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Abstract

Objective To analyze the temporal and territorial relationship between health system financing fragmentation
and maternal mortality in the last two decades in Mexico.

Methods We conducted an ecological-longitudinal study of the maternal mortality ratio (MMR) in the 32 states

of Mexico during the period 2000-2022. Annual MMRs were estimated at the national and state levels according

to health insurance. We compared the distribution of individual attributes and place of residence between deceased
women with and without social security to identify overrepresented demographic profiles. Finally, we mapped state
disparities in MMR by health insurance for the last four political administrations.

Findings MMR in Mexico decreased from 59.3 maternal deaths per hundred thousand live births in 2000 to 47.3

in 2018. However, from 2019 onwards, MMR increased from 48.7 in 2019 to 72.4 in 2022. Seven out of ten mater-

nal deaths occurred in the population without social security from 2000 to 2018, then decreasing to six out of ten
from 2020. Maternal deaths in the population without social security were more frequent among younger women,
with less schooling, unmarried, and residing in rural areas, with higher Indigenous presence and greater social margin-
alization. From 2019 onwards, the MMR was higher in the population with social security.

Conclusion The results of this study confirm the close relationship between maternal mortality and social inequali-
ties, and suggest that affiliation with social security has ceased to be a differentiating factor in recent years. Under-
standing the evolution of maternal mortality between the population with and without social security in Mexico
allows us to quantify the gap in maternal deaths attributed to inequalities in access to maternal health services, which
can contribute to the design of policies that mitigate these gaps.
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Background

There is an ongoing debate on the performance of health
systems in low- and middle-income countries (LMICs)
related to their fragmented financial architecture, i.e., the
coexistence of several subsystems financed by different
funds and governed by heterogeneous rules of access to
financial resources and health benefits [1]. Fragmentation
affects health systems’ functions, generates inefficiencies
due to duplication of efforts and resources, inequities,
and suboptimal health outcomes, and constraints pro-
gress towards universal health coverage (UHC) [2, 3]. Yet,
some degree of fragmentation in health system financing
may, in principle, be beneficial, for instance, by increasing
choice and quality through enhanced competition. A bet-
ter understanding of the consequences of fragmentation
on the functioning of health systems can help strengthen
them [4]. However, little attention has been paid to the
relationship between fragmentation and health outcomes
in LMICs [5].

Maternal mortality provides an opportunity to explore
this relationship, given its high sensitivity to the perfor-
mance of health systems and its close relation to a con-
tinuous supply of high-quality services during and after
pregnancy [6, 7]. It is also a key indicator of inequality
and social development [8, 9]. The literature is conclusive
in that maternal mortality is preventable through ade-
quate access to health services before, during, and after
childbirth [9]. The most common approach to address-
ing maternal mortality has largely focused on direct-
ing investments towards the major biomedical causes of
maternal death, particularly during the perinatal period
[10]. However, there has been less attention to the under-
lying determinants of adverse outcomes during preg-
nancy and childbirth, and how health systems might
be structured to implement effective interventions and
mitigate the adverse effects of social factors on maternal
health [10]. Specifically, little is known about how finan-
cial fragmentation may exacerbate the effects of the pan-
demic and other challenges on maternal mortality.

Despite the progress observed since the Millennium
Development Goals (MDGs), inequities in maternal
health outcomes persist, significantly affecting the most
disadvantaged populations [11]. Notably, the maternal
health policies and programmes implemented in Latin
America and the Caribbean (LAC) over the last three
decades have resulted in modest and heterogeneous pro-
gress in reducing the maternal mortality rate (MMR)
[12-15], and this progress has been jeopardised by the
Covid-19 pandemic [16].

