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Abstract

Background: Linked datasets that enable longitudinal assessments are scarce in low
and middle-income countries.

Objectives: We aimed to assess the linkage of administrative databases of live births
and under-five child deaths to explore mortality and trends for preterm, small (SGA)
and large for gestational age (LGA) in Mexico.

Methods: We linked individual-level datasets collected by National statistics from
2008 to 2019. Linkage was performed based on agreement on birthday, sex, resi-
dential address. We used the Centre for Data and Knowledge Integration for Health
software to identify the best candidate pairs based on similarity. Accuracy was as-
sessed by calculating the area under the receiver operating characteristic curve. We
evaluated completeness by comparing the number of linked records with reported
deaths. We described the percentage of linked records by baseline characteristics to
identify potential bias. Using the linked dataset, we calculated mortality rate ratios
(RR) in neonatal, infants, and children under-five according to gestational age, birth-
weight, and size.

Results: For the period 2008-2019, a total of 24,955,172 live births and 321,165
under-five deaths were available for linkage. We excluded 1,539,046 records (6.2%)
with missing or implausible values. We succesfully linked 231,765 deaths (72.2%:
range 57.1% in 2009 and 84.3% in 2011). The rate of neonatal mortality was higher
for preterm compared with term (RR 3.83, 95% confidence interval, [CI] 3.78, 3.88)
and for SGA compared with appropriate for gestational age (AGA) (RR 1.22 95% ClI,
1.19, 1.24). Births at <28 weeks had the highest mortality (RR 35.92, 95% Cl, 34.97,
36.88). LGA had no additional risk vs AGA among children under five (RR 0.92, 95%
Cl,0.90, 0.93).

Lorena Suarez-ldueta and Robespierre Pita Joint first author

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2023 The Authors. Paediatric and Perinatal Epidemiology published by John Wiley & Sons Ltd.

266 wileyonlinelibrary.com/journal/ppe

Paediatr Perinat Epidemiol. 2023;37:266-275.


www.wileyonlinelibrary.com/journal/ppe
mailto:
https://orcid.org/0000-0003-0909-7737
https://orcid.org/0000-0002-0616-620X
https://orcid.org/0000-0003-1556-3159
https://orcid.org/0000-0003-1932-1202
https://orcid.org/0000-0002-4797-908X
https://orcid.org/0000-0002-0215-4930
https://orcid.org/0000-0002-4573-1443
https://orcid.org/0000-0002-3116-2593
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:lorena.idueta.19@alumni.ucl.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fppe.12968&domain=pdf&date_stamp=2023-03-20

SUAREZ-IDUETA ET AL.

KEYWORDS

1 | BACKGROUND

Innovations in technology have offered the possibility to analyse
large volumes of health records collected for administrative pur-
poses to find meaningful information, conduct research, and sup-
port decision-making.! The availability of public individual-level
datasets enables the linkage of routine records to describe disease
patterns and track public health outcomes across time and space.2
In maternal and child health, innovative linkage methods are useful
to collate common variables across different data sources to form
cohort datasets with information on pregnant women and their ba-
bies.>* Linked datasets are widely used in high-income countries to
describe perinatal outcomes, maternal risk factors, evaluate health
services, and to assess critical goals such as those of the Sustainable
Development Target 3.2 to end preventable deaths of newborns and
children under five by 2030.2%5¢ More recently, innovative linkage
methods have been applied in low-and middle-income countries to
evaluate social, financial, and public health interventions.””?

