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Background There is scarce gender-disaggregated evidence on the burden of
disease (BD) worldwide and this is particularly prominent in low- and mid-
dle-income countries. The objective of this study is to compare the BD caused
by non-communicable diseases (NCDs) and related risk factors by gender in
Mexican adults.

Methods We retrieved disability-adjusted life years (DALYs) estimates for dia-
betes, cancers and neoplasms, chronic cardiovascular diseases (CVDs), chronic
respiratory diseases (CRDs), and chronic kidney disease (CKD) from the Glob-
al Burden of Disease (GBD) Study from 1990-2019. Age-standardized death
rates were calculated using official mortality microdata from 2000 to 2020.
Then, we analysed national health surveys to depict tobacco and alcohol use
and physical inactivity from 2000-2018. Women-to-men DALYs and mortality
rates and prevalence ratios (WMR) were calculated as a measure of gender gap.

Findings Regarding DALYs, WMR was >1 for diabetes, cancers, and CKD in
1990, indicating a higher burden in women. WMR decreased over time in all
NCDs, except for CRDs, which increased to 0.78. However, WMR was <1 for
all in 2019. The mortality-WMR was >1 for diabetes and cardiovascular dis-
eases in 2000 and <1 for the rest of the conditions. The WMR decreased in all
cases, except for CRDs, which was <1 in 2020. The WMR for tobacco and al-
cohol use remained under 1. For physical inactivity, it was >1 and increasing.

Conclusions The gender gap has changed for selected NCDs in favour of wom-
en, except for CRDs. Women face a lower BD and are less affected by tobac-
co and alcohol use but face a higher risk of physical inactivity. Policymakers
should consider a gendered approach for designing effective policies to reduce
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 the burden of NCDs and health inequities.

Non-Communicable Diseases (NCDs) encompass a vast group of health conditions
including cardiovascular diseases (CVDs), chronic respiratory diseases (CRDs),
cancers, type 2 diabetes (T2D) and chronic kidney disease (CKD) [1]. NCDs ac-
count for over 70% of global deaths, with most of them occurring in low- and
middle-income countries (LMICs) [2]. They are also responsible for 61.4% of all
disability-adjusted life years (DALYs) around the world [3]. The ways people work,
live and access health care system can significantly contribute to their health and
protect them against death and disability. It is estimated that, in the period 2011-
2030, NCDs will cost over 30 trillion US dollars (US$) worldwide, or 48% of the
global gross domestic product (GDP) [2]. They impoverish households and exac-
erbate societal inequities. The main risk factors for developing NCDs are tobacco
use, alcohol consumption, unhealthy diets, physical inactivity and air pollution
[4], all modifiable through public policies [5,0].
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Mexico, a LMIC of nearly 130 million inhabitants, is undergoing a demographic, epidemiological, and nu-
tritional transition marked by growing societal inequity [7]. While the burden of disease (BD) caused by
infectious diseases has decreased in some of its regions, it has remained stagnant in others. Mexico’s cur-
rent epidemiological trajectory is dissonant and characterized by mounting age-specific mortality rates in
adults, attributable to T2D, CKD and interpersonal violence, co-existing, however, with a relatively low
burden of human immunodeficiency virus (HIV) and acquired immunodeficiency syndrome (AIDS) [7]. In
2019, NCDs amounted to 74.92% of DALYs, with an average annual change rate of 0.89% from 1990 [3].

While the importance of NCDs in Mexico has been reported [8—13], the analysis of these from a gender
perspective constitutes an important gap in the literature. Biological sex imposes physiological conditions
that generate heterogeneous health outcomes. In contrast, gender is a social construct entailing perceptions,
norms, attitudes, and expectations regarding individuals. It is associated with occupation, education and,
consequently, with income and the power relations among people. Furthermore, gender is linked to dis-
crimination processes and determines the ways people become ill and access the health care system, par-
ticularly apparent in Mexico’s segmented health system [14]. Gender therefore acquires special relevance as
a determinant of health inequity and its persistence [15].

