.23 This
study followed the STROBE guidelines.24

Study population
We included all women-child pairs from the National
Birth System between 2012 and 2021. Of 3,856,933
births, we conducted a complete-case analysis. Cleaning
criteria and plausibility ranges were applied as follows
leading to the exclusion of observations with: (a) missing
information on birthweight (n = 1401) and birthweight
<250 g or >6500 g (n = 15); (b) missing information on
gestational age (n = 307) and gestational age outside the
range of 22–44 weeks (n = 169); (c) missing information
on multiple pregnancy (n = 4700), location (n = 652),
health insurance (n = 5165), and maternal education
(n = 1354); (d) maternal age younger than 9 years
(n = 58); and (e) ±5 standard deviations (SD) of birth-
weight or gestational age (n = 1581). Finally, a total of
3,841,531 (99.6% of the initial sample size) births were
included in our analysis (Supplementary Fig. 1).

We excluded provinces with <30 births (n = 1 prov-
ince in the entire study period) when summarizing data
at the province level. This threshold was used as a data
quality control because a province is not the lowest
administrative level in Peru and provinces with such low
birth rates seems implausible.

Definitions
The data was categorized based on gestational age (PT
birth, up to 36 weeks or term, 37 weeks and above (T)),
size for gestational age (SGA, AGA, or LGA) using the
INTERGROWTH-21st international newborn size for
age and sex standards (extended to include newborns
from 22 to 44 weeks), and birthweight (LBW <2500 g or
nonLBW ≥2500).1,25–27 To provide greater clarity for the
terms SGA and PT, the definitions given earlier are
intended to bridge the gap between the concepts and
their understanding (SGA+PT, AGA+PT, LGA+PT,
SGA+T, AGA+T, and LGA+T).1 For visualization and
comparison purposes between small (SGA+PT,
AGA+PT, LGA+PT, SGA+T) and large (LGA+T) phe-
notypes, we group all the small phenotypes in our
analysis. In a secondary analysis, we expanded the list of
newborn phenotypes from six to ten, including LBW:
SGA+PT+LBW, AGA+PT+LBW, AGA+PT+nonLBW,
LGA+PT+LBW, LGA+PT+nonLBW, SGA+T+LBW,
SGA+T+nonLBW, AGA+T+LBW, AGA+T+nonLBW,
and LGA+T+nonLBW.1 The purpose of using different
phenotypes is to better discriminate vulnerability and
potential mechanisms between the various combina-
tions of conditions, rather than focusing solely on one
condition (i.e., LBW).

The prevalence of each vulnerable newborn pheno-
type was calculated as a percentage (%) after dividing the
number of births of each phenotype over the total
number of live births and multiplying it by 100. We
further included socioeconomic and geographic
3
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variables such as maternal education (none, kinder,
complete primary, incomplete secondary, complete
secondary, incomplete higher and complete higher ed-
ucation), maternal age (<15, 15–19, 20–24, 25–29,
30–34, 35–39, and ≥40 years old), healthcare providers
(SIS, EsSalud, and private/out-of-pocket/others), and
altitude of residence area in m.a.s.l. By considering
these factors, the study aimed to provide a comprehen-
sive understanding of the prevalence and potential risk
factors related with vulnerable newborn phenotypes
across various contexts.

Statistical analysis
First, the prevalence of vulnerable newborn phenotypes
in both the simplified model of six and the more
detailed model of ten phenotypes was summarized.
Second, to gain insights into the spatial patterns of
vulnerable newborn phenotypes, we developed maps
and trend plots to depict their prevalence across
different subnational levels using ggplot2 package.
Furthermore, we performed a sensitivity analysis
excluding the years before 2016 in geographic trends.
Third, we examined sociodemographic and geographic
disparities by disaggregating the outcomes of interest
across time by maternal education, maternal age,
healthcare providers and altitude of residence area.
Maternal education, maternal age, healthcare provider,
and altitude were evaluated as potential contributing
factors to these differences. Fourth, we used equiplots to
illustrate differences in vulnerable newborn phenotypes
in less educated (from none to complete primary edu-
cation level) and younger (at the age of 19 years or less)
mothers. Our main analysis focused on the six newborn
phenotypes, while the secondary analysis provides a
comprehensive analysis of the ten newborn phenotypes.
Finally, we examined the prevalence of small and large
newborn phenotypes in the study population. All sta-
tistical analyses were performed with R version 4.1.2 (R
foundation, Vienna, Austria).

Ethics
The study was approved by the Research Ethics Com-
mittee of Universidad Peruana Cayetano Heredia, Lima,
Peru (SIDISI 205540).

Role of founding source
The funders of the study had no role in study design,
data collection, formal analysis, data interpretation, or
writing the manuscript. All authors had full access to
the data, and collectively have final responsibility for the
decision to submit for publication.
Results
Study population characteristics
Of all births between 2012 and 2021, 48.9% were girls,
the mean gestational age was 38.7 weeks [SD 1.7] and
the mean birthweight was 3263.1 g [SD 525.4]. Of all
mothers, the mean maternal age was 27.9 years [SD 6.9],
and 33.3% had incomplete secondary school (Table 1).
From 2012 to 2021, the prevalence of small phenotypes
(SGA+PT, AGA+PT, LGA+PT, and SGA+T) was 11.2%,
while the prevalence of the large phenotype (LGA+T)
was 15.2%. The AGA+PT (5.2%) and SGA+T (4.6%)
phenotypes were the two most prevalent among small
phenotypes.

Geographical trends
The most prevalent simplified vulnerable newborn
phenotypes across the years and per natural region were
the LGA+T phenotype that had the highest prevalence
in the Coast (18.9%) and the SGA+T phenotype that had
the highest prevalence in the Highlands (6.5%) (Fig. 1).
From 2020 to 2021, the prevalence of the LGA+T
phenotype ranged from 2.1% (6/283, Grau; Highlands)
to 31.6% (201/637, Islay; Coast), and the prevalence of
the SGA+T phenotype ranged from 1.3% (8/637, Islay;
Coast) to 16.8% (22/131, Antonio Raymondi; High-
lands) (Table 2). Additionally, the prevalence of small
phenotypes was the highest in the Highlands (12.5%),
and the lowest in the Coast (10.3%) across the years
(Fig. 1). In 2020–2021, the prevalence of small pheno-
type ranged from 2.5% (16/637, Islay; Coast) to 24.0 (24/
100, Purus; Highlands). Furthermore, eight out of the
ten provinces with the highest prevalence of SGA+PT
phenotype belong to the Highlands (Table 2). In the
additional analyses, no substantial differences were
observed between the geographic trends from 2016 to
2021 period and the geographic trends from 2012 to
2021 (Supplementary Fig. 2).

When grouping by ten vulnerable newborn pheno-
types, the most common phenotype, specially across
Coastal regions, was the LGA+T+NBW, which ranged
from 2.6% (8/304, Antabamba, Highlands) to 30.7%
(12,637/41,168, Tacna; Coast). Each of the remaining
phenotypes represented less than 12% of all births in all
provinces. Regarding the SGA+PT+LBW phenotype,
eight out of the ten provinces with the highest preva-
lence were in the Highlands (Supplementary Fig. 3).