Like most health systems in LAC [1, 3], the Mexican
health system is financially fragmented: various service
delivery subsystems coexist and operate uncoordinated,
beyond the division between the private and public
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sectors [1, 3, 4, 17]. Mexico’s public health system, which
serves more than 90% of the population, includes two
subsystems. The first is the contributory social security
that provides comprehensive care to the salaried popula-
tion, which is affiliated with the Mexican Social Security
Institute (IMSS), the Institute of Security and Social Ser-
vices for State Workers (ISSSTE) and the Health Services
of the Defense, Navy and Petroleos Mexicanos (SEDENA,
MARINA, and PEMEX). The second is the subsystem
that provides care to the population without contribu-
tory social security. This subsystem was managed by the
federal and state health ministries from 2000 to 2018.
Between 2019 and 2021, it was under the responsibility of
the Federal Ministry of Health, some state ministries, and
the Instituto de Salud para el Bienestar (INSABI). Start-
ing in 2022, the Federal Ministry of Health, some state
ministries, and the Servicios de Salud del IMSS para el
Bienestar (IMSS-Bienestar or IMSS-B) have been respon-
sible for its administration.

This article examines the relationship between health
system financing fragmentation and health outcomes in
LMICs. We provide a temporal and geographic analysis
of the relationship between health system fragmentation
and maternal mortality during the last two decades in
Mexico.

Methods

Study design

We conducted an ecological-longitudinal study [18] of
the MMR in the 32 states of Mexico during the period
2000-2022. Following previous studies [19], the MMR
was defined as the number of women aged 10-54 who
died from causes directly (ICD-10 codes: O01-099, A34,
D392, F53, M830) or indirectly related to pregnancy
(ICD-10 codes: A15-B49, C00-C96, D00-D48, D55-D89,
E00-E90, F50-F59, G00-G99, 100-199, J00-J99, K00-K93,
L00-L08, MO00-M99, NO00-N99, Q00-Q99, R10-R19,
R50-R69, R95-R99, U01-Y98) per hundred thousand live
births [19, 20].

Data sources

The number of maternal deaths was calculated using
mortality microdata produced by the National Institute
of Statistics and Geography (INEGI) [21]. The number of
live births came from the population projections made by
the National Population Council (CONAPO) for 2000—
2007 [22] and the Birth Information Subsystem (SINAC)
administered by the Mexican Ministry of Health for
2008-2022 [23].

Variables
We focus on the potential association over time between
maternal mortality and the fragmented financial
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architecture of Mexico’s public health care system, by
analyzing MMR based on the deceased women’s health
insurance status (population with and without contribu-
tory social security) [24] and live births in each state and
year. We also analyzed the following attributes of the
deceased women: age, educational level, marital status,
participation in the labor market, receipt of medical care
before death and place of care; level of social marginaliza-
tion of the municipality of residence [25] and the pres-
ence of Indigenous population [26], as well as the size of
the locality of residence.

Analyses

We first present the annual and nationwide MMR esti-
mates according to health insurance. Second, we com-
pare the distribution of the individual and place of
residence attributes between deceased women with and
without social security. For this comparison, we cal-
culated the population ratios (proportions with social
security vs. without social security) for each attribute.
Values greater than 1 indicate an overrepresentation
of maternal mortality in the population without social
security; values lower than 1 indicate underrepresenta-
tion; and values equal to 1 mean identical proportions.
Third, state disparities in MMR by health insurance were
mapped for four political administrations (2000—2006,
2007-2012, 2013-2018, and 2018-2022) to analyze the
possible effects of changes in health policies on maternal
mortality. These disparities were measured from the ratio
(social security/no social security) of MMR in four cat-
egories: 0-0.5, >0.5-1, >1-1.5, and >1.5. The four cat-
egories were defined according to the values observed in
the baseline period (2000—2006) to maintain comparabil-
ity between all periods. Finally, the values of the MMR in
the population with social security (in blue) and without
social security (in red) are presented by state and period
of the corresponding administration, as well as the per-
centage difference (marked in blue when it is higher in
the former and red when it is higher in the latter).

Results
The MMR in Mexico decreased from 59.3 maternal
deaths per hundred thousand live births in 2000 to 47.3
in 2018. This significant reduction in MMR gaps was
accompanied by a narrowing of the gaps between the
populations with and without social security (Fig. 1).
However, from 2019 to 2022, the national MMR
increased from 48.7 maternal deaths per hundred thou-
sand live births to 72.7, primarily affecting the population
with social security.