Record linkage success depends on the availability of variables to
accurately identify and link individuals (e.g., name of the child, mother's
name, date of birth, address of residency, etc). However, the pseudo-
anonymised and publicly available administrative data often lack some
of these variables. In these datasets where unique identifiers are not
available, score-based linkage methods are typically preferred to rank
the most similar pairs of records based on existing variables. This rank-
ing is used to define which cut-off point better separates true from
false matches through a clerical review which poses a challenge for
large-sized datasets. Beyond the linkage errors assessment, a proper
validation scheme is needed to identify potential biases.°

We aimed to assess the linkage of two national, individual level
and publicly available Mexican datasets of live births and deaths col-
lected from 2008 to 2019 where unique identifiers and names of pa-
tients are unavailable. Using the linked dataset, we further aimed to
examine the association of preterm, small for gestational age (SGA)
and large for gestational age (LGA) with mortality at neonatal (0-27
days), infancy (0-365 days) and five years of age (0-1825 days).

2 | METHODS

2.1 | Data sources

Individual-level data on live births and deaths were obtained from

open-access hubs administered by the Mexican Government.'>12

We considered all live births and deaths registered from 2008 when
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Conclusions: We demonstrated the utility of linked data to understand neonatal vul-
nerability and child mortality. We created a linked dataset that would be a valuable

resource for future population-based research.

infant, medical record linkage, mortality, perinatal

Synopsis

Study question

To assess the linkage of two national datasets on live births
and under-five deaths in Mexico to examine mortality rate
ratios and trends in childhood mortality from 2008 to 2019.

What is already known

Record linkage techniques enable the creation of cohorts
from individual-level datasets for tracking the progress of
key health targets, identifying priority areas, and enabling
planning. Such linked datasets are available and widely
used in high-income countries but less so in low and
middle-income settings.

What this study adds

This study shows the feasibility of nationwide record link-
age in Mexico. As an illustration of the utility of this 25 mil-
lion birth-linked dataset, we have calculated mortality rate
ratios and trends for preterm, small, and large for gesta-
tional age.

the registry of birth certificates was implemented in Mexico to
December 2019, the latest data release available when this analysis
was performed. The two datasets were described according to the
Dublin Core Metadata Initiative®® to encourage best practices of in-
teroperability (Table S1).

Live birth records were collected through the National
Information Subsystem of Live births (Subsistema de Informacion
Sobre Nacimientos, SINAC).** Live birth notification is mandatory
for births occurring in clinics, hospitals or the community and must
be recorded 24-48hours after the event. Birth certificates include
information regarding the mother's characteristics, information on
the neonate, institution, and person who attended the delivery.?
Deaths were identified by the National Institute of Statistics and
Geography, Statistics of Deaths (Instituto Nacional de Estadistica
Geografia e Informatica, Registros administrativos de defuncién,
INEGI).} Death certificates include information on demographic de-
tails regarding the person who died, the institution, and the cause
of death according to the International Classification of Diseases.®
Data from each state are collated at the national level. Every year,
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pseudonymised and validated datasets of live births and deaths
are published online separately.*"*? Given that most live births and
deaths occurred in healthcare facilities, national coverage has been
estimated to reach more than 90.0% of the target population, but

this percentage varies at the subnational level.}”*¢
2.2 | Record linkage
2.2.1 | Score-based record linkage software

Record linkage of national datasets is complex. In our linkage analy-
sis, we applied indexing techniques such as rule-based blocking and
Eelasticsearch heuristics to prevent unnecessary comparisons, and
retain accurate linkages using the Centre for Data and Knowledge
Integration for Health - Record Linkage (CIDACS-RL) software.'?
This software has been developed to integrate high-dimensional
data sources and has been demonstrated to be effective in managing
large administrative data in middle-income settings.?® This approach
can address the issue of scalability in big data linkages through mas-

sive processing and indexing.