Time trends
The prevalence of the five vulnerable newborn pheno-
types was 15.2% (585,806/3,841,531) for LGA+T, 5.2%
(197,943/3,841,531) for AGA+PT, 4.6% (175,143/
3,841,531) for SGA+T, 0.8% (30,788/3,841,531) for
LGA+PT, and 0.7% (25,549/3,841,531) for SGA+PT
across the entire study period. The most prevalent
phenotype was AGA+T (the reference group), account-
ing for 73.6% (2,826,302/3,841,531) of all cases. The
prevalence of vulnerable newborn phenotypes remained
steady, with minor changes for AGA+T and LGA+T. The
AGA+T phenotype increased by 1.8% (from 71.6%
[51,927/72,484] to 73.4% [336,824/458,825]) over time,
whereas the LGA+T phenotype decreased by 1.4% (from
www.thelancet.com Vol 31 March, 2024
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Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Sample size (n) 72,484 214,270 307,418 416,620 458,863 478,562 492,273 483,389 458,827 458,825

Newborn sex, girls (%) 48.6 48.7 48.7 48.8 48.8 48.9 48.9 48.8 49.0 49.0

Gestational age [median (IQR)], weeks 39 (38–40) 39 (38–40) 39 (38–40) 39 (38–40) 39 (38–40) 39 (38–40) 39 (38–40) 39 (38–40) 39 (38–40) 39 (38–40)

Birthweight [mean (SD)], grams 3288 (556) 3273 (545) 3270 (531) 3260 (527) 3258 (523) 3262 (520) 3269 (522) 3262 (522) 3268 (522) 3249 (524)

Maternal age [mean (SD)], years 26.7 (6.9) 26.9 (6.9) 27.3 (6.9) 27.5 (6.9) 27.7 (6.9) 27.8 (6.9) 30.0 (6.9) 28.1 (6.9) 28.3 (6.9) 28.5 (6.9)

Healthcare provider (%)

SISa 66.4 76.2 71.4 69.4 71.2 71.3 69.6 70.1 69.2 70.8

EsSaludb 0.4 3.8 12.7 19.6 20.0 20.2 20.2 19.4 16.9 14.8

Private and out-of-pocket 32.7 19.4 15.2 10.5 8.2 7.8 9.1 9.5 12.5 12.8

Others 0.5 0.6 0.7 0.6 0.6 0.7 1.0 1.1 1.3 1.6

Maternal education (%)

Complete higher 12.2 14.0 17.0 18.7 19.6 20.1 22.1 23.3 23.8 22.7

Incomplete higher 8.8 9.7 10.2 10.3 10.7 10.9 11.1 11.2 11.1 10.0

Complete secondary 45.6 39.8 37.2 35.8 34.6 34.5 34.4 34.5 35.3 35.2

Incomplete secondary 20.1 20.0 18.8 18.2 18.2 18.2 17.2 16.7 16.5 17.2

Complete primary 6.8 8.2 8.3 8.3 8.9 8.8 8.3 8.0 7.4 8.3

Kinder 5.9 7.3 7.5 7.5 7.0 6.5 5.9 5.5 5.2 5.7

None 0.7 1.0 1.0 1.1 1.0 1.0 0.9 0.8 0.7 0.8

Birth place (%)

Health facility 99.8 99.8 99.7 99.3 99.1 98.9 99.0 99.0 98.3 97.4

Outside 0.2 0.2 0.3 0.7 0.9 1.1 1.0 0.9 1.7 2.6

aSIS: Seguro Integral de Salud in Spanish. bEsSalud: Seguro Social de Salud in Spanish.

Table 1: Characteristics of the population by year.

Fig. 1: Geographic distribution and patterns of vulnerable newborn phenotypes, Peru: 2012–2021. aSmall phenotypes include: SGA+PT,
AGA+PT, LGA+PT, SGA+T. bLarge phenotype include: LGA+T. Abbreviations: Small for gestational age (SGA), preterm (PT), appropriate for
gestational age (AGA), large for gestational age (LGA), and term (T).
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SGA+PT AGA+PT LGA+PT SGA+T AGA+T LGA+Tb Small phenotypesa

Coast

2012–2013 Lowest Ilo
0.1 (1/668)

Zarumilla
0.4 (1/276)

Huaral
0.1 (1/801)

Viru
1.6 (4/258)

Tacna
62.5 (2461/3937)

Talara
8.8 (10/114)

Ascope
2.4 (4/165)

Highest Castilla
1.9 (1/53)

Chiclayo
9.1 (174/1912)

Chiclayo
2.4 (45/1912)

Gran Chimu
8.7 (4/46)

Talara
82.5 (94/114)

Tacna
30.0 (1180/3937)

Chiclayo
19.0 (364/1912)

2014–2015 Lowest Ilo
0.1 (2/2365)

Contralmirante Villar
0.9 (2/228)

Ferreñafe
0.1 (1/1425)

Islay
1.1 (8/718)

Tacna
62.5 (5829/9322)

Gran Chimu
9.1 (15/164)

Islay
2.5 (18/718)

Highest Sullana
1.1 (96/8707)

Piura
8.3 (1441/17,425)

Callao
1.4 (395/28,457)

Gran Chimu
10.3 (17/164)

Zarumilla
80.4 (434/540)

Tacna
30.8 (2874/9322)

Piura
16.1 (2814/17,425)

2016–2017 Lowest Sechura
0.1 (1/1534)

Zarumilla
0.8 (5/594)

Viru
0.1 (2/1848)

Caraveli
1.1 (3/283)

Tacna
62.1 (6273/10,094)

Gran Chimu
7.2 (15/207)

Caraveli
2.8 (8/283)

Highest Gran Chimu
1.4 (3/207)

Chiclayo
7.8 (2092/26,847)

Callao
1.6 (564/34,844)

Gran Chimu
9.7 (20/207)

Sechura
83.1 (1275/1534)

Tacna
30.2 (3050/10,094)

Sullana
15.6 (1630/10,481)

2018–2019 Lowest Ascope
0.0 (1/2320)

Islay
0.8 (6/716)

Casma
0.1 (1/946)

Islay
0.8 (6/716)

Tacna
60.0 (5906/9840)

Gran Chimu
8.2 (22/268)

Islay
2.0 (14/716)

Highest Gran Chimu
1.1 (3/268)

Sullana
7.9 (1049/13,284)

Callao
1.6 (612/39,255)

Ferreñafe
5.8 (93/1615)

Zarumilla
83.7 (507/606)

Tacna
32.1 (3156/9840)

Sullana
13.9 (1846/13,284)

2020–2021 Lowest Ascope
0.1 (1/1915)

Zarumilla
0.4 (4/928)

Islay
0.2 (1/637)

Islay
1.3 (8/637)

Tacna
61.5 (4907/7975)

Gran Chimu
8.3 (40/480)

Islay
2.5 (16/637)

Highest Piura
1.0 (235/24,351)

Chiclayo
7.8 (1736/22,341)

Callao
1.8 (617/33,353)

Gran Chimu
6.7 (32/480)

Zarumilla
83.0 (770/928)

Islay
31.6 (201/637)

Chiclayo
14.1 (3159/22,341)

Highlands

2012–2013 Lowest Huanta
0.1 (1/943)

Pachitea
0.9 (2/223)

Andahuaylas
0.1 (1/1221)

Caylloma
2.4 (7/290)

Cajamarca
69.9 (3623/5180)

Sucre
1.6 (1/63)

Caylloma
4.1 (12/290)

Highest Cajamarca
2.4 (125/5180)

Cajamarca
9.4 (489/5180)

Ayabaca
1.6 (4/250)

Vilcas Huaman
16.1 (24/149)

Urubamba
88.0 (88/100)

Caylloma
17.2 (50/290)

Cajamarca
24.7 (1277/5180)

2014–2015 Lowest Lucanas
0.1 (1/950)

El Collao
0.7 (9/1265)

Tayacaja
0.1 (1/1868)

Condesuyos
1.7 (1/59)

Bolivar
70.4 (38/54)

Recuay
1.3 (3/231)

Condesuyos
1.7 (1/59)