Tackling gender disparities is a pathway to universal health coverage (UHC), one of the United Nations 2030
Sustainable Development Goals (SDGs) [16]. The Lancet has launched a Commission on Gender and Glob-
al Health [17], and the World Health Organization (WHO) has emphasized the importance of gender as a
health determinant. This perspective is relevant not only to better understand the differences between men
and women across various patterns of disease, but also to support the design of gender-related interven-
tions that could effectively reduce the BD. The objective of this paper is to describe and compare the trends
in the burden imposed by specific NCDs on adult women and men in Mexico as regards DALYs, mortality
and behavioural risk factors. We hypothesize that the burden is differentiated by gender.

METHODS

We conducted an observational study using several sources of information related to the burden of disease,
mortality and risk factors on the population aged 20 years and older, according to the definition of adult
used in the National Health and Nutrition Survey.

Burden of disease data

We analysed data from 1990 to 2019 concerning the DALYs rates and prevalence for T2D; CKD; total can-
cers and neoplasms combined; and CVDs, hypertensive heart diseases, stroke and rheumatic heart diseas-
es combined. Data were limited to the population aged 20 years and older across the 32 Mexican states,
and were extracted from the GBD Study 2019 [3,18]. Detailed methods used by the GBD study are reported
elsewhere [19,20]. We merged the data with the socio-demographic index (SDI) by state [21], and classified
the states into SDI tertiles at 1990.

Mortality microdata

We obtained death-register microdata for years 2000-2020 from the Mexican Statistical Office (INEGD) [22],
and merged them into a single data set with more than 12.5 million death entries. We then identified those
that had occurred among individuals aged >20 years and were attributed to the following underlying caus-
es: T2D (ICD-10: E11-E14) [23], cancers and neoplasms (ICD-10 chapters C and D), CVDs (ICD-10: 105-115,
160-169), CRDs (ICD-10: J40-J44) and CKD (ICD-10: N18-N19). We calculated the age-standardized death
rates for women and men aged >20 years, considering the age of death, year of occurrence and populations
projected by the National Population Council [24], and the distribution of population according to the se-
lected age group in 2020 as the standard population, using the direct method [25]. Finally, we identified the
five most common cancers by gender. Since we used census data, no sampling assumptions were needed.

Risk factors

Regarding risk factors, we relied on the probabilistic and population-based National Health Survey (ENSA)
2000 and the 2006, 2012, and 2018 Health and Nutrition Surveys [26]. We estimated the prevalence for
tobacco use (having smoked =100 cigarettes lifetime and currently smoking) [27], alcohol use and daily
harmful use (four or five standard drinks for women and men, respectively) [28], and physical inactivity (not
having engaged in any vigorous or moderate physical activity and/or not having walked at least ten min-
utes continuously in the last seven days) [29]. We considered the sampling design to produce our estimates.
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Gender gap

As a measure of gender gap, we calculated the women-to-men rates ratios regarding DALYs and mortality
(WMR) at t periods, according to the following formula:

Ra tewomen,t

VMR = Rte

men.t

For the WMRSs, the equality line is at 1, ie, the burden of outcomes is equal for women and men. When the
WMR were >1, the burden was higher for women; WMR<1 implies that the burden was higher for men. We
also calculated the prevalence ratios (WMR) for the risk factors.

Analysis

To identify regional change patterns, we calculated the change rate of the DALYs and mortality the initial
and final observations by state. We then described the rates for the selected diseases using multiple ordi-
nary least squares (OLS) regressions at state level, adjusted by gender, year, interaction between gender and
year, and the SDI tertile defined on the states, where first tertile corresponds to lower development and third
tertile refers to more developed states according to the following:

Y = B,+ Blgenderi’[ +[3 year+ ,BBgenderu -year+ 3, SDlItertile + u,

where i stands for the state analysed at year t; gender=1 for woman and O otherwise. Finally, we estimat-
ed regressions models for each SDI tertile to assess differences within the states in these groups. Statistical
analyses were performed using Stata MP v17.

RESULTS
DALYs

The BD caused by NCDs showed different patterns in magnitude and trend, with heterogeneity becoming
particularly prominent when gender was considered (Figure 1).

