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Abstract

This study assesses changes in the prevalence and distribution of noncom-
municable diseases (NCDs) and related risk factors among Brazilian adults
from the 2013 and 2019 Brazilian National Health Surveys (PNS). It is
based on the hypothesis that deteriorating socioeconomic conditions over this
period would lead to increased NCDs among the least advantaged popula-
tions. We estimated adjusted prevalence ratios by education category and
three inequality measures — the slope index of inequality (SII), the relative
index of inequality (RII), and population attributable fraction (PAF) — for
obesity, hypertension, arthritis, asthma, cancer, depression, diabetes, heart
disease, having any chronic condition, and multimorbidity by survey year. We
also estimated the 27 Brazilian Federative Units RII and prevalence rates for
diabetes and multimorbidity per year and plotted the RII against prevalence
by year. Results showed that all NCDs increased over the period observed,
ranging from an 8% increase in the adjusted prevalence of arthritis to a 24%
increase in the adjusted prevalence of obesity. Measures of inequality showed
that most conditions exhibited significant educational inequities in both 2013
and 2019. However, on average, education-based inequities did not signifi-
cantly change between the two periods. Considering the deterioration of the
socioeconomic conditions of most Brazilians, the erosion of social protections,
and the continuing economic, political, and health crises occurring in the na-
tion, we observed an urgent need for discussion about the best way to adopt
equity-promoting health policies and programs and action to reduce socioeco-
nomic and geographic inequalities in NCDs throughout the country.
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Introduction

While economic inequalities in Brazil are still remarkable, some measures, such as the Gini coefficient
had been declining steadily since the early 2000s 1. However, from 2014 to 2016, the country suffered
a devastating recession 2 that led to double-digit unemployment rate, as well as a worsening income
inequality in subsequent years 3. The period of the economic recession was followed by significant
cuts to social spending with important consequences for population health and health inequality 45.

Noncommunicable diseases (NCDs) and related risk factors, such as obesity have become more
prevalent in Brazil since the population grows older and increasingly adopts lifestyles that combine
higher consumption of processed food, reduced physical activity, and more sedentary occupations 6.
The burden of NCDs has increased considerably in the last three decades; ischemic heart disease was
the fourth leading cause of years of life lost (YLL) in 1990 and, in 2016, was the first cause 7. Implicit to
this high burden of NCD is the increasing contribution of metabolic risk factors, including high body
mass index (BMI) (particularly for women) and high systolic blood pressure, contributing to diabetes
and cardiovascular disease 7. Hypertension and diabetes were reported by 21% and 6% of the adult
population, respectively, according to a 2013 national survey 8. Multimorbidity — the presence of two
or more NCDs in the same individual — has also increased over time 9 and is strongly associated with
changes in lifestyle. Also, it is associated with higher mortality risk, lower quality of life, and greater
need for healthcare services and medications 10. NCDs and multimorbidity are particularly common
in older adults (50 or older) and are often concentrated among those of lower socioeconomic status 11.
Inequalities in health are also pronounced in Brazil and have been widely documented 12.

In the past decades, prevalence of chronic non-communicable diseases, such as diabetes, hyper-
tension, stroke, and arthritis have been consistently higher for individuals with low schooling level,
compared to those with a higher education 13. However, distinct patterns seem to be emerging over
time for different conditions. Evidence of this evolving pattern was described by Beltran-Sanchez &
Andrade 8, using a series of cross-sectional surveys between 1998 and 2013. They found that educa-
tional inequality for diabetes grew consistently over this period, whereas, for hypertension and heart
disease, educational inequality remained mostly stable. While Brazil had seen progress in reducing
inequalities for some health outcomes, especially for children 1415, the period since 2015 has seen
worsening of socioeconomic conditions and reduced government expenditures on poverty allevia-
tion programs, as well as other social services, such as healthcare via the Brazilian Unified National
Health System (SUS) 16, It is currently unknown how such circumstances have affected the NCDs and
the related inequalities within the country.

This study intends to stimulate a debate about (1) whether rising NCDs - especially during a
period of increasing social and economic inequalities amidst an erosion of government support for
public services — are primarily experienced by those in the lowest socioeconomic position, and (2)
what course(s) of action would be most effective in combatting persistent health inequities by socio-
economic position and other factors, such as geography.