2.2.2 | Thelinkage process

Data engineering tasks, often illustrated in a pipeline schematic, play
a crucial role in enabling the use of administrative datasets for re-
search through record linkage. These tasks harmonise the syntac-
tic and semantics of variables from different sources and purposes
resulting in higher-quality data. Figure 1 describes our data linkage

birthday

sex

Live
births
2008-2019
(n=24,955,172)

Live
births

state_municipality_

locality_residence (n=24,955,172)

state_municipality_
> locality_occurrence

birthday

. sex [ - Deaths
Aue:gess . <5 yoars old
2008-2019 State_municipality_ (n=321,165)

(n=7,636,151) locality_ residence

state_ municipality_
| locality_ occurrence

1. Attribute selection
Identifying common
variables (e.g., birthday,
sex, place of residence
and occurrence)

2. Pre-processing datasets
Coding addresses from 32 states, 2,472
municipalities and 300,338 localities
Filtering eligible

SINAC: National Information Subsystem of Livebirths
INEGI: National Institute of Statistics and Geography

Determi-
nistic
linkage

3. Deterministic linkage
Writing intermediate results records
Writing remaining records to

CIDACS-RL

pipeline with five steps that perform key transformations and filter-
ing of live birth records from SINAC and death records from INEGI.

Attribute selection

First, we reviewed raw versions of SINAC and INEGI datasets in-
cluding 24,955,172 and 7,636,151 initial unique records of live births
and deaths, respectively. We identified common attributes such as
birthday, sex, place of residence and place of occurrence based on
their discriminative power, by calculating the variability and number

of different possible values and missing values (Figure S1).

Pre-processing

According to National guidelines, we transformed addresses into nu-
meric codes considering names and codes of a universe of 32 states,
2472 municipalities, and 300,338 localities.'* For instance, the en-
coded residential address value “08-036-732" refers to an event that
occurred in the locality of Guadalupe on Jimenez, Chihuahua repre-
sented by the individual codes 732, 36, and 8. Subsequently, we cre-
ated five new variables to help with the linkage process. The variables
state_municipality_residence and state_municipality_occurrence resulted
from the concatenation of state and municipality codes, whereas the
variables day of birth, month of birth, and year of birth resulted from
breaking the birthday variable. Additionally, we reorganised the mor-
tality data according to the year of birth instead of the year of notifica-
tion. We excluded records for people older than 5years of age as our

analyses were focused on mortality under-5years.

Deterministic linkage
We executed an exact search of birthday, sex, and the code gener-
ated from the residential address (e.g., 08-036-732) to match each

Total matched deaths
(n=231,765)
72.2% of the total deaths <5 years old

.

Matched deaths
(n=185,950)

Matched deaths

(n=45,815)
Non-matched

L deaths
(n=135,215)

“| CIDACS-RL
linkage

Non-matched deaths
(n=89,400)

4. Indexing reminding 5. Quality assessment
Binding the final results
Describing completeness and

linkage error

Mapping variables for
CIDACS-RL

FIGURE 1 Mexico national data linkage pipeline for administrative datasets of live births and deaths (2008-2019).
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record from INEGI to the indexed SINAC. We assumed that these
three attributes might be capable of identifying records of the same
person. We considered matched records those with exact agree-
ment upon this set of attributes whereas non-matched records were
those with any level of disagreement. Non-matched records were
considered for further linkage.

Score-based linkage
Score-based linkage was applied to records that were not matched
through deterministic linkage. We used the CIDACS-RL software to
perform a semi-exact search using a broader set of attributes. We hy-
pothesized that adding the variable address of occurrence, which we
decoded into the state, municipality, and locality separately, and boost-
ing some attributes, might enable a less restrictive searching process
to return similar candidates, highlight differences, and identify which
agreements are most probable to be records of the same individual.
We computed a similarity score for each possible pair of death
and live birth candidates produced from the semi-exact search. This
similarity score estimated the likelihood that a given pair of records
represented the same individual, and it consisted of a weighted av-
erage from O to 1. Weights, parameters from CIDACS-RL, were used
to determine the importance of each attribute, and penalties were
used to prevent pairs with missing information from reaching ele-
vated scores (Table 1). All produced pairs were sorted by their score

to perform a quality assessment.