The burden caused by T2D has shown an increase by 2019, and this is more apparent for men, also with
respect to trend. The trend for both genders is positive (16.3) in Table 1 and the interaction term is neg-
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Figure 1. DALYs rates (per 100) for five groups of diseases, by gender, Mexico, 1990-2019. Panel A. Type 2 diabetes. Panel B. Cancers
and neoplasms. Panel C. Chronic cardiovascular diseases. Panel D. Chronic respiratory diseases. Panel E. Chronic kidney disease.
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Table 1. Descriptive ordinary least squares (OLS) regressions on the disability adjusted life years (DALYs) rates per 100000 inhabitants
by gender and stratified by tertile of sociodemographic index (SDI), Mexico, adults 20 y+, 1990-2019

P value Cancers P-value

P-value CRDs

and

neoplasms
Whole sample
Women 1704 <0.001 388.4 <0.001 -271.8 <0.001 -111.1 <0.001 71.7 <0.001
Year 16.3 <0.001 73 <0.001 0.7 <0.001 0.5 0.017 283 <0.001
Gender x year -12.0 <0.001 -14.3 <0.001 -14.2 <0.001 0.7 0.016 -7.6 <0.001
SDI tertile
1 (ref) (ref) (ref) (ref) (ref) (ref) (ref) (ref) (ref) (ref)
2 -174.1 <0.001 -10.0 0.528 -152.7 <0.001 254 <0.001 -148.9 <0.001
3 -104.1 <0.001 2735 <0.001 92.3 <0.001 45 0.205 -129.7 <0.001
Intercept 980.8 <0.001 2332.2 <0.001 24473 <0.001 342.9 <0.001 450.2 <0.001
Regressions stratified by SDI tertile
SDI tertile 1
Women 158.2 <0.001 504.6 <0.001 -156.5 <0.001 -102.6 <0.001 81.5 <0.001
Year 18.9 <0.001 10.1 <0.001 3.6 0.050 0.6 0.035 325 <0.001
Gender x year -14.0 <0.001 -17.7 <0.001 -15.9 <0.001 0.8 0.042 -9.9 <0.001
Intercept 965.1 <0.001 2258.8 <0.001 2358.3 <0.001 336.7 <0.001 400.4 <0.001
SDI tertile 2
Women 195.0 <0.001 393.1 <0.001 -261.6 <0.001 -102.3 <0.001 717 <0.001
Year 174 <0.001 7.9 <0.001 1.8 0.322 1.1 0.002 27.1 <0.001
Gender x year -10.9 <0.001 -15.5 <0.001 -13.7 <0.001 0.4 0.383 -6.1 <0.001
Intercept 770.7 <0.001 2321.0 <0.001 2269.1 <0.001 306.7 <0.001 307.5 <0.001
SDI tertile 3
Women 1473 <0.001 206.7 <0.001 -461.5 <0.001 -136.9 <0.001 58.3 <0.001
Year 11.1 <0.001 2.4 0.273 -5.7 0.053 -0.6 0.283 244 <0.001
Gender x year -11.0 <0.001 73 0.017 -12.6 0.002 1.1 0.126 -7.1 <0.001
Intercept 956.8 <0.001 2717.6 <0.001 2714.6 <0.001 3733 <0.001 379.0 <0.001

CVD - chronic cardiovascular disease, CRD — chronic respiratory disease, CKD — chronic kidney disease, SDI — sociodemographic index

ative (-12.0), which reveals that the increase is lower among women. Therefore, the DALY WMR has de-
creased sharply, and by 2019, is lower than 1 (Figure 2). The DALYs rate lines for women and men crossed
around 2005. The burden caused by T2D in terms of DALYs was higher for women than for men in 1990
(an estimated difference of 170.4 DALYs/100000) (Table 1), but this burden reversed by 2019, being high-
er among men. States with higher SDI face a lower burden caused by diabetes (Table 1). The estimated na-
tional prevalence of T2D has increased steadily since 1990. In the last years, the prevalence of T2D is also

higher among men (Figure 3).
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Figure 2. Women-to-men-rate ratios (WMRs) for DALYs caused by select-
ed diseases. Mexico, adults 20 years+, 1990-2019.

