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a b s t r a c t 

Background: National and subnational characterization of birthweight profiles lacks in low- and middle- 

income countries, yet these are needed for monitoring the progress of national and global nutritional 

targets. We aimed to describe birthweight indicators at the national and subnational levels in Peru (2012- 

2019), and by selected correlates. 

Methods: We studied mean birthweight (g), low birthweight ( < 2,500 g) and small for gestational age 

(according to international growth curves) prevalences. We analysed the national birth registry and sum- 

marized the three birthweight indicators at the national, regional, and province level, also by geographic 

area (Coast, Highlands, and Amazon). With individual-level data from the mother, we described the birth- 

weight indicators by age, educational level and healthcare provider. Following an ecological approach 

(province level), we described the birthweight indicators by human development index (HDI), altitude 

above sea level, proportion of the population living in poverty and proportion of rural population. 

Findings: Mean birthweight was always the lowest in the Highlands (2,954 g in 2019) yet the highest in 

the Coast (3,516 g in 2019). The same was observed for low birthweight and small for gestational age. 

In regions with Coast and Highlands, the birthweight indicators worsen from the Coast to the Highlands; 

the largest absolute difference in mean birthweight between Coast and Highlands in the same region 

was 367 g. All birthweight indicators were the worst in mothers with none/initial education, while they 

improved with higher HDI. 

Interpretation: This analysis suggests that interventions are needed at the province level, given the large 

differences observed between Coast and Highlands even in the same region. 
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RESEARCH IN CONTEXT 

Evidence before this study 
We searched PubMed on April 4 th , 2021 with no language 

or date restrictions. The search strategy was: (("mean birth- 
weight") OR ("low birthweight") OR ("small for gestational 
age")) AND ("national" OR "subnational") AND ("trends"). The 
search yielded 230 results, though we could not find publi- 
cations which main or only objective was to study national 
and subnational time trends of mean birthweight, low birth- 
weight prevalence and small for gestational age prevalence 
simultaneously. One global work studied the mean birth- 
weight for all countries, and there were some relevant ex- 
amples from a few countries like Chile and Brazil. National 
and subnational trends of birthweight indicators for Peru, and 

other low- and middle-income countries, were scarce. 
Added value of this study 
We analysed the Peruvian birth registry including obser- 

vations between 2012 and 2019. We studied three birth- 
weight indicators at the region and province levels in Peru; 
that is, we provided estimates with great granularity. We 
have highlighted strong subnational inequalities character- 
ized by poor birthweight indicators in the Highlands, which 

also concentrates large poor and rural populations living at 
high altitude. None of the three indicators improved substan- 
tially between 2012-2019. These findings could also apply to 
other countries with a similar geographic, epidemiological, 
and sociodemographic profile, for example those in Andean 

Latin America. We expect that our work will spark interest 
in other countries and international health organizations to 
maximize the use of national birth registries to provide solid 

evidence to improve maternal and neonatal outcomes. 
Implications of all the available evidence 
Despite great improvement in maternal and neonatal 

health indicators globally (e.g., neonatal and under-five mor- 
tality), evidence on birthweight indicators at the national 
and subnational levels is limited and national time trends 
are harder to find. Our work contributes to close the gap, 
while signalling key areas in Peru where birthweight indica- 
tors need urgent attention, like places in the Highlands and 

with the worst socioeconomic indicators. Our results could 

apply to other countries and should receive attention by lo- 
cal and international health organizations. 

. Introduction 

Even though low birthweight has been associated with poor so- 

iodemographic and health outcomes during childhood and ado- 

escence [1–7] as well as in adulthood, [ 6 , 8–28 ] mean birthweight

nd the prevalence of low birthweight and small for gestational 

ge have not been well characterized globally nor at the national 

nd subnational levels. Furthermore, their geographic and time 

rends have been poorly studied. Some countries have evidence 

rom systematic reviews, [29-31] and others have studied few cities 

32] or sub-populations [33] with interest on different outcomes 

nd correlates according to data availability. [34–37] There exists 

nly one global endeavour that studied birthweight in all countries 

nd territories; [38] nonetheless, evidence from low- and middle- 

ncome countries was limited precluding them to deliver solid ev- 

dence to monitor birthweight indicators along with time trends 

nd subnational profiles. 

Countries need accurate and current estimates of birthweight 

ndicators to assess their progression towards global (e.g., WHO 

lobal Nutrition Targets of 30% reduction in low birthweight by 

025 [39] and national goals. High-quality and granular data are 

eeded to monitor the progress of low birthweight reduction glob- 

lly, particularly to accurately assess the prevalence of new-born 

ndicators in low- and middle-income countries. Evidence- and 
2 
ata-based interventions are available and frequently implemented 

o achieve the Global Nutrition World Health Assembly targets; 

owever, these interventions may not work as expected in coun- 

ries with diverse populations. Therefore, subnational trends can 

rovide unique information to identify limitations on the imple- 

entation of current policies; similarly, subnational evidence offer 

he opportunity to focus resources to places where non-optimal in- 

icators have remained steady for several years or may have wors- 

ned. 