Highest Chumbivilcas
2.4 (2/82)

Cajamarca
7.8 (887/11,398)

Bolivar
3.7 (2/54)

Julcan
16.5 (23/139)

General Sanchez Cerro
94.6 (35/37)

Sandia
21.3 (60/282)

Sihuas
25.7 (54/210)

2016–2017 Lowest Huanta
0.1 (2/3248)

Antonio Raymondi
0.7 (1/136)

Tayacaja
0.1 (1/1892)

Condesuyos
0.7 (1/141)

La Union
68.6 (24/35)

Sucre
0.8 (1/125)

Condesuyos
2.8 (4/141)

Highest La Union
5.7 (2/35)

Chachapoyas
7.3 (245/3351)

Pataz
1.6 (19/1165)

Lauricocha
14.5 (59/406)

Victor Fajardo
91.1 (102/112)

Caylloma
22.0 (574/2608)

La Union
22.9 (8/35)

2018–2019 Lowest Huanta
0.1 (2/3174)

Mariscal Luzuriaga
0.7 (1/148)

Tayacaja
0.0 (1/2106)

Paruro
1.3 (1/75)

Caylloma
71.8 (1940/2702)

Huaytara
1.3 (2/153)

Moho
3.9 (5/129)

Highest Marañon
2.0 (6/303)

Cajamarca
8.2 (1204/14,755)

Tarata
3.3 (1/30)

San Miguel
15.8 (48/304)

Bolivar
90.1 (145/161)

Caylloma
24.1 (652/2702)

San Miguel
20.4 (62/304)

2020–2021 Lowest Cotabambas
0.1 (1/1759)

Acomayo
0.4 (1/237)

Pachitea
0.0 (1/2143)

Moho
2.1 (4/187)

Caylloma
72.7 (2130/2931)

Grau
2.1 (6/283)

Paruro
3.1 (5/160)

Highest Cajamarca
1.9 (262/14,029)

Chachapoyas
8.3 (259/3129)

San Miguel
1.9 (8/413)

Antonio Raymondi
16.8 (22/131)

Paruro
93.8 (150/160)

Caylloma
22.2 (652/2931)

Sihuas
22.3 (124/555)

Amazon

2012–2013 Lowest Utcubamba
0.2 (1/581)

Bongara
1.0 (1/105)

Tambopata
0.1 (1/1153)

Bongara
1.9 (2/105)

Condorcanqui
67.4 (29/43)

Rodriguez de Mendoza
6.7 (10/149)

Bongara
2.9 (3/105)

Highest Coronel Portillo
1.7 (13/755)

Condorcanqui
9.3 (4/43)

Condorcanqui
2.3 (1/43)

Condorcanqui
11.6 (5/43)

Rodriguez de Mendoza
85.9 (128/149)

Tambopata
19.9 (229/1153)

Condorcanqui
23.3 (10/43)

2014–2015 Lowest Rioja
0.1 (1/1759)

Bongara
0.6 (2/320)

Mariscal Caceres
0.1 (1/790)

Tahuamanu
2.5 (6/237)

San Martin
70.4 (5071/7206)

Requena
3.0 (1/33)

Mariscal Caceres
6.5 (51/790)

Highest Ucayali
2.4 (1/41)

San Martin
9.7 (701/7206)

Mariscal Ramon Castilla
2.8 (10/351)

Datem del Marañon
15.6 (60/385)

Requena
84.8 (28/33)

Tambopata
19.2 (906/4728)

Atalaya
19.0 (148/777)

2016–2017 Lowest Mariscal Caceres
0.1 (1/1947)

Tahuamanu
0.8 (2/241)

San Ignacio
0.2 (3/1654)

Manu
1.3 (2/160)

Manu
64.4 (103/160)

Purus
4.4 (4/90)

Tahuamanu
5.0 (12/241)

Highest Coronel Portillo
1.5 (303/20,310)

San Martin
8.9 (914/10,264)

Huallaga
2.2 (8/367)

Condorcanqui
12.6 (107/852)

Bongara
85.3 (355/416)

Manu
30.6 (49/160)

San Martin
16.6 (1701/10,264)

2018–2019 Lowest Mariscal Ramon Castilla
0.1 (1/1913)

Manu
0.5 (1/189)

San Ignacio
0.2 (3/1545)

Picota
3.0 (24/808)

Manu
67.7 (128/189)

Putumayo
4.1 (4/98)

Manu
4.2 (8/189)

Highest Coronel Portillo
1.4 (289/20,927)

San Martin
8.7 (931/10,668)

Purus
2.9 (3/103)

Condorcanqui
13.0 (104/801)

Putumayo
86.7 (85/98)

Manu
28.0 (53/189)

Purus
19.4 (20/103)

(Table 2 continues on next page)
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(Continued from previous page)

2020–2021 Lowest Puerto Inca
0.1 (1/1088)

Bongara
1.0 (4/385)

Datem del Marañon
0.1 (1/1297)

Huallaga
2.7 (11/414)

Manu
66.7 (182/273)

Purus
3.0 (3/100)

Manu
5.1 (14/273)

Highest Datem del Marañon
1.4 (18/1297)

Purus
9.0 (9/100)

Purus
5.0 (5/100)

Putumayo
12.3 (20/163)

Bongara
85.2 (328/385)

Manu
28.2 (77/273)

Purus
24 (24/100)

Results are presented as prevalence estimate in percentage. Abbreviations: Small for gestational age (SGA), preterm (PT), appropriate for gestational age (AGA), large for gestational age (LGA), and term
(T). aSmall phenotypes include: SGA+PT, AGA+PT, LGA+PT, SGA+T. bLarge phenotype includes: LGA+T.

Table 2: Provinces with the lowest and highest prevalence of newborn phenotypes.
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16.6% [12,039/72,484] to 15.2% [69,687/458,825]). The
prevalence of other vulnerable newborn phenotypes
changed by less than 1%. When all small phenotypes
were combined, their prevalence remained lower than
that of the large phenotype. This difference remained
throughout the study period (Fig. 2A). A similar pattern
in the prevalence of small and large phenotypes was
observed by sex, respectively (Fig. 2B).

All natural regions showed a small but steady in-
crease in LGA+T over time. In the Highlands, the
AGA+PT decreased by 1.6% (from 6.4% [521/8101] to
4.8% [6155/127,557]), SGA+T decreased by 1.0% (from
7.3% [595/8101] to 6.3% [8038/127,557]), and AGA+T
increased by 2.8% (from 75.8% [6142/8101] to 78.6%
A

C

B

Fig. 2: Temporal trends of six newborn phenotypes by national (A), by
include: SGA+PT, AGA+PT, LGA+PT, SGA+T. bLarge phenotype include: L
appropriate for gestational age (AGA), large for gestational age (LGA), a

www.thelancet.com Vol 31 March, 2024
[100,197/127,557]) between 2012 and 2021. The preva-
lence of other vulnerable newborn phenotypes varied
slightly by natural region, with changes of less than 1%.
In 2021, the Coast showed a substantially higher prev-
alence of LGA+T than the Amazon and the Highlands
(19.4% [47,943/247,163], 12.0% [10,076/84,039], and
9.1% [11,663/127,557], respectively). Differences were
observed across natural regions when comparing small
and large phenotypes. While the Amazon had a similar
prevalence of small and large phenotypes, the Coast had
a higher prevalence of large than small phenotypes, and
the Highlands had a higher prevalence of small than
large phenotypes (Fig. 2C). Additionally, slight differ-
ences in the trends were found between the pre-
sex (B) and by natural regions (C), 2012–2021. aSmall phenotypes
GA+T. Abbreviations: Small for gestational age (SGA), preterm (PT),
nd term (T).
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pandemic and COVID-19 pandemic periods. At the
national level, in both sexes, and in the Highlands, small
phenotypes displayed a positive slope during the
pandemic period, while the large phenotype showed a
negative slope (Fig. 2A–C).