There was a decrease in cancers and neoplasms
among women until early 2010s, followed by a slight
increase thereafter. However, a negative trend devel-
oped overall, with the coefficient for year=7.3 and
an interaction term=-14.3, resulting in an estimat-
ed trend of -7.0 among women. In contrast, the DA-
LYs-related BD caused by cancers and neoplasms in-
creased for men. Consequently, the WMR has also
decreased from almost 1.2 to nearly 1 in 2019. In this
case, the burden of disease on women was higher in
1990 (a difference of 388.4 DALYs/ 100000, constant
of 2332.2 (Table 1) and by 2019 the WMR descend-
ed to almost the equality line. The burden of cancers
and neoplasms was heterogeneous by SDI levels, with
states in tertile 2 face lower burden than those in ter-
tile 1, but states in tertile 3 had a higher burden than
1 and 2. We found a gradient showing higher DALY
WMR in states with lower SDI. Prevalence of selected
NCDs increased for women and men and was higher
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Figure 3. Prevalence of selected sets of diseases. Mexico, adults 20 years+, 1990-2019. Panel A. Type 2 diabetes. Panel B. Cancers and
neoplasms. Panel C. Chronic cardiovascular diseases. Panel D. Chronic respiratory diseases. Panel E. Chronic kidney disease.

among women. However, the difference in prevalence between men and women seemed wider than differ-
ences measured in DALYs (Figure 3).

The DALYs burden by CVDs was consistently higher for men (WMR<1), as presented in Figure 2. Table 1
shows that the DALYs rate per 100 000 for women was 271.8 lower than men. Also, the growth was lower
among women, parameter -14.2 (Table 1) and negative trend. Moreover, since the increase was greater for
men, the WMR has been decreasing, accentuating the gender gap to the detriment of men. The difference
in the trends of the burden between gender was greater to the detriment of men in lower SDI states (nega-
tive coefficient in the interaction term). The prevalence of these diseases shows the opposite pattern: women
with higher prevalence than men, which contrasts with the burden of disease (Figure 3).

Concerning CRDs, the burden has also been greater for men between 1990 and 2019. This is reflected in
the estimated parameter of -111.1 at the beginning of the period in Table 1. Nevertheless, the indicator
shows a slight increase between 2010 and 2020, and this increase is higher among women (0.7). For that
reason, the WMR has been increasing (Figure 2) but remains always below 1. The estimated parameters
for SDI tertiles show the same patterns as in cancers and CVDs. The prevalence of CRDs is always higher
for men than for women.

The burden caused by the CKD shows a consistent growth for both genders (Table 1). Before 2005, the
WMR was around 1 in Figure 2 but the DALYs rate for men increased more heavily than for women (Ta-
ble 1). Therefore, by 2019 the WMR decreased sharply for CKD. As in the case of T2D, the parameters as-
sociated with SDI tertile are negative for tertiles 2 and 3, meaning that states with lower SDI faced a higher
burden of disease caused by CKD compared to tertile 1. The burden is higher among men, but the preva-
lence is higher for women.

The trends of burden caused by all diseases included in this study varies greatly when we consider this out-
come disaggregated by state, as shown in change rates in Table 2.
Mortality

Regarding T2D, we found an increase in the mortality rate both for men and women in 2020 (outbreak of
COVID-19) (Figure 4). However, the increase was higher among men, resulting in lower mortality WMR
(Figure 5).
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Table 2. Percent change in the disability adjusted life years (DALYs) rate by Mexican State, 1990-2019