To provide this evidence for Peru, we analysed national birth 

egistries between 2012 and 2019, and studied trends in mean 

irthweight and prevalence estimates of low birthweight and small 

or gestational age at the national and subnational levels; we also 

escribed the birthweight indicators by sociodemographic vari- 

bles that have been well described in the literature. We provide 

nique evidence for national (e.g., Ministry of Health) and interna- 

ional (e.g., UNICEF) organizations working to improve birthweight 

n Peru, for which information at great granularity is needed and 

erein provided. 

. Methods 

.1. Data sources 

This is a descriptive analysis. We analysed data of the Online 

ive Birth Certificate Registration System ( Sistema de Registro del 

ertificado de Nacido Vivo in Spanish) in Peru between 2012 and 

019. [ 40 , 41 ] This system was implemented in March 2012, covers 

ll the country, and includes information from all healthcare sys- 

ems (e.g., public and private). [40] It records all newborns right af- 

er birth and collects information about the mother (e.g., age and 

ducational attainment), the newborn (e.g., sex and birthweight), 

nd the pregnancy (e.g., gestational age). [40] The coverage of this 

ystem has improved since 2012, covering 12% in 2012, 37% in 

013, 53% in 2014, 72% in 2015, 80% in 2016, 84% in 2017 and 88%

n 2018 of all projected births in Peru. [42] Data can be accessed 

pon request from the Ministry of Health. 

.2. Study setting 

According to the World Bank as of 2019, Peru is an upper- 

iddle income country with a gross domestic product of US$227 

illion, a population of 32.5 million people and a life expectancy 

t birth of 76 years. Peru, located in South America, shares bor- 

ers with the Pacific Ocean, Ecuador, Colombia, Brazil, Bolivia, 

nd Chile. Peru is subdivided in three geographic levels: region > 

rovince > district. We summarised our findings at the region and 

rovince levels. Results were not summarised at the district level 

ecause in some of them there were very few births and there 

as large variability across districts, which would have prevented 

s from reaching meaningful conclusions. Peru is also divided in 

hree natural geographic regions, namely Coast (next to the Pacific 

cean), Highlands (crossed by the Andes) and Amazon (rainforest 

ext to Brazil). We also used these geographic areas to charac- 

erize the outcome variables. Peru has a tiered healthcare system. 

43] The SIS ( Seguro Integral de Salud in Spanish), which is run by 

he Ministry of Health, provides care for ~60% of the population 

nd mainly targets people with limited financial resources; this 

s equivalent to the national funded model (Beveridge). [44] ES- 

ALUD, which is run by the Ministry of Labour, provides care for 

eople formally employed; this is equivalent to the social insur- 

nce model (Bismarck). [44] There are also private health insurance 

roviders, which are commonly used by better-off people. 
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.3. Study population 

We conducted a complete-case analysis. In order to secure data 

uality, we applied the following cleaning criteria and plausibil- 

ty ranges: i) excluded observations with birthweight below 500 

 or above 5,500 g; ii) excluded observations with gestational age 

utside the range of 22-44 weeks; and iii) excluded observations 

n which maternal age was < 9 years. When summarizing the re- 

ults at the province level only, those provinces with fewer than 

0 births were further excluded; we considered this threshold for 

ata quality control because fewer than 30 births per year could 

e implausible at the province level, which is not the smallest ad- 

inistrative unit in Peru. 

.4. Definitions 

We studied three outcomes: i) mean birthweight (in grams, 

); ii) low birthweight ( < 2,500 g); and iii) small for gestational 

ge (below the 10 th percentile). We used reference international 

rowth curves. [45] These curves do not consider newborns < 24 

eeks of gestational age or ≥43 weeks; therefore, newborns out- 

ide this gestational age range were not included in the small for 

estational age estimates. Birthweight and gestational age were 

ecorded at the time of birth by health professionals. 

We described the outcome variables in relation to time (i.e., 

ear of birth) and geographic levels (i.e., region and province). Sex 

f the newborn was also used to describe the outcomes. More- 

ver, we presented the outcomes in relation to maternal educa- 

ional attainment (none/initial, any primary education, incomplete 

econdary and complete secondary/higher education), and health 

nsurance provider (SIS, ESSALUD and private). 