At the subnational level, most regions showed a
negative trend in AGA+PT and a positive trend in
LGA+T over time. The largest drops in AGA+PT were
observed in Cajamarca (5.9%, from 10.7% [125/1172] to
4.8% [996/20,740]), Madre de Dios (5.2%, from 8.2% [6/
73] to 3.0% [113/3769]) and San Martin (3.4%, from
8.9% [9/101] to 5.5% [901/16,393]) between 2012 and
2021. The largest increases in LGA+T were observed in
San Martin (5.3%, from 7.9% [8/101] to 13.2% [2159/
16,393]), Moquegua (4.2%, from 25.2% [345/1368] to
29.4% [548/1863]) and Callao (3.6%, from 16.9% [1172/
6945] to 20.5% [3227/15,704]) between 2012 and 2021.
In 2021, the prevalence of LGA+T was more than 10%
in 17 out of the 25 regions. When small and large
phenotypes were grouped, their prevalence varied
greatly. The small phenotypes were more prevalent in
Ayacucho, Cajamarca, Huancavelica, Junin, Loreto,
Pasco, Puno, and Ucayali, whereas the large phenotype
was more prevalent in Arequipa, Callao, Ica, La Libertad,
Lambayeque, Lima, Madre de Dios, Moquegua, Tacna,
and Tumbes. The prevalence of small and large phe-
notypes was similar in Amazonas, Ancash, Apurimac,
Cusco, Huanuco, Piura and San Martin (Supplementary
Fig. 4). No substantial changes were observed in the
other vulnerable newborn phenotypes (Supplementary
Fig. 4). The trends remained consistently among both
girls and boys (Supplementary Figs. 5 and 6). Further-
more, the analysis of the ten vulnerable newborn phe-
notypes showed similar trends in small and large
phenotypes (Supplementary Figs. 7–10).

Socioeconomic and geographic inequalities
(ecological analysis)
We examined sociodemographic disparities by dis-
aggregating the outcomes of interest across time by
maternal education, maternal age, healthcare providers
and altitude of residence area. Small phenotypes were
more common in less educated and/or younger
mothers, whilst the large phenotype was more common
in mothers with higher education (Fig. 3). Consistently,
over time, the prevalence of newborns with the SGA+T
phenotype was higher among less educated mothers,
followed by the SGA+PT phenotype; conversely, the
LGA+T and LGA+PT phenotypes increased among
more educated mothers (Fig. 3A). The SGA+T pheno-
type was more common in newborns born from
younger mothers (Fig. 3B), while the AGA+PT pheno-
type was more common among mothers at both
extreme of age and education (Fig. 3A and B). The
prevalence of newborns with the LGA+T phenotype
increased with the maternal age (Fig. 3B). Over time, the
prevalence of newborns with the SGA+T phenotype was
consistently higher in younger mothers with complete
primary or lower education (Supplementary Fig. 11).
Newborns with SGA+T phenotype were more common
among SIS healthcare beneficiaries, whereas newborns
with the LGA+T, AGA+PT and LGA+PT phenotypes
were more common among the EsSalud healthcare
beneficiaries (Fig. 3C). Finally, small phenotypes
(mainly, SGA+T phenotype) were more prevalent at
high altitude, whereas the LGA+T phenotype was more
prevalent at lower altitude (Fig. 3D). The analysis of the
ten vulnerable newborn phenotypes showed similar
patterns (Supplementary Figs. 12–15).
Discussion
Main findings
This study provides information on the newborn
vulnerable phenotypes according to geographic set-
tings in Peru for a decade period. The prevalence of
newborns with large and small phenotypes were 15.2%
and 11.2%, respectively. Both phenotypes exhibited
minor variation at national level over time. However,
the prevalence of vulnerable newborn phenotypes var-
ied significantly at the subnational level. The Coast had
a higher prevalence of newborns with large phenotypes
than small phenotypes, while the Highlands and the
Amazon (natural regions) had higher prevalence of
newborns with small phenotypes than large pheno-
types. Overall, mothers with poor socioeconomic status
and living at high altitude had a higher prevalence of
newborns with small phenotypes, while mothers who
were apparently wealthier had a higher prevalence of
infants with large phenotypes. Our findings suggest
that geographic and socioeconomic disparities may
play a crucial role in shaping distribution of vulnerable
newborn phenotypes at national and subnational level
in Peru.

Strengths and limitations
Strengths of this study include using a national registry
of births collated over ten years, which allowed the
analysis of vulnerable newborn phenotypes at both the
national and subnational levels. The inclusion of births
from both public and private healthcare facilities across
the country enabled the examination of disparities and
changes by different geographical, socioeconomic, and
healthcare access profiles. Furthermore, the use of six
and ten newborn phenotypes might improve the iden-
tification of vulnerability, paving the way to a more
comprehensive understanding of the underlying bio-
logical mechanisms and facilitating the design of tar-
geted interventions and policies to effectively reduce
vulnerability at the subnational levels.1 Thus, this study
provides valuable findings that may assist national and
international stakeholders in enhancing maternal and
child health in Peru, especially in disadvantaged
settings.
www.thelancet.com Vol 31 March, 2024
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B

Fig. 3: Socioeconomic and geographic disparities of vulnerable newborn phenotypes in terms of (A) maternal education, (B) maternal
age, (C) healthcare provider, and (D) altitude of residence, Peru: 2012–2021. Abbreviations: Small for gestational age (SGA), preterm (PT),
appropriate for gestational age (AGA), large for gestational age (LGA), and term (T). SIS (Seguro Integral de Salud, in Spanish) is the main
healthcare provider in Peru overseen by the Ministry of Health, following by EsSalud (Seguro Social de Salud, in Spanish) run by the Ministry of
Labor, covering formal employees and their families.
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Some limitations must be addressed. Firstly,
although the information was registered by health pro-
fessionals, misclassification bias may be possible due to
differences in measurement and registration proced-
ures across medical centres and provinces. However,
the overall geographic patterns and time trends should
not be substantially modified, as data entry in the na-
tional registration system followed standard procedures
and was carried out by qualified health professionals in
accordance with national guidelines.17,18 Secondly, some
births may have been missing from the online regis-
tration form, i.e., births in rural facilities or in those
areas with poor internet connection. This might have
affected our findings, particularly in the early years of
the study period during the implementation of the birth
registry system (2012–2014) and might have resulted in
the underestimation of the vulnerable phenotypes.
Although we also noticed a slight decrease in the
recorded births between 2019 and 2021 compared to
2018, the coverage information consistently remained
www.thelancet.com Vol 31 March, 2024
above 81% throughout these years. Thus, our findings
for the earlier years (2012–2014), including any in-
ferences regarding the prevalence of vulnerable
newborn phenotypes, should be interpreted with
caution for the entire population. Additionally, since
there is no data available on neonatal mortality, the
prevalence of vulnerable newborn might be under-
estimated. However, research tracking health indicators
using solely live births at the state or county level have
contributed to the global body of evidence.28–30 Third,
information on pregnancy complications and lifestyle
factors (e.g., body mass index, supplementation, and
substance use) was not available. Further studies are
needed to examine the association of these factors with
vulnerable newborn phenotypes in Peru. Finally, since
information on the method of assessing gestational age
was absent from the birth registry, the accuracy of
gestational age assessment may vary between methods.
For example: first-trimester ultrasound measurements
may be more accurate than the last menstrual period.
9
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Similar to births occurring in low-income settings, the
Highlands and the Amazon are less likely to benefit
from optimal obstetric evaluations.1 If the last menstrual
period dating method was predominantly used in these
regions, it might have contributed to an overestimation
of small vulnerable phenotypes.1 Notably, this issue is
not unique to our study and has been identified in
several regions such as Asia, North Africa, and Latin
America.1 However, despite these challenges, studies
assessing health indicators in these areas still provided
valuable insights.1 This study highlights the need to
update the birth registration system and include infor-
mation about the gestational age assessment method.