Cancers and

s neoplasms

ertile Men ‘Women Men ‘Women Men ‘Women Men ‘Women Men ‘Women
Chiapas 1 107.0% 70.3% 15.7% -4.9% 5.9% -4.4% 45.8% 53.8% 206.1% 172.2%
Durango 14.0% -0.4% -4.2% -9.5% 0.9% -9.5% -10.0% 9.0% 101.6% 82.6%
Guanajuato 47.7% 11.5% 17.9% -6.1% 3.0% -18.1% 6.6% 74% 220.1% 131.1%
Guerrero 108.3% 47.1% 42.9% -3.6% 20.2% -8.9% 31.7% 21.7% 199.1% 101.6%
Hidalgo 43.9% 10.7% 15.9% -9.3% -0.2% -14.6% 20.2% 29.5% 190.2% 108.6%
Michoacan 65.6% 22.6% 20.0% -13.9% 3.9% -18.7% 14.9% 10.1% 217.3% 129.6%
Oaxaca 64.8% 31.5% 9.9% -23.3% -6.7% -11.6% 23.8% 34.3% 168.1% 100.0%
Puebla 53.9% 23.3% 11.0% -12.0% -6.5% -13.8% 4.0% 27.2% 201.8% 132.6%
San Luis Potosi 63.7% 19.3% 23.2% -5.3% 2.8% -17.0% 35.1% 34.0% 204.3% 119.6%
Tlaxcala 45.4% 7.2% 20.1% -14.7% -17.0% -26.1% 4.6% 6.6% 195.5% 98.7%
Veracruz 65.2% 39.0% 26.6% -3.0% 18.0% -3.7% 57.1% 71.3% 250.9% 196.1%
Campeche 2 60.2% 32.5% 9.1% -5.0% -3.3% -3.9% 21.9% 47.2% 187.4% 161.3%
Chihuahua 31.0% 5.5% 12.3% 1.9% 2.1% -9.8% 7.7% 15.4% 150.1% 121.0%
Coahuila 22.1% -74% 1.7% -2.3% 3.2% -8.4% -22.8% -7.6% 162.2% 144.8%
Jalisco 25.6% -1.7% 3.5% -16.0% -11.4% -33.5% 8.2% 0.4% 153.5% 76.3%
Morelos 70.6% 39.2% 19.9% -7.0% -2.1% -15.6% 17.6% 37.9% 196.8% 136.4%
Nayarit 42.7% 2.7% 15.7% -13.2% -0.2% -21.0% 24.9% 14.7% 188.6% 106.2%
Querétaro 33.8% 2.6% 9.4% -2.4% -5.5% -19.4% -15.3% 4.0% 168.5% 114.6%
Quintana Roo 90.9% 77.9% 19.0% 19.8% 7.8% 14.2% 34.0% 68.7% 210.3% 185.3%
Sinaloa 64.0% 15.9% 22.8% -3.7% 24.6% -11.1% 26.2% 20.5% 191.5% 110.7%
Tabasco 87.8% 52.5% 17.7% -5.4% 4.0% -12.9% 30.1% 48.5% 236.6% 194.8%
Tamaulipas 33.5% 4.9% 10.1% -4.4% 4.0% -14.7% -1.6% 6.4% 195.0% 145.4%
Yucatan 46.8% 11.5% 4.6% -16.8% -8.0% -16.0% -1.4% 15.9% 144.5% 120.6%
Zacatecas 70.6% 22.1% 27.9% -1.8% -5.1% -16.6% 32.1% 24.4% 202.7% 114.3%
Aguascalientes 3 20.5% -1.2% 7.5% -4.7% -13.0% -25.6% -1.0% 9.4% 169.0% 121.4%
Baja California 17.7% -5.8% -3.5% -13.3% -16.1% -25.8% -4.2% 4.9% 137.7% 89.5%
Baja California Sur 50.5% 2.7% 27.2% 3.6% 21.3% -15.5% 11.5% 9.9% 207.7% 100.1%
Colima 59.4% 5.1% 17.6% -16.0% -0.4% -28.1% 14.6% 3.0% 216.7% 100.8%
México 67.1% 25.1% 29.8% 6.2% 9.0% -17.6% 6.9% 15.6% 238.4% 143.9%
Mexico City 41.9% 8.5% 24.6% 10.5% 8.9% -14.0% -5.5% 10.0% 182.8% 111.0%
Nuevo Leon 24.8% -5.9% 5.7% 0.0% -6.7% -19.8% -19.6% -11.3% 152.4% 107.7%
Sonora 36.5% 0.7% 0.3% -4.2% 1.1% -17.9% -8.9% 16.4% 127.0% 90.3%

SDI — sociodemographic index, T2D — type 2 diabetes, CVD — chronic cardiovascular diseases, CRDs — chronic respiratory diseases, CKD — chronic
kidney disease

The deaths caused by cancers and neoplasms have increased, but the age-standardized rate has decreased
nationally and for both genders. The WMR is always <1 for this set of diseases. We identified the main can-
cers that cause mortality disaggregated by gender (Figure 6). Among women, breast cancer showed a pos-
itive trend in age-standardized mortality rate, and it was the only cause that increased for them. The mor-
tality caused by cervical cancer (the second in order of importance), liver, stomach, and lung had a negative
slope during the period 2000-2020. Among men, prostate cancer was the leading cause of death among
cancers and the mortality rate stagnated in the last two decades. Conversely, lung, stomach, and liver can-
cer showed a negative trend. In contrast, colon cancer mortality rate has been increasing steadily from 2000
to 2020 among men.