Following an ecological approach at the region and province 

evels, we also described the outcome variables in relation to 

uman development index (HDI, in 2019), [46] altitude above 

ea level (in meters), [46] proportion of the population living in 

overty (presented as percentage, in 2018), [46] and proportion 

f people living in rural areas (presented as percentage, in 2017). 

47] These four ecological variables were retrieved from national 

tatistics at the province level. Because of lack of most recent data 

or population living in poverty and in rural areas, we assumed 

hat these variables belonged to the year 2019.The ecological anal- 

sis was conducted for the year 2019 only. 

.5. Statistical analysis 

First, birthweight was summarised as mean along with the 95% 

onfidence interval (95% CI). The prevalence of low birthweight 

nd small for gestational age was summarized as percentages, also 

ith 95% CI. Clopper–Pearson exact CI was used for estimating the 

onfidence intervals with PropCIs package within the R software, 

ersion 4.0.2. We used maps and time trend plots to characterize 

he spatial and temporal profiles of the three outcome variables. 

econd, we used equiplots to illustrate the differences in the out- 

ome variables in terms of the three selected individual-level co- 

ariables: maternal education, age of the mother and health insur- 

nce provider. Third, we used scatterplots to show the relationship 

etween the outcome variables and the selected determinants at 

he province level (ecological analysis); the scatterplots included 

he Pearson’s correlation coefficient and p-value. The Pearson’s cor- 

elation coefficient was not meant to inform about the magnitude 

f the association between the variables, but to rather serve as an 

id to identify potential lineal patterns. Overall, this work is a de- 

criptive analysis, thus the equiplots, scatterplots and the Pearson’s 

orrelation coefficients are used in a descriptive way rather than to 

ignal or quantify the magnitude of the association between pre- 
3 
ictors and outcomes. We used R (version 4.0.2) for the analyses 

nd figures. 

.6. Ethics 

This work was waved of ethical approval by the Ethics Commit- 

ee at Universidad Peruana Cayetano Heredia (UPCH), Lima, Peru. 

ole of funding source 

The funder of the study had no role in study design, data col- 

ection, data analysis, data interpretation, or writing of the report. 

ll authors had full access to the data in the study. All authors 

ollectively had final responsibility for the decision to submit for 

ublication and vouch for the data accuracy. The authors alone are 

esponsible for the opinions in the manuscript, which do not nec- 

ssarily represent those of their institutions. 

. Results 

.1. Study population 

The registry originally included 2,933,482 births between 2012 

nd 2019. After applying our selection criteria, we included 

,927,761 births in the analysis (Supplementary Figure 1). Of these, 

1.2% were boys and the mean gestational age was 38.7 weeks 

standard deviation (SD) = 1.7). On average, mothers were be- 

ow thirty years of age (mean = 27.7 years, SD = 6.9). Most 

irths (98.2%) were singletons and 1.8% was double births. Simi- 

arly, 99.1% of all births occurred in a health facility and 0.6% were 

omiciliary ( Table 1 ). 

.2. Geographical trends 

We observed consistently across years that mean birthweight 

as the lowest in the Highlands, while the highest means were 

ound in the Coast ( Figure 1 , Supplementary Figure 6 and Table 2 ).

urthermore, in regions with both Coast and Highlands, the mean 

irthweight decreased from the Coast to the Highlands. For exam- 

le, in 2019, in the Ancash region, Sihuas had the lowest mean 

irthweight (3,004 g (IC 95%: 2,954 g – 3,055 g); Highlands) whilst 

uarmey had the highest (3,371 g (IC 95%: 3,319 g – 3,424 g); 

oast); that is, a 367 g difference although both provinces belong 

o the same region (~354 km apart). 

Regarding low birthweight prevalence, we observed a similar 

rofile: higher prevalence estimates in the Highlands than in the 

oast; also, in regions with both Coast and Highlands, provinces 

n the Highlands performed worse ( Figure 1 , Supplementary Fig- 

re 6 and Table 2 ). In regions with both Coast and Highlands, the 

egion with the highest difference in low birthweight prevalence 

n 2019 was Ancash, where the lowest prevalence was in Huarmey 

1.0% (IC 95%: 0.3% – 3.4%); Coast), whilst the highest was in Anto- 

io Raymondi (11.4% (IC 95%: 5.9% – 21.0%); Highlands); although 

hese are in the same region (~262 km apart), the prevalence was 

en-fold (11.4% vs 1.0%) in Antonio Raymondi than in Huarmey. 