Between 2000 and 2022, three stages in the evolution
of MMR in Mexico can be identified: (i) 2000-2006, a
stage in which the MMR in the population without social
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security decreased by 40% (from 86.9 deaths per hun-
dred thousand live births to 52.7), while in the population
with social security, it remained practically unchanged
(around 33); (ii) 2007-2018, in which the MMR in the
population without social security continued to decrease
to reach 48.5, while the MMR in the population with
social security registered an increase of 35%, and reached
45.0, which caused the figures in both populations to be
similar; and (iii) 2019-2022, a stage in which an increase
of more than 40% was observed in the MMR in both
populations, to reach levels of 71.8 and 74.3 per hundred
thousand live births in women without social security
and with social security, respectively. Appendices 3.1, 3.2
and 4 show the distribution of maternal deaths according
to the ICD-10 causes used, distinguishing by the general
population, without social security, and with social secu-
rity, respectively [19, 20].

From 2000 to 2018, seven out of ten maternal deaths
occurred in the population without social security, then
declining to six out of ten from 2020 onwards (Fig. 2).
Maternal deaths in the population without social secu-
rity were more frequent in young (10 to 19 years), less
educated, and unmarried women (Table 1.). These
deaths were also overrepresented in rural areas, with a
more significant Indigenous presence and greater social
marginalization.

Between 2000 and 2006, in all of Mexico’s states except
Colima (located in the western part of the country),
MMR was higher in the population without social secu-
rity. In 29 states, the gap was greater than 50% (Fig. 3).
From 2007 to 2018, a decrease in the MMR gap between
the population with social security versus that without
social security was observed, and only in five states was
the gap greater than 50% in the population without social
security. These years also saw an increase in the number
of states with a higher MMR in the population with social
security (nine states in 2007-2012 and eleven states in
2013-2018). Finally, between 2019 and 2022, only nine
states maintained a higher MMR in population without
social security; a ratio of 0.5 and 1 was observed (Fig. 3).

Figure 4 shows the MMR by state during the last four
political administrations for the population with and
without social security, and the percentage difference
between the two ratios. Between 2000 and 2006, in most
states, the MMR in the population without social secu-
rity was more than 100% higher than that observed in
those with social security. In states such as Nayarit- in the
west of the country-, Yucatdn, Tabasco, and Chiapas-in
the southeast, the country’s least developed region-, the
difference was even higher than 200%. Between 2007 and
2018, that gap narrowed in most states due to a decline
in MMR in the population without social security and an
increase in MMR in the population with social security.
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Fig. 1 Maternal mortality ratio according to Social Security affiliation. Mexico 2000-2022. The states where the MMR is higher in the population
without social security are shown in red, and those in which the MMR is higher in the population with social security are shown in blue

For example, the MMR in the population with social
security in Nayarit (first state in the list of both panels
in Fig. 4) went from 18 between 2000 and 2006 to 55
between 2013 and 2018, while in the population without
social security, it decreased from 98 to 58 in those same
periods. Between 2019 and 2022, the MMR in Nayarit
grew in the population with social security, eventually
topping the MMR in the population without social secu-
rity, whose MMR decreased over the period. The same
happened in most states.

Discussion

Between 2000 and 2010, the MMR in Mexico decreased
consistently, especially in the population without social
security. This could be associated with the increase in
access to healthcare due to the establishment of Seg-
uro Popular, which offered comprehensive health ser-
vices to the population without social security, and
to the implementation in 2001 of the federal program
“Arranque Parejo en la Vida, (Fair Start in Life) and its
synergistic interactions with other programs such as

the conditional cash transfer program Progresa-Opor-
tunidades-Prospera [27], which had as one of its explicit
objectives to improve maternal care to contribute to
the fulfilment of the MDGs in this area [28]. In addition
to this general decline, during this period, the gap in
MMR between the population with and without social
security started to narrow, a phenomenon that coin-
cided with a notable decrease in the MMR in the latter
mentioned above. In the second half of the decade, the
MMR in the population without social security contin-
ued to decrease, while the MMR in the population with
social security registered an increase, which caused
the figures in both populations to equalize, a surpris-
ing fact given the differences in financial resources, ser-
vices and quality of care between the institutions that
covered these two populations. The good news that the
gaps between these populations groups were narrow-
ing, turned into an alarm when it was observed that
this trend was now due both to an improvement in
health care for pregnant women without social security,
which continue to reduce the MMR in this sector of the
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Fig. 2 Percentage distribution of maternal deaths and maternal mortality by Social Security affiliation. Mexico 2000-2022

population, and disruptions in maternal health services
for the population with social security, which affected
its MMR Fig. [29].