Methods

Data from two cross-sectional population-based surveys, the 2013 and 2019 editions of the Brazilian
National Health Survey (PNS) were used, conducted by the Brazilian Institute of Geography and Sta-
tistics IBGE) in partnership with the Brazilian Ministry of Health to provide estimates that are rep-
resentative at the national, regional, state, and state capital levels 17. The PNS uses a complex sample
design in three stages. In the first stage, primary sampling units (PSU), represented by census tracts,
are randomly selected from a master file of census tract stratified by geographic region, and urban/
rural situation. In the second stage, households are selected from PSUs. Finally, participants are
randomly selected from the households. Pre-scheduled face-to-face interviews are conducted using
structured questionnaires that cover a range of demographic, socioeconomic, and health-related
questions 17,18, A recently released version of the PNS 2013 was used, in which IBGE had recalibrated
the expansion factors to make the 2013 PNS comparable with the 2019 study 19. Our analytic sample
included 60,202 and 88,509 respondents aged 18 or older, from the PNS 2013 and PNS 2019, respec-
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tively. Approximately 6% of the respondents had at least one missing response and were dropped from
the analyses resulting in a final sample size of 139,322.

Self-reported data were used on seven chronic conditions, i.e., hypertension, arthritis, asthma,
cancer, depression, diabetes, and hearth disease. Presence of these conditions among respondents was
confirmed by the question: “Have you ever been told by a doctor that you had (insert condition)?” in
both surveys. Also, it was used measures of weight and height collected from participants to calcu-
late BMI. Obesity was defined as a BMI greater than 30kg/m2. Measures of weight and height were
obtained from all respondents in 2013 and a subsample of respondents (n = 6,571) in 2019. Two other
outcome variables were established, “any chronic condition”, defined as any of the eight conditions or
risk factors previously listed, and “multimorbidity”, defined as two or more of those chronic condi-
tions or risk factors.

Respondent’s education was classified into four categories: less than primary (including those
unable to read or write), primary complete (including those with only a few years of secondary
school), high school complete, and incomplete or complete higher education. Education was con-
firmed by the same question in both surveys.

Also, data on age (a continuous measure of age was interacted with its square to capture the non-
linear effects of age on each outcome), birth sex (male, female), dummy variables for each Brazilian
Federative Units and the Federal District (hence referred to as states), and a measure of wealth derived
from principal components analysis of a list of household goods (e.g., T.V., refrigerator, washer,
microwave, computer, car, internet service, landline, cell phone, and other common household items)
were used and categorized into quintiles. The same variables were used in both surveys to construct
all measures.

Statistical analysis

Proportions/means and 95% confidence intervals (95%CI) for age, sex, education category, and
income by survey year were described. Prevalence rates for all outcomes, eight chronic conditions
and/or risk factors, and two combinations, i.e., any chronic and multimorbidity by survey year were
also described. Considering the complex, weighted survey design, design-corrected F and t-tests were
used to test the differences between the two surveys and adjusted Wald tests for hypothesis testing 20.
Previous analysis using PNS data have shown that combining data from different versions of a survey
can produce unbiased estimates if the survey designed is properly accounted for in the analysis 21.

The associations between health outcomes and sociodemographic characteristics were estimated
using robust survey-weighted Poisson regression to obtain adjusted prevalence ratios. These mod-
els were adjusted for age, age-squared, sex, state fixed effects, education level, wealth quintiles, and
survey year as defined above. Interaction terms between educational level and survey year were not
statistically significant and, therefore, were not included in analyses 8.

To explore health inequities, the slope index of inequality (SII), the relative index of inequality
(RII), and the population attributable fraction (PAF) were compared. The SII and RII are regression-
based inequality metrics used to quantify the socioeconomic gradient of a given outcome in absolute
and relative terms, respectively. These measures of inequality consider changes in the proportion of
people across different socioeconomic groups, and thus can be used to compare inequalities across
different periods and populations 22.23. The PAF was also calculated. In our case, the PAF represents
the fraction of the outcome that could have been avoided if the exposure (low educational attainment,
defined here as less than high school) was reduced to zero and everyone had at least completed high
school. A generalized linear model (GLM) with binomial distribution were used with a logit link
function to estimate the SII and a log link function to estimate the RII, following standard practice
for equity analyses 2425. The exponentiated values for the RII were presented in order to interpret
in a way similar to odds ratios, also following standard practice 25. To assure comparability between
years and by state, GLM models were adjusted for age and sex. The postestimation command “punaf”
were used in Stata 26 after estimating robust Poisson regression models adjusted for age, age-squared,
sex, and the wealth index in order to calculate PAF and its 95%CI. Finally, to explore whether the
relationship between NCD prevalence and education-related inequality changed from 2013 to 2019,
the 27 Federative Units of Brazil RII and prevalence rates were estimated for two outcomes with high
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national levels of inequality in 2013 (diabetes and multimorbidity) plotting the RII against NCD prev-
alence and assessing the fit for each year using fractional polynomial regression, given the complex,
non-linear relationship among variables. An estimation about these state-specific measures was car-
ried out by using the “subpop” command in Stata separately for each state and year. Stata 17 (https://
www.stata.com) software program was used for all analytical procedures. All analyses accounted for
complex survey design and individual sampling weights.