Regarding the prevalence of small for gestational age, we ob- 

erved a similar profile as for low birthweight; however, the mag- 

itude of the prevalence estimates was higher for small for gesta- 

ional age ( Figure 1 , Supplementary Figure 6 and Table 2 ). In some

egions with both Coast and Highlands, the prevalence of small for 

estational age was higher in the Highlands. For instance, in 2019 

n La Libertad region the lowest prevalence was in Viru (2.1% (IC 

5%: 1.4% – 3.0%); Coast), and the highest prevalence was in Jul- 

an (13.0% (IC 95%: 9.3% – 17.9%); Highlands); despite being in the 

ame region (~70 km apart), there was a 6-fold difference between 

hese two provinces. 
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Table 1 

Characteristics of the study population by year 

Year 2012 2013 2014 2015 2016 2017 2018 2019 

Sample size 72,849 214,687 307,833 416,995 459,355 479,186 492,827 484,029 

Girls 48.6% 48.7% 48.7% 48.8% 48.8% 48.9% 48.9% 48.8% 

Gestational age [mean (standard deviation)], weeks 38.8 (1.9) 38.8 (1.8) 38.8 (1.7) 38.7 (1.7) 38.7 (1.7) 38.7 (1.7) 38.7 (1.7) 38.6 (1.7) 

Gestational age [10 th – 50 th – 90 th percentile], weeks 37-39-40 37-39-40 37-39-40 37-39-40 37-39-40 37-39-40 37-39-40 37-39-40 

Maternal age [mean (standard deviation)], 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) 28.0 (6.9) 28.1 (6.9) 

Singleton–multiple status 

Singleton 97.6% 97.8% 98.0% 98.1% 98.2% 98.3% 98.3% 98.3% 

Double 2.3% 2.2% 2.0% 1.8% 1.8% 1.7% 1.7% 1.7% 

Three or more 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Place of birth 

House 0.2% 0.1% 0.2% 0.4% 0.6% 0.8% 0.7% 0.8% 

Healthcare centre 99.7% 99.8% 99.6% 99.2% 99.0% 98.9% 98.9% 99.0% 

Other 0.0% 0.1% 0.2% 0.4% 0.4% 0.4% 0.4% 0.2% 

Mean birthweight (g) 3,287 3,273 3,270 3,260 3,258 3,261 3,268 3,262 

Low birth weight prevalence (%) 6.9 6.7 6.4 6.4 6.2 6.1 6.0 6.2 

Small for gestational age prevalence (%) 5.5 5.8 5.8 5.8 5.4 5.4 5.2 5.2 

Figure 1. Geographic profile of mean birthweight (A), low birthweight prevalence (B) and small for gestational age prevalence (C) in Peru 2019. 

Colours indicate the mean or prevalence estimates. The size of the grey bubbles indicates the number of registered births, i.e., the study population or the denominator for 

prevalence estimates. Both colours and bubbles are at the province level. The dark black lines indicate the boundaries of the regions; NB Peru is divided in regions and these 

into provinces. Maps for all years in the study period are available in Supplementary Materials. 
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.3. Time trends 

Overall, the three birthweight indicators did not change sub- 

tantially ( Figure 2 A and Table 1 ). Mean birthweight changed from 

,287 g in 2012 to 3,262 g in 2019. The prevalence of low birth-

eight went from 6.9% in 2012 to 6.2% in 2019; these numbers for 

mall for gestational age were 5.5% and 5.2%, respectively. Mean 

irthweight was higher in boys, yet the prevalence of low birth- 

eight was higher in girls; the prevalence of small for gestational 

ge was virtually the same for boys and girls ( Figure 2 A). 

When the mean birthweight, and prevalence of low birthweight 

nd small for gestational age were split by natural region (i.e., 

oast, Highlands and Amazon), the Coast had the best metrics 

cross birthweight indicators and years ( Figure 2 B). Mean birth- 

eight was consistently very similar between the Highlands and 

he Amazon, except for the last year when the Amazon performed 

lightly worse. Since 2016 the prevalence of low birth weight and 

mall for gestational age was marginally higher in the Amazon 

han in the Highlands ( Figure 2 B). 

The mean birthweight in most of the twenty-five regions in 

eru showed a flat time trend, particularly in the last five years 

Supplementary Figure 2). The top three largest increases were ob- 

erved in Cajamarca (2,919 g in 2012 and 3,120 g in 2019), Pasco 

2,918 g in 2013 and 3,079 g in 2019) and San Martin (3,148 g 
4 
n 2012 and 3,231 g in 2019). Less often did we observe regions 

here the mean birthweight decreased: Tumbes (3,397 g in 2012 

nd 3,282 g in 2019), Ancash (3,322 g in 2013 and 3,238 g in 

019), and Ucayali (3,248 g in 2012 and 3,179 g in 2019). Across 

ll twenty-five regions the mean birthweight was higher in boys 

Supplementary Figure 2). 