Quality assessment
We selected a sample of 3000 pairs to perform a clerical review to
identify possible misclassifications. Each pair was stratified based on
the similarity score as high: above 0.97, intermediate: between 0.92
to 0.97, and low: below 0.92.%! Figure 2 shows the decision tree cre-
ated to identify false and true matches. False matches were those
pairs produced by CIDACS-RL that disagree on crucial attributes,
such as date of birth, sex, state or municipality of residence.?? This
manual evaluation was used to build a receiver operator character-
istic curve (ROC), calculate the area under de ROC curve (AUROC),
and provide the threshold to better separate true and false matches.
As part of the quality assessment, we assessed linkage complete-
ness and performance. To assess completeness we divided the num-
ber of linked deaths by the number of reported deaths per 100. To
evaluate performance, we compared the percentage of linked records
that were joined by deterministic versus CIDACS-RL methods and
the percentage of non-linked records according to maternal clinical
features such as age, parity, educational attainment, mode and place
of delivery, number of babies, antenatal care, and sociodemographic
characteristics using data on the social deprivation index. This mul-
tidimensional poverty index is calculated by the National Council of
Evaluation of Public Policies considering the number of people without
formal education, the number of people without access to health care,
households with essential services, dirt floors, piped water, drainage,
electricity and access to basic food supplies across the 32 states and
reported as the following five categories: very low, low, medium, high
and very high deprivation.?
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2.3 | Exclusions

Once the data were linked, we excluded records with missing val-
ues on birthweight, gestational age and/or sex because these three
variables are key to defining the size of the newborn. We also ex-
cluded improbable birthweight values defined as birthweight above
or below five standard deviations from the mean birthweight at a
given gestational age, or birthweight <250g. We excluded values of
gestational age <22+ Oweeks or >44 + 6 weeks.

2.4 | Exposure

Preterm birth was defined as birth at <37 completed weeks of gesta-
tion and size for gestational age was defined using birthweight, gesta-
tional age, and sex according to the International Fetal and Newborn
Growth Consortium for the 21st Century (INTERGROWTH-21st)
standards as follows: small for gestational age (SGA, <10th centile),
appropriate for gestational age (AGA, 10th to 90th centiles), and
large for gestational age (LGA, >90th centile).

A secondary analysis was conducted by fine strata of gestational age
and birthweight. The following groups were used for the gestational age
analysis: one baseline category (39-40weeks) and seven comparison
groups in completed weeks (41-44, 37-38, 34-36, 32-33, 30-31, 28-
29 weeks, and below 28 weeks). The birthweight analysis included one
baseline category (3000-3499 g) and fine strata of 500g each for com-
parison (25000, 4500-4999, 4000-4499, 3500-3999, 2500-2999,
2000-2499, 1500-1999, 1000-1499, and <1000g).

2.5 | Outcomes

A neonatal death was defined as a death that occurred during the
first 28days after birth (0-27 days). We also assessed deaths that
occurred among infants (0-365 days after birth), and children under
5years of age (<1825 days after birth).

2.6 | Statistical analysis

To choose the best cut-off point balancing sensitivity and specific-
ity, we built a ROC curve and calculated the area under the curve
(AUROC).2°

We explored mortality using a person-time approach. Given that
this is a complete case analysis, we considered the time that each in-
dividual was at risk durign the study. We performed the person-time
analysis with Stata version 16.1. We used the date of birth and date
of death or the last day of the study (31st December 2019) to calcu-
late the time at risk. The vital status of every child was considered
as alive, dead, or censored at the end of each period of follow-up;
the neonatal period (0-27 days), infancy (0-365days), or 5years of
age (£1825days). Rates were calculated and reported as the number
of deaths per 1000 person-years. Rates, rate ratios (RR), and 95%
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TABLE 1 Set of common variables used to perform deterministic and score-based linkage.