During the second decade of this century, the MMR
stagnated at around 40 in the insured population and
around 50 in the population without social security, pos-
sibly as a result of the fact that maternal initiatives had
overcome the easier obstacles and were now facing more
challenging conditions. It could also be due to a rela-
tive neglect of maternal health programs once the effort
linked to meeting the MDGs targets was concluded. This
stagnation phenomenon has been observed in all regions
of the world, especially since 2015 [30].

In 2019, the MMR in the population without social
security decreased slightly, while the MMR in the popu-
lation with social security increased. This caused the val-
ues of this indicator in both populations to cross.

Finally, during the two years of the pandemic, the MMR
in both populations increased dramatically, primarily
affecting the population with social security, to levels not
seen in Mexico for three decades [12, 31]. This upward
trend in MMR was modestly reversed in 2022.

During the analysis period, we observed persistent gaps
in maternal deaths between populations with and with-
out social security. As shown in Table 1. and Appendi-
ces 1.1 and 1.2, the profiles of maternal deaths in these
two groups were consistently different. In the population
without social security, we observed a higher frequency of
maternal deaths among unmarried women, in the young-
est age group (10-19y) and those with lower levels of edu-
cation. Notably, between 2013 and 2018, the disparities
in maternal death frequency among women with mini-
mal or no formal education have increased significantly.
These findings are consistent with previous studies that
found that unmarried women might have less social sup-
port, fewer financial resources, and less consistent access
to healthcare services, and education reduces the risk of
maternal deaths, as it empowers women with essential
knowledge about health practices, facilitates better access
to healthcare services, and encourages the pursuit of pre-
natal care [32, 33]. Additionally, the frequency of mater-
nal deaths in the population without social security was
disproportionately higher in rural areas, which often have
a larger Indigenous population and experience greater
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Table 1 Ratio of proportions -No social security/social security- in sociodemographic characteristics of maternal deaths 2000-2022

2000-2006 2007-2012 2013-2018 2019-2022 2000-2022
Panel A. Individuals
Age (years)
10-19 2.00 253 231 262 233
20-29 0.95 1.02 1.05 1.20 1.04
30-39 0.85 0.75 0.78 0.78 0.80
40-49 117 1.07 0.75 0.64 0.83
Schooling
None 554 4.76 15.68 371 5.79
Primary 2.00 2.23 2.65 231 2.28
Secondary 0.69 0.96 1.24 1.39 0.99
High school or higher 0.26 0.36 043 0.51 037
Marital status
Single 147 1.25 1.12 117 1.21
Married 094 0.96 0.98 0.98 097
Separated 1.20 1.16 0.76 0.64 0.85
Work 0.26 0.24 0.25 0.27 0.25
Received medical attention 0.87 093 0.94 0.94 0.91
Care service provider
Public 0.78 0.86 0.92 0.88 0.85
Private 1.16 1.12 0.88 1.16 113
Other 2.64 2.21 142 1.52 1.87
Panel B. Place of residence
Size of locality
Rural 293 2.70 358 3.01 303
Semi-urban 1.68 1.60 1.27 1.55 1.53
Urban 0.80 087 0.89 094 0.86
Metropolitan 048 0.52 0.58 0.57 0.53
Indigenous population
No indigenous presence* S 0.38 e S 2.88
With dispersed indigenous population? 1.24 127 1.08 1.14 1.18
With presence of indigenous population® 0.65 0.68 0.73 0.70 0.69
Indigenous® 422 3.17 6.26 557 441
Degree of social marginalization
Very low 0.51 0.55 0.58 0.58 0.54
Download 1.12 1.16 1.02 117 1.11
Media 252 218 217 2.01 227
High 3.44 321 418 447 3.69
Very high 5.79 4.66 24.24 8.53 7.01