Potential explanations
An accurate definition of vulnerable newborn is critical
to improve targeted clinical care, since infants born with
any vulnerable phenotype have a higher risk of death in
the first month of life, of neurodevelopmental impair-
ment, or a higher risk of developing noncommunicable
diseases in adulthood.5–9,11,16,31 Although LBW is a well-
established predictor of newborn vulnerability, PT and
SGA are further key predictors of short- and long-term
pathological conditions over time.11,13,14,16,32,33 Further-
more, LGA must also be considered a category of
vulnerable newborn, since LGA newborns have a higher
risk of negative health outcomes in childhood.13,14,32

Thus, PT, SGA and LGA may further represent the
driving pathways for vulnerability, guiding the prioriti-
zation of preventive interventions and clinical care.1,15

However, even if a previous ecological research in
Peru found the prevalence of newborns with LBW and
SGA was 6.2% and 5.2%, respectively,34 no earlier study
had comprehensively examined all these novel vulner-
able newborn phenotypes at the subnational level in
Peru.

Our study found that the large phenotype was more
prevalent at the national level. However, when exam-
ining the prevalence by natural region, the Highlands
and the Amazon had a higher prevalence of small babies
than the Coast, whereas the Coast had a higher preva-
lence of large babies than the Highlands and the
Amazon. Additionally, adolescent mothers with com-
plete primary education or lower had prevalence of
small babies (mostly, SGA+T and AGA+PT). Over time.
Geographic and socioeconomic gaps may explain these
differences between and within natural regions.35,36 The
potential mechanisms underlying newborns’ vulnera-
bility are multifaceted, including maternal health con-
ditions, socioeconomic inequalities, and environmental
factors.15 Peru has substantial socioeconomic disparities
through their regions.35 The Highlands and the Amazon
are characterized by challenging topographical and so-
cioeconomic conditions, with a substantial concentra-
tion of people living in poverty and with a limited access
to education and health services.23,35 Several regions in
the Highlands (e.g., Ayacucho, Cajamarca,
Huancavelica, Huánuco, Pasco and Puno) and in the
Amazon (e.g., Loreto) belong to the poorest quintile.35

The Coast is characterized for a more extensive devel-
oping economy and higher access to health services,
although there are still pockets of poverty and inequality,
mainly in the coastal rural areas.35

Subnational disparities may further be related to in-
dividual characteristics such as differences in maternal
socioeconomic and geographic characteristics.4,37,38 We
found a widening gap overtime by maternal education
level, age, type of health insurance and altitude of resi-
dence area. Prevalence of small babies was more com-
mon among mother who were younger, less educated,
had public health insurance, and lived at high altitude,
whereas the prevalence of large babies was more com-
mon among mothers who were older, more educated,
older, had social health insurance, and lived at sea level.
Growing evidence is linking low socioeconomic status
and/or living at high altitude with small babies (SGA
and PT),4,37–39 however, no previous studies described
differences within phenotypes of small babies (mainly
the SGA+T and SGA+PT phenotypes). This is a call for
more research studies using a detailed categorization of
phenotypes because some phenotypes may have the
worst prognosis than other phenotypes.5–9,11,16,31,33 A pre-
vious meta-analysis among 1,604,770 newborns found
that those born at high altitude (beyond 2500 m.a.s.l.)
have a higher risk of LBW, SGA, and PT than those born
at low altitude (below 2500 m.a.s.l.).39 These observed
associations may be attributed, in part, to a reduced
exchange of oxygen and nutrients between the mother
and the foetus because of reduced uterine artery diam-
eter and blood flow in high-altitude pregnancies.39,40

Other previous meta-analysis among 59,670,142
adolescent mothers found that those mothers with low
socioeconomic status who lived in rural residence had a
higher risk of preterm birth and low birthweight ba-
bies.41 Moreover, previous study in England among
1,155,981 mothers found that mothers with socioeco-
nomic inequalities have an increased risk of preterm
births, foetal growth restriction and stillbirths.38 Besides,
younger women with low socioeconomic status may
have an accumulation of adverse risk factors, including
inadequate prenatal care, domestic violence and un-
healthy lifestyle factors.38 To what extent the altitude-
related mechanism, as well as socioeconomic and life-
style factors contribute to the increased prevalence of
small phenotypes in our current study remains un-
known and falls outside the scope of this study. More
research using longitudinal data is needed to examine
the influence of adverse sociodemographic and
geographic factors on vulnerable newborn phenotypes.

Public health implications
Our findings provide information to improve the iden-
tification of vulnerable newborns in Peru, with detailed
national and subnational trends, facilitating surveillance
www.thelancet.com Vol 31 March, 2024
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and targeted intervention programs to effectively reduce
vulnerability. Given the significant impact of vulnerable
newborn phenotypes on the risk of children’s morbidity
and mortality, providing a more comprehensive
description of newborn phenotypes, including their so-
cioeconomic and geographical characteristics, will play a
pivotal role to effectively reduce the vulnerable disease
burden among newborns and infants living in Peru.
Decisionmakers and stakeholders can allocate resources
and interventions more effectively and efficiently by
knowing where vulnerable phenotypes are more com-
mon. Multisectoral efforts are required to reduce the
prevalence of vulnerable newborns. According to the
World Health Organization, every pregnant woman and
newborn must receive equal opportunities during
quality care and education throughout the pregnancy,
childbirth and the postnatal period.42 This approach
must include developing locally-oriented policies com-
passing nutritional interventions, comprehensive
maternal and foetal assessment, multipronged preven-
tive measures, psychological well-being interventions,
and fostering communication among healthcare pro-
viders, pregnant women and families.42–44 Addressing
disparities in the prevalence of vulnerable phenotypes at
the subnational level is crucial component of surveil-
lance and targeted health interventions. The targeted
interventions optimize the potential to reduce neonatal
mortality rate and prevent long-term disabilities in the
population.

Employing ten newborn phenotypes provides a
comprehensive characterization of vulnerable newborns
and assists clinicians in identifying those at the highest
risk.1 Nevertheless, adopting a more parsimonious
approach by reducing the number of categories to six
phenotypes gives a simpler and more practical method
for routine implementation, while effectively pinpoint-
ing newborns at an elevated risk of premature mortal-
ity.1 Identifying locations with a high prevalence of
newborns phenotypes at the highest risk of mortality is
essential in Peru for informing preventive programs
and policies across all levels of decision making, from
local to national authorities. This information could
guide the implementation of targeted public health in-
terventions during pregnancy and the perinatal period.
The current study offers a detailed overview of vulner-
able newborn phenotypes in Peru, a LMIC setting,
serving as a starting point for further investigation in
this area. Further studies are required to assess the long-
term consequences of the vulnerable newborn pheno-
types and to better understand the specific impact of
each newborn type.
Conclusions
In Peru, both large and small phenotypes are preva-
lent, and their prevalence did not change substantially
during the observation period. The large phenotype
www.thelancet.com Vol 31 March, 2024
clustered in the coastal regions, whereas small phe-
notypes clustered in the Highlands. Women with
higher economic status and better education exhibited
a higher prevalence of the large phenotype, whereas
women with lower economic status, lower education
and living at high altitude showed a higher prevalence
of small phenotypes. To effectively improve maternal
and child health outcomes, it is crucial to consider
these factors and tailor policies and healthcare in-
terventions accordingly.