Pairwise comparison

Query
Semi-exact
Attributes Exact match match
Birthday (day-month-year) yes yes
Residential address yes yes

(state-municipality-locality)
Sex yes yes

Address of occurrence no yes
(state-municipality-locality)

State of residence no yes
Municipality of residence no yes
Locality of residence no yes
State of occurrence no yes
Municipality of occurrence no yes
Locality of occurrence no yes
State and municipality of residence no yes
State and municipality of occurrence no yes
Day of birth no yes
Month of birth no yes
Year of birth no yes

confidence intervals (Cl) were calculated according to birthweight,
gestational age, size for gestational age, state of residence, and social
deprivation areas. For comparability with the standard approach, we
calculated the overall absolute risk (number of deaths per 1000 live
births) among neonates, infants and children under five.

3 | RESULTS
3.1 | Linkage performance

A total of 24,955,172 live births and 7,636,151 deaths of all ages
were recorded in Mexico from 2008 to 2019. Of the total deaths,
321,165 deaths were of children under five, 185,950 (57.9%) records
were linked by deterministic linkage and the CIDACS-RL technique
provided 45,815 (14.3%) additional matches with high accuracy as
indicated by the AUROC. Table 2 shows how the model was con-
sistently capable of distinguishing between true and false matches
from 2008 to 2019 (AUROC, range 0.98-0.99). Overall, the propor-
tion of linked records was 72.2% over the period, with the lowest
proportion of 57.1% in 2009 and the highest of 84.3% in 2011. The
distribution of linked and non-linked records for babies from SINAC
was similar across baseline characteristics, but linked records were
less likely to occur among records with missing values (Table S2). At
the subnational level, we found a gradient in the proportion of linked
records according to poverty using data on the social deprivation
index.?® The highest completeness was found among states with
very low social deprivation (median 86.1, IQR 81.0, 90.0), followed
by areas with low (median 84.3, IQR 79.1, 87.6), medium (median

Boost Weight Penalty Similarity measure
4 4 0.1 Hamming
4 S 0.05 Jaro Winkler
2 3 0.025 Overlap
1 1 0.01 Jaro Winkler
1 1 0.01 Overlap
1 0.5 0.05 Overlap
0.5 0.05 Overlap
0.5 0.5 0.025 Overlap
0.05 0.05 Overlap
1 0.5 0.05 Overlap
2 0.01 Jaro Winkler
0.5 0.5 0.01 Jaro Winkler
1 1 0.05 Overlap
1 1.5 0.05 Overlap
1 1.5 0.05 Overlap

74.4, 1QR 71.6, 80.9), high (median 73.0, IQR 66.6, 81.7) and very
high deprivation (median 72.0, IQR 58.4, 78.9) (Figure 3; Table S3).
We were able to assess high-accuracy linkage performance across

the different areas (Figure S2).

3.2 | Mortality rate ratios and trends

From the 24,955,172 live births overall, 1,539,046 (6.2%) were excluded
due to missing or implausible values. Of the 23,416,126 included live
births, 6.4% were preterm, 7.1% were SGA and 9.1% were LGA (Figure S3).

Preterm babies were almost at a 4-fold increased mortality rate
compared to term (RR 3.83, 95% Cl, 3.78, 3.88) and SGA babies had
1.22 times the rate compared to AGA (RR 1.22, 95% ClI, 1.19, 1.24)
(Table S4). There was a progressively declining mortality risk with
increasing gestational age (Table S5).

Spatial analysis showed substantial disparities in preterm sur-
vival. Compared with babies born at term, the neonatal mortality
rate was higher among preterm babies living in very highly deprived
and highly deprived states and lower in states with low and very low
social deprivation (Tables 3 and Sé). A similar pattern was observed
for SGA neonates compared with AGA neonates. Neonatal mortality
rate ratios had a gradient from 1.31 among very high deprivation
1.08 in very low deprivation areas (Table 3).

LGA births were not associated with an increased mortality risk
compared to AGA. However, the analysis stratified by gestational
age showed that babies born from 41 to 44 weeks had a modestly
higher risk of dying during the neonatal period (RR 1.08, 95% ClI,
1.06, 1.11), infancy (RR 1.05, 95% ClI, 1.03, 1.07) and under-five
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sex_SINAC
FALSE ‘ TRUE

address_residence_INEGI and
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FALSE TRUE

|

state_municipality_residence_INEGI and
state_municipality_residence_SINAC

FALSE TRUE

|:| overlap test :
Q classification result '

INEGI: National Institute of Statistics and Geography (deaths)
SINAC: National Information Subsystem of Livebirths

FIGURE 2 Decision tree learned from clerical review labelled data.