The prevalence of low birthweight remained stable or decreased 

lightly across the twenty-five regions (Supplementary Figure 3). 

he regions where we observed the largest decrease were Caja- 

arca (16.6% in 2012 to 8.2% in 2019), San Martin (12.0% in 2013 to 

.2% in 2019) and La Libertad (10.9% in 2012 to 6.2% in 2019). Con- 

ersely, we observed a marginal increase in Callao (4.9% in 2012 to 

.7% in 2019) and Ucayali (6.5% in 2013 to 7.7% in 2019). Although 

he difference was negligible, the prevalence of low birthweight 

as slightly higher in girls than boys (Supplementary Figure 3). 

The prevalence of small for gestational age has not changed 

ubstantially throughout Peru (Supplementary Figure 4). The re- 

ions where we observed the largest decrease were Cajamarca 

14.9% in 2012 to 9.1% in 2019), Junin (12.6% in 2013 to 8.0% in 

019) and San Martin (10.2% in 2013 to 5.8% in 2019). A negligible 

ncrease in the prevalence of small for gestational age was found in 

cayali (8.2% in 2013 to 8.7 % in 2019) and Ancash (5.2% in 2014 to

.3% in 2019). The prevalence figures were almost identical in boys 

nd girls (Supplementary Figure 4). 
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Table 2 

Provinces with the lowest and highest mean birthweight across years and lowest and highest prevalence of low birthweight and small for gestational age across years. 

2012 2013 2014 2015 2016 2017 2018 2019 

Mean birthweight (g) 

Lowest Cajamarca 

(Highlands) 

2,919 

(2,886–2,953) 

Pasco 

(Highlands) 

2,918 

(2,823–3,013) 

Hualgayoc 

(Highlands) 

2,874 

(2,697–3,051) 

Sihuas 

(Highlands) 

2,893 

(2,831–2,956) 

Antabamba 

(Highlands) 

2,925 

(2,787–3,063) 

Castrovirreyna 

(Highlands) 

2,903 

(2,831–2,976) 

Pasco 

(Highlands) 

2,986 

(2,967–3,005) 

Lauricocha 

(Highlands) 

2,954 

(2,893–3,015) 

Highest Tacna (Coast) 

3,427 

(3,372–3,481) 

Ilo (Coast) 

3,537 

(3,499–3,574) 

Tacna (Coast) 

3,533 

(3,517–3,549) 

Islay (Coast) 

3,506 

(3,467–3,545) 

Islay (Coast) 

3,545 

(3,503–3,587) 

Ilo (Coast) 

3,507 

(3,479–3,534) 

Islay (Coast) 

3,526 

(3,479–3,573) 

Islay (Coast) 

3,516 

(3,472–3,560) 

Low birthweight prevalence (%) 

Lowest Ayabaca 

(Highlands) 1.9 

(0.6–5.3) 

Ascope (Coast) 

0.6 (0.0–3.3) 

Islay (Coast) 

0.4 (0.0–2.1) 

Caraveli (Coast) 

1.1 (0.3–3.8) 

Islay (Coast) 

0.5 (0.1–1.7) 

Caylloma 

(Highlands) 0.9 

(0.6–1.6) 

Islay (Coast) 

0.8 (0.3–2.4) 

Caraveli (Coast) 

0.8 (0.0–4.6) 

Highest Cajamarca 

(Highlands) 

16.6 

(14.6–18.8) 

Cajamarca 

(Highlands) 

15.8 

(14.7–17.0) 

Datem del 

Marañon 

(Amazon) 14.1 

(9.3–20.8) 

Cajamarca 

(Highlands) 

12.8 

(12.0–13.6) 

Pasco 

(Highlands) 

12.3 

(11.1–13.7) 

Gran Chimu 

(Highlands) 

12.8 

(7.5–21.0) 

Cajamarca 

(Highlands) 

12.9 

(12.1–13.6) 

San Miguel 

(Highlands) 

15.5 

(10.6–22.2) 

Small for gestational age (%) 

Lowest Tacna (Coast) 

2.0 (1.1–3.8) 

Bongara 

(Amazon) 1.3 

(0.0–7.0) 

Tacna (Coast) 

1.7 (1.3–2.1) 

Islay (Coast) 

1.7 (0.9–3.4) 

Huallaga 

(Amazon) 1.5 

(0.5–4.3) 

Manu 

(Amazon) 0.8 

(0.0–4.5) 

Huarmey 

(Coast) 0.9 

(0.0–4.9) 

Islay (Coast) 

0.3 (0.0–1.6) 

Highest Ayabaca 

(Highlands) 

15.5 

(10.7–21.9) 

Pasco 

(Highlands) 

18.4 

(12.1–27.0) 

Hualgayoc 

(Highlands) 

22.9 

(12.1–39.0) 

Sihuas 

(Highlands) 

19.5 

(14.7–25.4) 

Sucre 

(Highlands) 

19.2 

(10.8–31.0) 

Lauricocha 

(Highlands) 

18.2 

(13.5–24.0) 

Grau 

(Highlands) 

16.9 

(10.5–26.0) 

Marañon 

(Highlands) 

20.8 

(15.8–26.8) 

Results are presented as mean or prevalence estimate along with the 95% confidence interval (95% CI) . 