For CVDs, we found an increase both on the number of deaths and the mortality rate with an increase in
2020 for both genders. This could also be related to the COVID-19 outbreak and the reduction of health care
on other diseases. However, the mortality WMR was >1 in 2000 and reverted to <1 by 2020.

The mortality caused by CRDs shows a negative trend, ie, the rate is always higher for men than for women,
which implies a mortality WMR<1, but the mortality WMR has been increasing by the end of the period.
The mortality rate caused by CKD shows different trends when comparing women and men. The WMR is
always <1 and it is decreasing, which means that the increase is higher among men than among women.

Table 3 shows the change rate from 2000 to 2020 by states classified according to their SDI. This reveals
that the interaction between gender and place of residence yields to heterogeneous results in the mortali-
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Figure 4. Mortality by selected non-communicable diseases (age-standardized rates per 100000 inhabitants). Mexico, adults 20 years+,
2000-2020. Panel A. Type 2 diabetes. Panel B. Cancers and neoplasms. Panel C. Chronic cardiovascular diseases. Panel D. Chronic
respiratory diseases. Panel E. Chronic kidney disease.

ty caused by the set of diseases considered as shown

Type 2 diabetes ——Cancers and neoplasms
~— Chronic cardiovascular diseases —— Chronic respiratory diseases in Table 3.
Chronic kidney disease ----Equality line
180 Risk factors

Figure 7 shows the trends in the prevalence of risk
s factors for developing NCDs from 2000 to 2018. The
prevalence of tobacco smoking, alcohol consump-

tion, and daily harmful alcohol use diminished for

R e o = gl i e e i s S S o both genders among adults and the prevalence WMR
: did not change significantly over the study period.
However, women have a higher prevalence of physi-
cal inactivity (prevalence WMR>1) and, opposite to
R D U . W e i men, the prevalence increased over time, thus con-
: tributing to the increase in the prevalence WMR es-
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Figure 5. Women-to-men-rate ratios (WMRs) on Mortality, selected diseas-

es. Mexico, adults 20 years+, 2000-2020. DISCUSSION

We show that the burden of NCDs is differentiated by gender. DALYs and mortality- caused by T2D,
cancers and neoplasms, CVDs, CRDs and CKD has increased importantly in Mexico between 1990 and
2020 for men. Women face a slight reduction in cancers and neoplasms and CVDs, and increases in
T2D, CKD and CRDs. In all diseases considered within these analyses, women face a lower burden of
disease compared to men and are less affected by tobacco and alcohol use. However, women face an in-
creased burden of CRDs compared to men and report a lower engagement in physical activity. The gen-
der gap, measured by means of WMRs for DALYs and mortality rates, widened steadily for all selected
NCDs in favour of women, with WMRs being <1 by the end of the study period. This held for all diseas-
es except CRDs, for which the burden increased more for women, remaining higher, however, among
men. We highlight the increased mortality by T2D and CVD in 2020, that we hypothesize was due to
the COVID-19 outbreak and the associated health system crisis.
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Table 3. Percent change in the mortality rates by Mexican state, 2000-2020