Note: 2Less than 40% indigenous population and less than 5,000 indigenous persons; °Less than 40% indigenous population and more than 5,000 indigenous
persons, as well as municipalities with a significant presence of minority language speakers; “40% or more indigenous population. The ratio of proportions was
calculated with the proportion of the attribute in deaths without social security as the numerator and the proportion of the same attribute in deaths with social
security as the denominator. Values greater (less) than 1 in this ratio indicate over (under) representation of the population without social security, while values close
to 1 would indicate similar proportions. *There were no maternal deaths with social security in places with no indigenous population. **No maternal deaths with

social security were recorded these years

social marginalization. These findings emphasize the cru-
cial role of sociodemographic factors and the need for
targeted interventions to address these inequities.

It is beyond the scope of this paper to identify the
causal factors of this crossover of trends, but it is plau-
sible that a combination of several factors may be at play.

These factors include the deterioration of the supply of
health services, in general, and maternal health services,
in particular, in social security institutions during the
second decade of the century, which needs to be docu-
mented, and an increase in the demand for services as
a result of the rise in the number of people enrolled in
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these institutions, which started in the second half of this
same decade. The latter is supported by our estimates of
health insurance coverage among women of reproductive
age (10-54y), based on data from the National House-
hold Income and Expenditure Survey (ENIGH in Span-
ish) for the period under study (see Appendix 2). This
increasing enrollment possibly generated an increase in
the demand and saturation of maternal health services
in these institutions. To this we should add the concen-
tration of resources on meeting the needs related to the
Covid-19 pandemic in 2020 and 2021 [34-36]. This dire
situation continued in 2022 after the pandemic ended,
potentially reinforcing the importance of the first two
factors mentioned above.

The evolution of MMR at the state level shows another
aspect of the fragmentation of the health system beyond
financing: the existence of a wide variety of national sub-
systems that do not have homogeneous patterns of prior-
itization and service delivery [37]. This may help explain
the vast heterogeneity of the MMR among states and the
different trends in the periods evaluated. For example,
in Colima, the MMR was higher in the population with
social security until 2019, but in the last period it was
higher in the population without social security. In Mex-
ico City, variations were observed throughout the analy-
sis period, but the MMR was consistently higher in the
population without social security. Hidalgo maintained
an MMR of 31 in the population with social security for
more than 15 years. Still, in the last period, it increased
by 335% and was the state with the highest MMR in the
population with social security (104). Generally, the pat-
tern observed is a wide gap in the first period, then a
contraction of the gap, and finally a transition to a higher
MMR in the population with social security, but with sig-
nificant intra- and interstate heterogeneity.

At the national level, the gap in MMR between the
population with and without social security practically
closed at the end of the period of analysis. Until 2010,
the reduction resulted from a decreasing MMR in the
population without social security. In 2018, the gap dis-
appeared, but this is due to an increase in the MMR of
the population with social security. Subsequently, a tran-
sition to a higher MMR was observed in the population
with social security, which is at levels higher than those
observed in 2000 among uninsured women. This could
hardly be explained by a growth of affiliation to social
security agencies of poorer and unhealthier women.
Despite this, most maternal deaths occurred in the popu-
lation without social security during the entire period of
analysis. Causes such as fetal distress, postpartum haem-
orrhage, and prolonged pregnancy are more prevalent
in the uninsured population than in the insured popu-
lation (Appendices 3.1 and 3.2). This is possibly due to

(2025) 24:32

Page 7 of 12

deficiencies in the availability of resources and quality of
care in the institutions that serve the uninsured popula-
tion, especially in prenatal care and delivery and puer-
peral care [38, 39]. These services also require adequate
coordination, limited due to the enormous heterogene-
ity in performance and financing in providing services
within these institutions [40, 41].