Figure 2. National time trends of mean birthweight, low birthweight prevalence and small for gestational age prevalence in Peru between 2012 and 2019, by sex (A) and 

natural region (B). 

Point estimates are shown along with the 95% confidence intervals. 
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Figure 3. Equiplots of mean birthweight, low birthweight prevalence and small for gestational age prevalence according to maternal educational attainment (A), health 

insurance provider (B) and maternal age (C). 

The size of the bubbles is relative to the number of births. 
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.4. Equiplots and ecological analysis 

We disaggregated the national information of three outcomes of 

ur interest to examine the inequalities over time by maternal ed- 

cation, health insurance and age of the mother ( Figure 3 ). Moth- 

rs with completed secondary education or higher education had 

abies with higher birthweight, while mothers with none or initial 

ducation had babies with lower birthweight across the study pe- 

iod ( Figure 3 A). Mothers with complete secondary or higher ed- 

cation had a smaller prevalence of babies with low birthweight 

nd small for gestational weight ( Figure 3 A); in a similar vein, 

others who received private or ESSALUD care had babies with 

igher mean birthweight and experienced a smaller frequency of 

ow birthweight and small for gestational age ( Figure 3 B). Across 

ears and birthweight indicators, mothers who were < 19 years 

f age had babies with the lowest mean birthweight and with 

he highest prevalence of small for gestational age; the preva- 

ence of low birthweight was also high amongst these mother, 

hough closely followed by mothers who were ≥36 years of age 

 Figure 3 C). 

The ecological analysis at the province level revealed similar 

ndings. There was a positive correlation of mean birthweight 

ith HDI, yet a negative correlation with altitude above sea level, 

overty, and proportion of people living in rural areas (Supplemen- 

ary Figure 5). The opposite pattern was observed with the preva- 

ence estimates. For example, there was a negative correlation be- 

ween small for gestational age and HDI, yet a positive correlation 

ith altitude above sea level, poverty, and proportion of people liv- 

ng in rural areas (Supplementary Figure 5). 

u

6 
. Discussion 

.1. Main results 

In an analysis of eight years of the national birth registry in 

eru, we did not observe substantial changes of time trends for 

ean birthweight, low birthweight prevalence and small for ges- 

ational age prevalence, at neither the national nor subnational 

evels. However, there were non-trivial geographic inequalities 

hereby provinces in the Highlands showed, consistently across 

ears, worse birthweight indicators than provinces in the Coast. 

ur results pinpoint geographical disparities regarding birthweight 

ndicators, which most likely occur in other low- and middle- 

ncome countries as well. Our work identified provinces that need 

rgent attention to improve birthweight indicators, i.e., those in 

he Highlands and with poor socioeconomic metrics. Interventions 

eed to be tailored to meet the needs of each province while ac- 

nowledging the local cultural, health access and epidemiological 

rofiles. 

.2. Strengths and limitations 

We benefited from a national registry of births spanning eight 

ears, which provided several relevant variables to describe trends 

n birthweight at the national and subnational levels in Peru. These 

irths occurred in all regions and public and private health ser- 

ices in the country, allowing us to consolidate as much variabil- 

ty as possible in terms of geographical, cultural, sociodemographic 

nd health access profiles. This work sets a milestone by providing 

seful estimates for researchers, local governments, policymakers, 
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nd organizations working to improve maternal and child health in 

eru, especially in disadvantaged settings. 

Nonetheless, we acknowledge limitations so that our findings 

an be interpreted accordingly. First, although all variables were 

egistered by health professionals, we cannot guarantee that they 

ll followed the same exact procedures and devices, for example, 

o estimate gestational age or to record birth weight, as it would 

ave occurred in a controlled epidemiological study. This is a com- 

on limitation when analysing administrative data. This potential 

imitation could have implications for cross-province comparisons. 