Cancers and

SDI Diabetes neoplasms

tertile

Men ‘Women Men ‘Women Men ‘Women Men ‘Women Men ‘Women
Chiapas 1 240.2% 106.8% 6.0% -15.1% 48.7% 22.3% 30.5% -1.4% 76.1% 22.9%
Durango 41.1% -12.7% -22.6% -23.3% -13.3% -32.8% -38.9% -48.2% -24.3% -49.6%
Guanajuato 82.3% 28.4% -74% -10.4% -3.4% -22.2% -22.2% -19.1% 12.1% -21.0%
Guerrero 172.0% 99.0% -5.3% -20.6% 36.7% 0.9% -9.0% -6.9% 40.5% -3.8%
Hidalgo 102.1% 25.8% 20.1% 1.1% 1.5% -12.7% -11.8% 6.9% 38.4% -27.9%
Michoacan 92.1% 26.2% -19.1% -18.9% 10.7% -16.7% -274% -20.8% 12.1% -14.2%
Oaxaca 192.3% 103.5% 6.3% -13.1% 45.3% 7.6% 2.8% 36.1% -0.2% -27.5%
Puebla 136.6% 78.5% 7.0% -7.2% 27.9% 1.2% -0.4% 18.6% -5.1% -19.9%
San Luis Potosi 121.8% 52.6% -20.6% -12.1% 6.9% 0.9% -0.4% 9.4% 83.3% -16.9%
Tlaxcala 142.3% 58.3% 19.3% 14.3% 57.5% 14.4% 13.7% 27.0% 13.7% 22.7%
Veracruz 137.2% 72.5% -9.5% -16.5% 10.2% -10.6% -2.3% -18.1% 17.2% 2.3%
Campeche 2 231.4% 101.5% 0.7% -11.1% 47.9% -0.2% -1.0% 25.3% 119.4% -31.9%
Chihuahua 65.9% 32.6% -15.0% -11.4% -6.7% -10.9% -28.5% -27.4% 0.3% -6.9%
Coahuila 49.0% 5.3% -23.8% -21.1% 24.5% 10.1% -48.0% -32.2% 14.0% -18.1%
Jalisco 30.7% -0.2% -8.3% -18.5% 13.6% -16.2% -13.3% -8.8% 3.2% -15.0%
Morelos 108.4% 36.9% 5.4% -13.8% 7.3% -4.6% -37.3% -7.6% 48.5% -12.8%
Nayarit 67.8% 9.2% -13.1% -19.0% 8.6% -26.0% -14.9% -6.3% -20.3% -38.6%
Querétaro 57.0% -8.4% 5.0% -6.0% -10.8% -16.7% -35.3% -22.8% 52.2% -23.6%
Quintana Roo 201.0% 124.0% 21.8% 13.6% 57.1% 11.1% -1.0% 1.7% 65.0% -40.0%
Sinaloa 11.0% -9.1% -34.1% -26.5% -20.3% -39.6% -47.2% -44.5% -15.4% 3.0%
Tabasco 189.5% 115.1% -12.5% -20.0% 24.8% 4.9% -8.5% -27.0% 40.8% -15.3%
Tamaulipas 38.3% 6.2% -29.3% -30.3% -6.5% -33.1% -37.6% -43.2% 15.5% -15.1%
Yucatan 104.1% 26.0% -12.1% -28.1% -11.3% -17.4% -24.3% 17.7% 2.5% 0.0%
Zacatecas 117.1% 39.3% -0.6% -7.2% -4.4% -2.9% -12.5% 3.3% 14.1% 14.7%
Aguascalientes 3 -14.0% -25.8% 6.3% -24.7% 8.1% -24.2% -37.5% -43.6% -20.9% -49.1%
Baja California 47.9% 7.6% -11.3% -15.3% 5.0% 7.3% -9.5% -12.3% -74% -27.5%
Baja California Sur 25.5% -23.6% -25.1% -7.4% 8.7% -33.5% -32.6% -14.6% -174% -244%
Colima 73.8% 37.4% -19.9% 2.9% -2.8% -32.2% -44.4% -49.8% 115.1% -46.1%
Estado de México 141.0% 60.7% -1.5% -6.6% 28.7% -2.0% -30.4% -27.9% 0.4% -26.6%
Mexico City 47.2% 6.6% -10.6% -16.2% 0.7% -27.5% -41.2% -30.9% -11.0% -31.6%
Nuevo Leon 43.6% -5.9% -21.7% -18.6% -6.2% -23.7% -50.7% -60.0% -38.2% -35.7%
Sonora 23.8% -6.2% -22.0% -16.5% -4.3% -18.7% -34.9% -25.5% 274% -40.2%