(1.04, 95% Cl, 1.02, 1.06) compared to those born at 39-40weeks
(Tables S4 and S5).

3.3 | Comment

3.3.1 | Principal findings

This analysis found that is feasible to link large administrative data-
sets of live births and deaths in Mexico. We found that preterm birth
was the strongest driver of mortality with the highest mortality rate
among those born at less than 28 weeks gestation or weighing less
than 1000g at birth.

3.3.2 | Strengths of the study

Mexican registries collect information country-wide, reaching an
estimated coverage above 90% of their total population.'” This
study brought together these vital statistics to describe how
birth outcomes impact neonatal and child deaths. The indexing
frameworks employed on CIDACS—RL software made this Big
Data analysis scalable, feasible, and accurate?® as it has been re-
ported using national-wide Brazilian data.?*®” These findings are,

therefore, potentially useful to explore mortality rate ratio pat-
terns and identify the most vulnerable children, which are the
key target of the strategic plan towards 2030 and Sustainable

Development Goals in Mexico.?

3.3.3 | Limitations of the data
We experienced limitations on linking public medical records due to the
lack of unique identifiers, names, missing values, inaccurate registra-
tion, and demographic dynamics. We hypothesized that deterministic
matching using sex (girl vs boy), birthday (day-month-year), and mother's
residential address (state-municipality-locality) would result in few false-
matches (records linked from different individuals),® but this approach
resulted in 41% of non-matched records. Then, to increase the number
of linked records, we incorporated approximate matching by boosting
attributes such as the address of occurrence, splitting birthdays into the
day, month and year of birth and adding similarity scores.?” Even though
we used clerical review to minimise missed matches,?® we recognise
that our process may offer a residual number of false-positive matches,
that would potentially introduce some bias to our results.?*%’

Despite the percentage of linked records, the failure to link 27.8%
of deaths remains a limitation for calculating mortality rates and com-
paring these indicators with those repoted by the Ministry of Health
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CIDACS-RL: Centre for Data and Knowledge Integratioh for Health — Record Linkage software

FIGURE 3 Geographic distribution of linked records by deterministic or score-based techniques and social deprivation areas.

TABLE 3 Number of deaths, mortality rate (deaths per 1000 person-years) and rate ratios of preterm vs term and SGA vs AGA according
to social deprivation areas, Mexico from 2008 to 2019.

Rate ratio (95% Cl)
Preterm vs term

Rate ratio (95% Cl)
SGA vs AGA

Deaths per 1000 person-years

Social deprivation Number of deaths (95% Cl)

Neonatal mortality

Very high 18,907 72.5(71.46,73.53) 6.80(6.58, 7.03) 1.31(1.25,1.38)
High 18,651 71.4(70.39, 72.44) 5.62(5.44,5.81) 1.26(1.20, 1.33)
Medium 14,121 73.1(71.94, 74.35) 4.81 (4.63, 5.00) 1.30(1.22,1.38)
Low 53,604 79.2(78.49,79.83) 3.07 (3.01, 3.14) 1.20(1.16, 1.23)
Very low 18,714 84.0(82.82, 85.23) 2.02(1.94, 2.11) 1.08(1.02, 1.14)
Infant mortality
Very high 26,970 7.7 (7.57,7.75) 5.50(5.34,5.66) 1.31(1.26, 1.36)
High 27,758 7.9(7.79,7.97) 4.52 (4.39,4.65) 1.34(1.29,1.39)
Medium 19,937 7.7 (7.55, 7.76) 4.08 (3.95,4.22) 1.36(1.30, 1.43)
Low 78,339 8.6 (8.52,8.64) 2.69 (2.64,2.74) 1.22(1.19, 1.25)
Very low 26,919 8.9 (8.86, 9.07) 1.82(1.76,1.89) 1.11 (1.06, 1.17)