f a province has only one health facility where the quality of infor- 

ation is poor, this province’s estimates could be biased and affect 

omparative analyses across provinces. Another common limitation 

hen working with administrative data is the lack of some vari- 

bles. For example, we did not have information on whether the 

other was a current/former smoker. Had we conducted an ana- 

ytical work to quantify some associations and failed to adjusted 

or this (and other) variable, then this could have been an im- 

ortant limitation; nonetheless, this was a purely descriptive work 

n which the birthweight indicators were described by time, ge- 

graphy and some available socioeconomic variables. We do ac- 

nowledge there are some relevant correlates or risk factors that 

ould not be used to stratify our results because of data availabil- 

ty. Second, we did not present information for all provinces across 

he observation period because the national registry has been im- 

lemented at a different pace throughout the country (hence the 

arger number of missing provinces in early years). This means that 

e cannot deliver estimates for all provinces in Peru, but, partic- 

larly for the last five years, we have covered most of the coun- 

ry pinpointing inequalities and signalling where interventions are 

ost needed. It is also possible that some births that occurred at 

ome, particularly in rural and remote areas, were missed from 

he registry. However, this registration system works hard to com- 

lement the online registration with manual entries; nonetheless, 

hese manual entries clearly did not cover all provinces in early 

ears of the national registry. Still, there are probably some births 

ot included in the system, yet these should be few and should not 

ave introduced substantial bias to our mean and prevalence esti- 

ates. Third, had we aimed to study the strength of the associa- 

ion between the correlates and the birthweight indicators, clearly 

he Pearson’s correlation coefficient would have been an insuffi- 

ient association metric. This work was intended as a descriptive 

iece, whereby means and prevalences were described in relation 

o time, geography and according to the level of socioeconomic 

ariables. In this line, the Pearson’s correlation coefficient was pre- 

ented as a help to identify lineal relationships in the scatterplots 

nd whether these were positive or negative. The Pearson’s corre- 

ation coefficient was not used to quantify the magnitude of the 

ssociation. 

.3. Potential explanations 

We observed almost 50% reduction in the prevalence of low 

irthweight in some regions, like in Cajamarca, San Martin and La 

ibertad. One possible explanation is that these provinces are close 

ne another and they share access routes which can be used to 

ransfer high-risk women or those who need careful antenatal care. 

n La Libertad there are two maternal and child hospitals which 

ould provide antenatal care to women from Cajamarca and San 

artin. This is, of course, a bold hypothesis which deserves further 

nvestigation. Of note, there are no maternal and child hospitals in 

ajamarca or San Martin. 

Over the year there has been a decrease in the prevalence of 

ow birthweight and small for gestational age amongst user of pri- 

ate health services. Overall, the underlying idea is that users of 
7 
rivate services may have access to better care. Upon this general 

dea, we could draw two potential hypotheses. The first hypothesis 

s that, at the beginning of the study period, users of private ser- 

ices could afford this care but probably not a holistic care; that is, 

lthough women could afford a private clinic, they may not have 

he resources, knowledge or support to have a healthy pregnancy. 

he second hypothesis is that the quality of care provided by pri- 

ate health services has improved. Over the years the offer for pri- 

ate health services has increased substantially, and to keep com- 

etitive prices they needed to improve the quality of care provided, 

ecuring not only antenatal visits or institutional births but also 

omplementary services like nutritional counselling. 

The equiplots showed an inverse trend between the three 

irthweight indicators and maternal education, whereby mothers 

ith fewer education years had newborns with lower birthweight, 

hich is consistent with the literature. [48] Closely related, new- 

orns delivered in public health facilities showed worse birth- 

eight indicators. Presumably, mothers with low educational at- 

ainment would not have the resources to access private care, nor 

o secure a safe environment (e.g., adequate nutrition) for a healthy 

regnancy. Overall, these two correlates -healthcare provider and 

aternal education- are not independent from one another and 

eed structural changes to secure optimal antenatal care across 

ociodemographic strata. Undoubtedly, this is a multisectoral is- 

ue. For example, those working in healthcare could secure ade- 

uate antenatal care, those working with poor or vulnerable pop- 

lations could secure access to what mothers need for a healthy 

regnancy (e.g., diet, education, and prevention of acute diseases), 

nd those working in transportation could secure safe routes and 

eans to access timely antenatal and maternal healthcare, par- 

icularly in rural settings. [49] The equiplots also showed that 

he birthweight indicators would be worse for mothers aged < 19 

ears; this observation agrees with the literature on the subject. 

 50 , 51 ] Regarding low birthweight prevalence, the youngest moth- 

rs were closely followed by those aged 36 + years, which has 

lso been documented before. [52] Both extremes of the repro- 

uctive age are considered at risk for adverse birth outcomes, and 

he prevalence of adverse birth outcomes have kept similar along 

ime. 