Contributors
All authors conceived the research question and analysis plan. KNC-T
pooled and prepared the data. KNC-T, HGQ-P and WCG-V conducted
the analyses and prepared the figures. KNC-T prepared the first draft of
the manuscript. KNC-T, HGQ-P, WCG-V, RMC-L, CT-M and LH pro-
vided critical scientific and editorial input to improve the manuscript.
All authors approved the submitted version.

Data sharing statement
All data analysed in this study are openly accessible and can be
requested from the Ministry of Health in Peru at https://www.minsa.
gob.pe/portada/transparencia/solicitud/frmFormulario.asp and from
the National Institute of Statistics and Computing at http://iinei.inei.
gob.pe/microdatos. We have provided the analysed data and maps as
supplementary materials to this paper.

Declaration of interests
None.

Acknowledgements
Financial Support: KNC-T received funding from a KNAW Ter
Meulen Grant from the KNAW Medical Sciences Fund of the Royal
Netherlands Academy of Arts and Sciences (grant agreement No
KNAWWF/1085/TMB406). HGQ-P received funding from a KNAW
Ter Meulen Grant from the KNAW Medical Sciences Fund the Royal
Netherlands Academy of Arts and Sciences (grant agreement No
KNAWWF/1327/TMB202116). CT-M is supported by the D43-funded
Fogarty Research training in Chronic, Non-Communicable Respira-
tory Diseases in Peru (PulmPERU) training grant (D43TW011502).

Role of funding source: The funder of the study had no role in study
design, data collection, data analysis, data interpretation, or writing of
the report. All authors had full access to the data in the study. All authors
collectively had final responsibility for the decision to submit for pub-
lication and vouch for the data accuracy. The authors alone are
responsible for the opinions in the manuscript, which do not necessarily
represent those of their institutions.

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi.
org/10.1016/j.lana.2024.100695.
References
1 Suárez-Idueta L, Yargawa J, Blencowe H, et al. Vulnerable newborn

types: analysis of population-based registries for 165 million births
in 23 countries, 2000–2021. BJOG. 2023. https://doi.org/10.1111/
1471-0528.17505.

2 Chawanpaiboon S, Vogel JP, Moller A-B, et al. Global, regional, and
national estimates of levels of preterm birth in 2014: a systematic
review and modelling analysis. Lancet Glob Health. 2019;7(1):e37–
e46. https://doi.org/10.1016/S2214-109X(18)30451-0.

3 Lee ACC, 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:
analysis of CHERG datasets. BMJ. 2017;358:j3677. https://doi.org/
10.1136/bmj.j3677.

4 Lee ACC, Katz J, Blencowe H, et al. National and regional estimates
of term and preterm babies born small for gestational age in 138
11

https://www.minsa.gob.pe/portada/transparencia/solicitud/frmFormulario.asp
https://www.minsa.gob.pe/portada/transparencia/solicitud/frmFormulario.asp
http://iinei.inei.gob.pe/microdatos
http://iinei.inei.gob.pe/microdatos
https://doi.org/10.1016/j.lana.2024.100695
https://doi.org/10.1016/j.lana.2024.100695
https://doi.org/10.1111/1471-0528.17505
https://doi.org/10.1111/1471-0528.17505
https://doi.org/10.1016/S2214-109X(18)30451-0
https://doi.org/10.1136/bmj.j3677
https://doi.org/10.1136/bmj.j3677
www.thelancet.com/digital-health


Articles

12
low-income and middle-income countries in 2010. Lancet Glob
Health. 2013;1(1):e26–e36. https://doi.org/10.1016/S2214-109X(13)
70006-8.

5 Lawn JE, Blencowe H, Oza S, et al. Every newborn: progress, pri-
orities, and potential beyond survival. Lancet. 2014;384(9938):189–
205. https://doi.org/10.1016/S0140-6736(14)60496-7.

6 de Mendonça ELSS, de Lima Macêna M, Bueno NB, de
Oliveira ACM, Mello CS. Premature birth, low birth weight, small
for gestational age and chronic non-communicable diseases in
adult life: a systematic review with meta-analysis. Early Hum Dev.
2020;149:105154. https://doi.org/10.1016/j.earlhumdev.2020.105
154.

7 Sacchi C, Marino C, Nosarti C, Vieno A, Visentin S, Simonelli A.
Association of intrauterine growth restriction and small for gesta-
tional age status with childhood cognitive outcomes: a systematic
review and meta-analysis. JAMA Pediatr. 2020;174(8):772–781.
https://doi.org/10.1001/jamapediatrics.2020.1097.

8 Kim YJ, Shin SH, Lee ES, et al. Impact of size at birth and postnatal
growth on metabolic and neurocognitive outcomes in prematurely
born school-age children. Sci Rep. 2021;11(1):6836. https://doi.org/
10.1038/s41598-021-86292-1.

9 Ludvigsson JF, Lu D, Hammarström L, Cnattingius S, Fang F.
Small for gestational age and risk of childhood mortality: a Swedish
population study. PLoS Med. 2018;15(12):e1002717. https://doi.org/
10.1371/journal.pmed.1002717.

10 World Health Organization. Newborn mortality. https://www.who.
int/news-room/fact-sheets/detail/levels-and-trends-in-child-mortality-
report-2021. Accessed November 29, 2022.

11 Lawn JE, Ohuma EO, Bradley E, et al. Small babies, big risks: global
estimates of prevalence and mortality for vulnerable newborns to
accelerate change and improve counting. Lancet. 2023;
401(10389):1707–1719. https://doi.org/10.1016/S0140-6736(23)00
522-6.

12 Calvert C, Brockway M, Zoega H, et al. Changes in preterm birth
and stillbirth during COVID-19 lockdowns in 26 countries. Nat
Hum Behav. 2023;7:529–544. https://doi.org/10.1038/s41562-023-
01522-y.

13 Derraik JGB, Maessen SE, Gibbins JD, Cutfield WS, Lundgren M,
Ahlsson F. Large-for-gestational-age phenotypes and obesity risk in
adulthood: a study of 195,936 women. Sci Rep. 2020;10(1):2157.
https://doi.org/10.1038/s41598-020-58827-5.

14 Ozawa J, Tanaka K, Kabe K, Namba F, Neonatal Research Network
of Japan. Impact of being large-for-gestational-age on neonatal
mortality and morbidities in extremely premature infants. Pediatr
Res. 2021;90(4):910–916. https://doi.org/10.1038/s41390-021-01
375-z.

15 Ashorn P, Ashorn U, Muthiani Y, et al. Small vulnerable newborns—
big potential for impact. Lancet. 2023;401(10389):1692–1706. https://
doi.org/10.1016/S0140-6736(23)00354-9.

16 Ashorn P, Black RE, Lawn JE, et al. Small vulnerable newborn se-
ries: science for a healthy start. Lancet. 2020;396(10253):743–745.
https://doi.org/10.1016/S0140-6736(20)31906-1.

17 Ministerio de Salud del Peru. Sistema de Registro del Certificado
de Nacido Vivo en Linea. Establecimientos de Salud Implementa-
dos [internet]. https://www.minsa.gob.pe/cnv/?op=5. Accessed
November 29, 2022.

18 Ministerio de Salud del Peru. Resolución Ministerial N.◦ 148-2012-
MINSA, que aprueba Directiva Administrativa que establece pro-
cedimiento para el registro de del Certificado de Nacido Vivo en
todos los establecimientos de salud. https://www.gob.pe/institu
cion/minsa/normas-legales/242447-148-2012-minsa. Accessed
November 29, 2022.