The Covid-19 pandemic likely played a central role
in the increase in MMR from 2020 to 2022 [36]. First,
the COVID-19 and pregnancy interaction made preg-
nancy a high-risk event [42-44]. This increase may
also have been due to the fact that many pregnancy
and postpartum complications or comorbidities were
not adequately addressed due to the focus of public
health care services on addressing pandemic-related
needs [36]. This could explain the change in the pro-
portion of indirect deaths from 12% in the 2013-2018
period to 19% in the 2020-2022 pandemic period
(Appendix 4). This difference was mainly due to an
increase in the proportion of deaths due to endocrine,
nutritional, metabolic, infectious or parasitic, nervous
system, and urinary system diseases, and suggests that
maternal care did not adequately capture such compli-
cations. Some of these changes in indirect deaths were
not similar between the population with and without
social security. In the population with social security,
there was a higher increase in deaths related to the
digestive and respiratory systems. In contrast, in the
population without social security, there was a greater
increase in maternal deaths related to external causes
(Appendices 3.1 and 3.2). Maternal deaths caused by
Covid-19 accounted for 1.8% of total maternal deaths
during 2020-2022. This same cause accounted for
2.3% and 1.3% of the insured and uninsured popula-
tion, respectively. However, this figure is conservative
since the data analyzed only allows us to explore the
primary or root causes of death, not those related to
Covid-19 complications.

The main message of this study is that MMR
decreased during most of the first two decades of this
century, and gaps between the population with social
security and the uninsured population narrowed. The
data suggest that access to social security had a posi-
tive effect on the evolution of this indicator. As of 2019,
however, Mexico witnessed a transition in maternal
mortality characterized by a significant increase in
MMR, substantial intra- and interstate heterogeneities,
and the disappearance of the protective influence of
social security affiliation on maternal deaths.

Although we use the best available data sources, there
are still problems of underreporting in Mexico for both live
births and maternal deaths, which could alter the MMR
estimate, especially in regions with a high degree of social
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ratio was placed in four categories: 0-0.5 (blue), >0.5-1 (light blue), > 1-1.5 (light red) and > 1.5 (red). The four categories were defined according

to the values observed in the baseline period (2000-2006)

exclusion [8]. In addition, the under-registration of births
may have increased during the pandemic due to the closure
of civil registries and the overload of work once they were
opened. Therefore, the 2021 and 2022 MMR estimates may
be reduced as birth registration adjusts upward [45]. This
does not imply that there has been no increase in MMR
compared to previous years, given the rise in maternal deaths
during these years and the assumption of a birth rate simi-
lar to that of previous years. On the other hand, the avail-
able data did not allow us to ascertain whether the deceased
women received prenatal, delivery, and postpartum care
in a social security facility, in the private sector, or services
aimed at the population without social security. While this
may overestimate the mortality attributable to social secu-
rity, it also highlights the barriers created by fragmentation
between and within health subsystems, including for estab-
lishing a high quality health information system [40]. Future
analyses could seek to estimate the risk of maternal deaths
associated with insurance status, controlling for individual
sociodemographic characteristics and place of residence. In

addition, more detailed analyses are needed to establish cau-
sality and the degree of influence of health system financing
on maternal deaths, as well as the factors that accentuate the
gaps between the population with and without social secu-
rity, including those outside the health system.

One of the main objectives of UHC is to improve the
population’s health by reducing barriers that hinder access
to basic services, such as maternal health services [12]. The
findings of this study indicate that Mexico, like many LMICs,
must strengthen maternal care. This process should include:

i) the documentation of the evolution and current situa-
tion of maternal health, including maternal mortality;

ii) the identification of barriers to timely access to pre-
natal and delivery care services;

iii) the identification of the intersectoral actions needed
to empower women, especially those who are part of
vulnerable populations, and

iv) the use of this information to strengthen maternal
health services.
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Fig. 4 Disparities -social security-no social security- in the state maternal mortality ratio. Mexico, 2000-2022. The dots represent the state MMR

in the corresponding period for the population without social security in red and the population with social security in blue. The percentage values
shown to the right of each panel are the percentage differences relative to the population with social security. The percentages above and below
the MMR for social security are shown in red and blue, respectively

This study contributes mainly to the implementation of  inequalities in access to maternal health services. This will
the first two measures. Knowing the evolution of maternal  eventually help prevent such deaths and control this unac-
mortality between the population with and without social ~ ceptable public health problem, by informing the design
security makes it possible to quantify maternal deaths and  and implementation of effective policies.
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