In our ecological analysis at the province level we showed that 

DI was a protective factor against non-optimal birthweight in- 

icators, while high altitude above sea level, poverty and rurality 

ere risk factors for non-optimal birthweight indicators. These re- 

ults are in line with previous studies showing that remote rural 

reas of the Amazon and the Highlands lagged behind in terms of 

rogress achieved overtime by Peru for various neonatal and child 

ealth indicators. [53-56] Also, our findings mirror those retrieved 

t the individual-level. Altitude above sea level has been found to 

ave a negative correlation with birthweight. [57] Moreover, so- 

ioeconomic indicators in the Highlands are the worst in Peru (fol- 

owed by the Amazon and Coast). [58] Most likely, there is an 

nteraction effect between low socioeconomic status and altitude, 

hough is it difficult –and beyond the scope of this work– to dis- 

ntangle how much each of these contributes to poor birthweight 

ndicators. From a public health perspective, it would not possible 

o intervene on the altitude above sea level, but improving socioe- 

onomic conditions and access to maternal healthcare in these ar- 

as could be an alternative to improve birthweight indicators. Our 

ork showed where these interventions are urgently needed and 

herefore inform public health officers where they need to focus 

heir effort s. As hypothesized above regarding maternal education 

nd access to public healthcare, the fact that the Highlands host 

orse-off populations could explain the findings and are consistent 

ith the literature suggesting that maternal education, unemploy- 

ent and poverty are associated with undernutrition in early life. 
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59] The Health Equity Report 2016 showed wealth, rural/urban 

esidence and educational level as main factors influencing ma- 

ernal health access and birthweight indicators across Latin Amer- 

ca and the Caribbean. [60] Policies to secure homogenous ante- 

atal care and opportunities to experience a healthy pregnancy 

re needed across subnational borders in Peru and other low- and 

iddle-income countries, where geography should not be a syn- 

nym of poor healthcare access. 

.4. Public health implications 

Reducing the incidence of low birthweight may have positive 

ffects on the economy of LMICs. [61] There are several possible 

nterventions to improve birthweight, namely improving antena- 

al education [62] and nutrition during pregnancy. [62–65] Which 

s the most cost-effective, and which would render the best re- 

ults in the Peruvian subnational context remains unanswered, yet 

ur work provides arguments to justify this research and identi- 

ed places where these interventions are most needed; that is, 

rovinces in the Highlands and those with the worst sociodemo- 

raphic profiles. 

While the WHO Global Nutrition Targets established a 30% re- 

uction on low birthweight by 2025, in 26 countries in LAC low 

irthweight rates only decreased 0.4% during 15 years. [66] This 

uggests that it would be difficult to meet the target at the na- 

ional, and much more at the subnational level. To meet the WHO 

lobal Nutrition Targets, the WHO recommendations are divided 

nto country, community and personalized levels to take action to 

mprove pregnant women nutritional status, healthcare access and 

nvironment. [39] Our results identified communities (provinces 

n the Highlands) were these interventions are needed to improve 

irthweight indicators. 

The Peruvian JUNTOS programme, based on conditional cash 

ransfers targeting rural people in the poorest communities, has 

een reported to increase the probability to attend antenatal 

are appointments for enrolled pregnant women. [ 67 , 68 ] Our 

esults helped to identify provinces where the implementation 

f a programme like JUNTOS could be reinforced or tightened, 

long with other interventions to promote adequate antenatal 

are. 

Our results provide baseline information for future surveillance 

nd monitoring frameworks of birthweight indicators in Peru. With 

 national and subnational analysis of recent (eight years) trends, 

e delivered evidence to set realistic and tailored targets to im- 

rove birthweight indicators in the short- and mid-term, even at 

he province level. National health authorities (i.e., decision mak- 

rs), international organizations (e.g., UNICEF), and non-for-profit 

rganizations could use these results to identify places to conduct 

heir work to improve birthweight indicators; similarly, our results 

ould foster discussions and evaluations of where birthweight in- 

icators have not improved despite ongoing interventions. In this 

ine, the results stratified by natural region (i.e., Coast, Highlands 

nd Amazon) revealed an interesting finding that deserves care- 

ul consideration: the prevalence of low birthweight and small for 

estational age were slightly higher in the Amazon than in the 

ighlands. Overall, our results pinpointed that in the Highlands 

e found more provinces with the worst birthweight indicators; 

owever, in aggregate the Amazon and the Highlands are not far 

part showing high prevalence of unfavourable birthweight pro- 

les. Historically, the Highlands has been the region with worst 

ocio-economic indicators and often recipient of interventions. Our 

esults could suggest that the Amazon needs further care, and our 

nalysis showed which provinces in the Amazon may need priori- 

ization. 
8 
. Conclusions 

Peru has not experienced substantial changes in mean birth- 

eight, prevalence of low birthweight and prevalence of small for 

estational age between 2012 and 2019. Nonetheless, for these 

hree metrics there were strong geographic inequalities whereby 

laces in the Highlands performed worse than those in the Coast. 

his national and subnational analysis showed that interventions 

re most needed in the Highlands to improve poor birthweight 

rofiles observed since 2012 in Peru. 
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