19 Ministerio de Salud del Peru. NTS N◦ 106-MINSA/DGSP-V.01:
“Norma técnica de salud para la atención integral de salud
neonatal”. https://cdn.www.gob.pe/uploads/document/file/320993/
Norma_t%C3%A9cnica_de_salud_para_la_atenci%C3%B3n_integral_
de_salud_neonatal__NTS_N%C2%BA_106-MINSADGSP-V.01__
R.M._N%C2%BA_828-2013MINSA20190613-19707-1kqvpmc.pdf?
v=1560469691. Accessed November 29, 2022.

20 Instituto Nacional de Estadística e Informática. Perú: Nacidos Vivos
de Madres Adolescentes, 2019-2021. https://www.inei.gob.pe/
media/MenuRecursivo/publicaciones_digitales/Est/Lib1864/libro.
pdf. Accessed December 12, 2023.

21 Instituto Nacional de Estadistica e Informatica. Microdatos
[internet]. http://iinei.inei.gob.pe/microdatos/. Accessed September
26, 2022.
22 The World Bank. World development indicators. https://data.
worldbank.org/indicator/SP.POP.TOTL?locations=PE. Accessed
September 7, 2022.

23 Alcalde-Rabanal J, Lazo-González O, Nigenda G. The health system
of Peru. Salud Publica Mex. 2011;53(2):S243–S254.

24 Vandenbroucke JP, von Elm E, Altman DG, et al. Strengthening the
reporting of observational studies in epidemiology (STROBE):
explanation and elaboration. Epidemiology. 2007;18(6):805–835.
https://doi.org/10.1097/EDE.0b013e3181577511.

25 Villar J, Giuliani F, Fenton TR, Ohuma EO, Ismail LC,
Kennedy SH. INTERGROWTH-21st very preterm size at birth
reference charts. Lancet. 2016;387(10021):844–845. https://doi.org/
10.1016/S0140-6736(16)00384-6.

26 The International Fetal and Newborn Growth Consortium for the
21st century. INTERGROWTH-21st. https://intergrowth21.tghn.
org/. Accessed September 26, 2022.

27 Villar J, Ismail LC, Victora CG, et al. International standards for
newborn weight, length, and head circumference by gestational age
and sex: the Newborn Cross-Sectional Study of the
INTERGROWTH-21st project. Lancet. 2014;384(9946):857–868.
https://doi.org/10.1016/S0140-6736(14)60932-6.

28 Chen Z-Q, Zhang G-C, Gong X-D, et al. Syphilis in China: results
of a national surveillance programme. Lancet. 2007;369(9556):132–
138. https://doi.org/10.1016/S0140-6736(07)60074-9.

29 Blencowe H, Krasevec J, de Onis M, et al. National, regional, and
worldwide estimates of low birthweight in 2015, with trends
from 2000: a systematic analysis. Lancet Glob Health.
2019;7(7):e849–e860. https://doi.org/10.1016/S2214-109X(18)
30565-5.

30 Ohuma EO, Moller A-B, Bradley E, et al. National, regional, and
global estimates of preterm birth in 2020, with trends from 2010: a
systematic analysis. Lancet. 2023;402(10409):1261–1271. https://
doi.org/10.1016/S0140-6736(23)00878-4.

31 Wibaek R, Andersen GS, Linneberg A, et al. Low birthweight is
associated with a higher incidence of type 2 diabetes over two
decades independent of adult BMI and genetic predisposition.
Diabetologia. 2023;66(9):1669–1679. https://doi.org/10.1007/s00
125-023-05937-0.

32 Yang F, Janszky I, Gissler M, et al. Preterm birth, small for
gestational age, and large for gestational age and the risk of atrial
fibrillation up to middle age. JAMA Pediatr. 2023;177(6):599–607.
https://doi.org/10.1001/jamapediatrics.2023.0083.

33 Mericq V, Martinez-Aguayo A, Uauy R, Iñiguez G, Van der
Steen M, Hokken-Koelega A. Long-term metabolic risk among
children born premature or small for gestational age. Nat Rev
Endocrinol. 2017;13(1):50–62. https://doi.org/10.1038/nrendo.2016.
127.

34 Carrillo-Larco RM, Cajachagua-Torres KN, Guzman-Vilca WC,
Quezada-Pinedo HG, Tarazona-Meza C, Huicho L. National and
subnational trends of birthweight in Peru: pooled analysis of 2,927,
761 births between 2012 and 2019 from the national birth registry.
Lancet Reg Health Am. 2021;1:100017. https://doi.org/10.1016/j.
lana.2021.100017.

35 Instituto Nacional de Estadistica e Informatica. Informe Técnico:
Evolución de la pobreza monetaria 2010-2021. https://www.inei.
gob.pe/media/MenuRecursivo/publicaciones_digitales/Est/pobreza
2021/Pobreza2021.pdf. Accessed August 15, 2023.

36 Carrasco-Escobar G, Manrique E, Tello-Lizarraga K, Miranda JJ.
Travel time to health facilities as a marker of geographical acces-
sibility across heterogeneous land coverage in Peru. Brief research
report. Front Public Health. 2020;8:498. https://doi.org/10.3389/
fpubh.2020.00498.

37 Burgos Ochoa L, Bertens LCM, Garcia-Gomez P, Van Ourti T,
Steegers EAP, Been JV. Association of neighbourhood socioeco-
nomic trajectories with preterm birth and small-for-gestational-age
in the Netherlands: a nationwide population-based study. Lancet
Reg Health Eur. 2021;10:100205. https://doi.org/10.1016/j.lanepe.
2021.100205.

38 Jardine J, Walker K, Gurol-Urganci I, et al. Adverse pregnancy
outcomes attributable to socioeconomic and ethnic inequalities in
England: a national cohort study. Lancet. 2021;398(10314):1905–
1912. https://doi.org/10.1016/S0140-6736(21)01595-6.

39 Grant ID, Giussani DA, Aiken CE. Fetal growth and spontaneous
preterm birth in high-altitude pregnancy: a systematic review,
meta-analysis, and meta-regression. Int J Gynecol Obstet.
2022;157(2):221–229. https://doi.org/10.1002/ijgo.13779.
www.thelancet.com Vol 31 March, 2024