SDI — sociodemographic index, T2D — type 2 diabetes, CVD — chronic cardiovascular disease, CRD — chronic respiratory disease, CKD — chronic kid-
ney disease
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Figure 6. Mortality caused by main five types of cancer by gender (age-standardized rates per 100000 inhabitants). Mexico, adults 20
years+, 2000-2020. Panel A. Women. Panel B. Men.
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Our results are consistent with evidence reported for
other regions such as Eastern Europe, where a high-
er BD and mortality have been registered among men
than among women [30]. Our findings are also sim-
ilar to the global BD by the same set of diseases ac-
cording to the IHME (results not shown). When we
considered socio-demographic index (SDI), we could
identify areas where a greater focus on gender policy
might be required. Our study substantiates the im-
portance of monitoring subnational health trends, fa-
cilitating more efficient feedback processes for eval-
uating health programs and interventions. This is
particularly true for states with lower SDIs, that are
likely to see an increase in mortality and disability
from NCDs, with catastrophic social, economic and
health consequences [2].

One strength of this study resided in its use of
high-quality data sources. The GBD Study provided
information on a wide range of diseases and health
conditions over three decades that is comparable to data from other countries in the world. The DALYs
metric has the advantage of mapping premature mortality and years lived with disability into a single vari-
able. Although the DALYs figures are estimates and there have been criticisms about its use in LMICs [31],
the GBD Study is widely accepted as a powerful tool to describe the burden of disease globally. The INEGI
mortality microdata also offered considerable advantages, representing the official source of information on
mortality in Mexico and it has been recognized as high quality mortality data [32]. Using INEGI data af-
forded us to identify the specific underlying causes of death and to manage the data in a more granular way.
We used nationally representative surveys to depict the trends in the prevalence of risk factors with suffi-
cient sample sizes. Although a more recent wave of the National Health and Nutrition Survey (ENSANUT)
was conducted in 2020, the sampling design, data-collection methods, and exceptional situation arising
from the COVID-19 epidemic could render the latest results incomparable with those of previous rounds.

Figure 7. Prevalence of risk factors, by gender. Mexico, adults 20 years+,
2000-2018.

Although we did not assess formally the causal paths between variables, we believe our findings likely re-
flect the effects of gender norms and power imbalances prevailing in a variety of social dimensions includ-
ing occupation, education, attitudes, health care seeking behaviours, risky behaviours, and political roles
[33]. Concerning the Mexican health system, the current administration should accelerate the implemen-
tation of a primary-health care model, strengthen primary-care facilities with an emphasis on promotion
and prevention programs by gender, expand health education for the populations at risk, and incentivize
treatment adherence. The implementation of focused, effective health interventions differentiated by gender
should also be encouraged, as should programs to reduce gender-based disparities and discrimination in
access to health care services stemming from differentiated attitudes and limited resources. This is partic-
ularly salient in the case of CVDs and CKD, where men face a heavier burden of disease in terms of higher
mortality rates, but women experience greater prevalence. These results suggest that men enjoy less access
to effective health care services in Mexico than do women. Recent evidence indicates that women in Mexi-
co are more likely than men to receive health care services when experiencing a health problem in certain
contexts [34]. These disparities could constitute a major contributing factor to social inequity, yet studies
on access to screening services rarely include gender-based analyses; incorporating such a perspective could
help prevent the onset or worsening of NCDs [35]. Strategies to prevent and manage NCDs must address
social determinants such as gender in addition to individual-level risk factors, and should be designed with
the meaningful involvement of people living with NCDs.

The Mexican Health System will require additional resources that can come from strengthened fiscal poli-
cies on harmful products, such as tobacco, alcohol, sugar-sweetened-beverages and junk food, since these
policies are recognized as best-buy options [36]. These policies could help to reduce the prevalence and in-
tensity of consumption of the products that are risk factors for developing NCDs, as they can provide addi-
tional resources for health care and prevention if earmarking is strengthened. Adopting a gender transfor-
mative approach that addresses norms and power imbalances while reducing NCD risk factors and barriers
to treatment would also contribute towards the United Nations Sustainable Development Goals concern-
ing both the reduction of disability and mortality from NCDs and the achievement of gender equality [37].
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