Children under five mortality

Very high 31,330 1.9 (1.76, 1.80) 4.83(4.70, 4.96) 1.29 (1.24,1.33)
High 31,911 1.8(1.79,1.83) 4.06 (3.95,4.17) 1.33(1.28,1.38)
Medium 22,476 1.7 (1.71, 1.75) 3.75(3.63, 3.87) 1.34(1.28,1.41)
Low 88,776 1.9 (1.93, 1.96) 2.50(2.46, 2.55) 1.20(1.17,1.23)
Very low 30,070 2.0(1.98,2.03) 1.72(1.67,1.78) 1.12(1.07,1.17)

Note: Mortality is presented by neonatal, infant and under-five periods. Social deprivation included very high (n = 4 states), high (n = 6 states),

medium (n = 5 states), low (n = 13 states) and very low (n = 4 states) deprivation areas.

Rate (deaths per 1000 person-years) calculated with the linked dataset using the person-time approach, for comparability with reported rates (deaths

per 1000 livebirths) see supplementary material (Table S7).
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(Table S7). Some part of this percentage of non-linkage may be explained
by changes in the address of residence between the child's birth and
death (Table S8 S7). Two years had a particularly low percentage of linked
records: 2009 (57.1%) when the public health data systems had signif-
icant challenges due to the emergence of the novel influenza A(H1IN1)
pandemic in Mexico,?® and 2019 (60.9%) the last year available by the
time this study was performed which might be partially explained by the
delay in death notification, for example, deaths that occurred in 2019
might be notified from 2020 onwards. At the sub-national level, areas

with very high deprivation had lower levels of linkage completeness.

3.4 | Interpretation

In this population-based analysis, we described the linkage between
births and deaths, including information about 24,955,172 live births
and 231,765 deaths of children under five that were reported over
more than a decade in Mexico. We have successfully performed a re-
cord linkage of two very large national pseudo-anonymised datasets,
linking more than 70% of records with high accuracy (0.98 AUROC).

This study highlights the elevated risk of early and potentially pre-
ventable deaths among those who have been born with adverse con-
ditions such as prematurity, low birthweight, and SGA.2’~3! Given the
lack of gold standard rate ratios for Mexico, we found that our results
are consistent with recent findings using a large administrative dataset
in Brazil.?? The risk of death was driven particularly by small babies
and it persisted during the neonatal period, infancy, and five years of
age (Table S4). Analysis by social deprivation also showed geographical
disparities related to the place of the mother's residence, with higher
mortality rate ratios among small babies living in the poorest areas
compared with those living in areas with less deprivation. This may
be explained by reduced infrastructure, food supplies, and access to
health care in areas with high deprivation.33’34

For big babies, it is well described that LGA is associated with
short-term complications including shoulder dystocia, brachial plexus
injury, birth fractures, hypoglycaemia, and hospitalisation.®>=%” Even
though the threshold of the size >90th centile used in this study
does not seem to add value to delineate mortality, gestational age
from 41 to 44 weeks was a better marker for this outcome. These
plausible results, besides the quality assessment, support the overall
performance of the linkage model.

4 | CONCLUSIONS

We have successfully performed a record linkage of two very large
administrative datasets using common variables with high accuracy.
We have demonstrated the utility of this linked dataset to investi-
gate the association between adverse birth outcomes and the risk
of dying prematurely during the first 5years of age. Findings at the
subnational level should be interpreted with caution as the com-
pleteness of the linkage varies between states, particularly among
more deprived populations. This linked dataset can be used by other

researchers for other related research and future collaborations. For
example, further analyses considering children born preterm and
SGA simultaneously would be valuable to provide a piece of more

detailed information on childhood mortality.
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