https://doi.org/10.1016/S2214-109X(13)70006-8
https://doi.org/10.1016/S2214-109X(13)70006-8
https://doi.org/10.1016/S0140-6736(14)60496-7
https://doi.org/10.1016/j.earlhumdev.2020.105154
https://doi.org/10.1016/j.earlhumdev.2020.105154
https://doi.org/10.1001/jamapediatrics.2020.1097
https://doi.org/10.1038/s41598-021-86292-1
https://doi.org/10.1038/s41598-021-86292-1
https://doi.org/10.1371/journal.pmed.1002717
https://doi.org/10.1371/journal.pmed.1002717
https://www.who.int/news-room/fact-sheets/detail/levels-and-trends-in-child-mortality-report-2021
https://www.who.int/news-room/fact-sheets/detail/levels-and-trends-in-child-mortality-report-2021
https://www.who.int/news-room/fact-sheets/detail/levels-and-trends-in-child-mortality-report-2021
https://doi.org/10.1016/S0140-6736(23)00522-6
https://doi.org/10.1016/S0140-6736(23)00522-6
https://doi.org/10.1038/s41562-023-01522-y
https://doi.org/10.1038/s41562-023-01522-y
https://doi.org/10.1038/s41598-020-58827-5
https://doi.org/10.1038/s41390-021-01375-z
https://doi.org/10.1038/s41390-021-01375-z
https://doi.org/10.1016/S0140-6736(23)00354-9
https://doi.org/10.1016/S0140-6736(23)00354-9
https://doi.org/10.1016/S0140-6736(20)31906-1
https://www.minsa.gob.pe/cnv/?op=5
https://www.gob.pe/institucion/minsa/normas-legales/242447-148-2012-minsa
https://www.gob.pe/institucion/minsa/normas-legales/242447-148-2012-minsa
https://cdn.www.gob.pe/uploads/document/file/320993/Norma_t%C3%A9cnica_de_salud_para_la_atenci%C3%B3n_integral_de_salud_neonatal__NTS_N%C2%BA_106-MINSADGSP-V.01__R.M._N%C2%BA_828-2013MINSA20190613-19707-1kqvpmc.pdf?v=1560469691
https://cdn.www.gob.pe/uploads/document/file/320993/Norma_t%C3%A9cnica_de_salud_para_la_atenci%C3%B3n_integral_de_salud_neonatal__NTS_N%C2%BA_106-MINSADGSP-V.01__R.M._N%C2%BA_828-2013MINSA20190613-19707-1kqvpmc.pdf?v=1560469691
https://cdn.www.gob.pe/uploads/document/file/320993/Norma_t%C3%A9cnica_de_salud_para_la_atenci%C3%B3n_integral_de_salud_neonatal__NTS_N%C2%BA_106-MINSADGSP-V.01__R.M._N%C2%BA_828-2013MINSA20190613-19707-1kqvpmc.pdf?v=1560469691
https://cdn.www.gob.pe/uploads/document/file/320993/Norma_t%C3%A9cnica_de_salud_para_la_atenci%C3%B3n_integral_de_salud_neonatal__NTS_N%C2%BA_106-MINSADGSP-V.01__R.M._N%C2%BA_828-2013MINSA20190613-19707-1kqvpmc.pdf?v=1560469691
https://cdn.www.gob.pe/uploads/document/file/320993/Norma_t%C3%A9cnica_de_salud_para_la_atenci%C3%B3n_integral_de_salud_neonatal__NTS_N%C2%BA_106-MINSADGSP-V.01__R.M._N%C2%BA_828-2013MINSA20190613-19707-1kqvpmc.pdf?v=1560469691
https://www.inei.gob.pe/media/MenuRecursivo/publicaciones_digitales/Est/Lib1864/libro.pdf
https://www.inei.gob.pe/media/MenuRecursivo/publicaciones_digitales/Est/Lib1864/libro.pdf
https://www.inei.gob.pe/media/MenuRecursivo/publicaciones_digitales/Est/Lib1864/libro.pdf
http://iinei.inei.gob.pe/microdatos/
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=PE
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=PE
http://refhub.elsevier.com/S2667-193X(24)00022-X/sref23
http://refhub.elsevier.com/S2667-193X(24)00022-X/sref23
https://doi.org/10.1097/EDE.0b013e3181577511
https://doi.org/10.1016/S0140-6736(16)00384-6
https://doi.org/10.1016/S0140-6736(16)00384-6
https://intergrowth21.tghn.org/
https://intergrowth21.tghn.org/
https://doi.org/10.1016/S0140-6736(14)60932-6
https://doi.org/10.1016/S0140-6736(07)60074-9
https://doi.org/10.1016/S2214-109X(18)30565-5
https://doi.org/10.1016/S2214-109X(18)30565-5
https://doi.org/10.1016/S0140-6736(23)00878-4
https://doi.org/10.1016/S0140-6736(23)00878-4
https://doi.org/10.1007/s00125-023-05937-0
https://doi.org/10.1007/s00125-023-05937-0
https://doi.org/10.1001/jamapediatrics.2023.0083
https://doi.org/10.1038/nrendo.2016.127
https://doi.org/10.1038/nrendo.2016.127
https://doi.org/10.1016/j.lana.2021.100017
https://doi.org/10.1016/j.lana.2021.100017
https://www.inei.gob.pe/media/MenuRecursivo/publicaciones_digitales/Est/pobreza2021/Pobreza2021.pdf
https://www.inei.gob.pe/media/MenuRecursivo/publicaciones_digitales/Est/pobreza2021/Pobreza2021.pdf
https://www.inei.gob.pe/media/MenuRecursivo/publicaciones_digitales/Est/pobreza2021/Pobreza2021.pdf
https://doi.org/10.3389/fpubh.2020.00498
https://doi.org/10.3389/fpubh.2020.00498
https://doi.org/10.1016/j.lanepe.2021.100205
https://doi.org/10.1016/j.lanepe.2021.100205
https://doi.org/10.1016/S0140-6736(21)01595-6
https://doi.org/10.1002/ijgo.13779
www.thelancet.com/digital-health


Articles
40 Giussani DA, Phillips PS, Anstee S, Barker DJP. Effects of altitude
versus economic status on birth weight and body shape at birth.
Pediatr Res. 2001;49(4):490–494. https://doi.org/10.1203/00006450-
200104000-00009.

41 Amjad S, MacDonald I, Chambers T, et al. Social determinants of
health and adverse maternal and birth outcomes in adolescent
pregnancies: a systematic review and meta-analysis. Paediatr Peri-
nat Epidemiol. 2019;33(1):88–99. https://doi.org/10.1111/ppe.
12529.

42 World Health Organization. The Network for Improving Quality of
Care for Maternal, Newborn and Child Health (Quality of Care
Network). The Department of Maternal, Newborn, Child and
www.thelancet.com Vol 31 March, 2024
Adolescent Health (MCA). https://www.who.int/groups/Quality-of-
care-network. Accessed December 18, 2023.

43 Quezada-Pinedo HG, Cajachagua-Torres KN, Guzman-Vilca WC,
Tarazona-Meza C, Carrillo-Larco RM, Huicho L. Flat trend of high
caesarean section rates in Peru: a pooled analysis of 3,376,062
births from the national birth registry, 2012 to 2020. Lancet Reg
Health Am. 2022;12:100293. https://doi.org/10.1016/j.lana.2022.
100293.

44 Pan American Health Organization. Tool for promoting culturally
safe childbirth: basic manual. Procedures, manuals, guidelines.
PAHO. https://iris.paho.org/handle/10665.2/57116. Accessed
December 12, 2023.
13

https://doi.org/10.1203/00006450-200104000-00009
https://doi.org/10.1203/00006450-200104000-00009
https://doi.org/10.1111/ppe.12529
https://doi.org/10.1111/ppe.12529
https://www.who.int/groups/Quality-of-care-network
https://www.who.int/groups/Quality-of-care-network
https://doi.org/10.1016/j.lana.2022.100293
https://doi.org/10.1016/j.lana.2022.100293
https://iris.paho.org/handle/10665.2/57116
www.thelancet.com/digital-health

	Vulnerable newborn phenotypes in Peru: a population-based study of 3,841,531 births at national and subnational levels from ...
	Introduction
	Methods
	Data sources
	Study design and study settings
	Study population
	Definitions
	Statistical analysis
	Ethics
	Role of founding source

	Results
	Study population characteristics
	Geographical trends
	Time trends
	Socioeconomic and geographic inequalities (ecological analysis)

	Discussion
	Main findings
	Strengths and limitations
	Potential explanations
	Public health implications

	Conclusions
	ContributorsAll authors conceived the research question and analysis plan. KNC-T pooled and prepared the data. KNC-T, HGQ-P ...
	Data sharing statementAll data analysed in this study are openly accessible and can be requested from the Ministry of Healt ...
	Declaration of interests
	Acknowledgements
	Appendix A. Supplementary data
	References