This study used publicly-available and de-identified versions of the PNS 2013 and 2019 sur-
veys and was, therefore, considered exempt from further reviews with human. The 2013 PNS was
approved by the Brazilian National Research Ethics Committee (CONEP) in June 2013 (n. 328,159)
and the 2019 PNS in August 2019 (n. 3,529,376).

Results

Table 1 shows the increased mean age from 42 to 44 years between 2013 and 2019. A little more than
50% of the sample was female in both years. The distribution of educational attainment changed
between 2013 and 2019; the proportion of the population that did not complete primary school
reduced from 39% in 2013, to 35% in 2019, (p < 0.001). Meanwhile the proportion of those with higher
education increased from 17%, in 2013, to 20%, in 2019 (Table 1).

Prevalence rates for all NCDs also increased. In 2013, unadjusted prevalence rates varied from
22% for hypertension to 1.8% for cancer. One out of five people was obese; more than one-third of
the population had at least one chronic condition/risk factor, and 1 out of 10 had multimorbidity in
2013. In 2019, unadjusted prevalence rates varied from 25% for hypertension to 2.2% for cancer. In
2019, obesity was present among one out of four people. The proportion of the population with any
chronic condition/risk factor (41%) and comorbidity (16%) also increased compared to the previous
period (Table 1) (p < 0.001).

In analyses controlling for individual-level factors including age, sex, and wealth, we confirmed
the increase in prevalence of chronic conditions and risk factors over time (Table 2). Obesity and
depression had the largest percent increases in 2019, with rates 24% and 30% higher than those
observed in 2013, after controlling for changing demographic characteristics between the two peri-
ods. We associated educational attainment with most NCDs, except for asthma and cancer. For most
conditions, we related higher education with lower prevalence rates; individuals with incomplete
or complete higher education were 40% less likely to report diabetes, 24% less likely to report mul-
timorbidity, 23% less likely to report hypertension, 20% less likely to report arthritis, 19% less likely
to report obesity and heart disease, and 8% less likely to report any chronic condition, compared to
those with less than primary education, after adjusting for covariates. Individuals who completed high
school were 17% less likely to report depression than those with less than primary education, however
individuals with incomplete or complete higher education were as likely to report depression as those
with less than primary education (Table 2).

Table 3 shows all three measures of inequality. The RII shows that most conditions presented
significant educational inequalities in 2013 (except for obesity and depression) and 2019 (except for
obesity). Consistent with results for adjusted prevalence rates, the relative indices of educational
inequality show that the probability of diabetes, hypertension, heart disease, arthritis, any chronic
condition, and multimorbidity are higher among those with a lower educational attainment. Diabetes
had the largest relative and absolute inequality (RII = 1.61 in 2013 and 1.86 in 2019; SII = 0.55in 2013
and 0.73 in 2019), as well as the largest PAF among all NCDs, with estimates indicating that 21.7% and
18.8% of the diabetes cases could have been avoided in 2013 and 2019, respectively, if the exposure
(low education attainment) was reduced to zero and if everyone had at least completed high school.
The prevalence of any chronic condition and multimorbidity also presented relative and absolute
inequities with much larger indices for multimorbidity (RII = 1.22in 2013 and 1.31in 2019; SII = 0.25
in 2013 and 0.38 in 2019) (Table 3).

Relative indices for cancer and asthma showed that the probability of these conditions increases
with higher (rather than lower) educational attainment. This pattern was consistent for relative and
absolute measures, but the PAF values for these two NCDs were less reliable. For depression, absolute
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Table 1

EDUCATION-RELATED HEALTH INEQUITIES IN NONCOMMUNICABLE DISEASES

Characteristics of the study population by year of survey. Brazilian National Health Surveys (PNS) 2013 and 2019.

Characteristc 2013 (N = 60,202) 2019 (N = 88,509) Change Test for difference
Mean 95%Cl or SD Mean 95%Cl or SD Mean 95%Cl or SD (2019-2013)

Age 42.9 0.14 44.9 0.12 2.01 0.18 p <0.0001
Female (%) 52.9 52.1,53.7 53.2 52.6, 53.8 0.3 -1.1,1.7 p =0.598
Education

Less than primary 39.0 38.1,40.0 34.8 34.1,35.4 -4.2 -5.9,-2.7

Primary complete 15.5 15.0, 16.1 14.5 14.1,14.9 -1.0 -2.0,-0.1 p <0.0001

High school complete 28.1 27.4,28.8 28.8 29.2,30.4 0.7 0.4,3.0

Higher education or more 17.4 16.6,18.2 20.9 20.2,21.7 3.5 2.0,5.1
Income BRL 1,177 24.7 BRL 1,618 24.7 BRL 441 35.0 p <0.0001
Obesity (%) 20.8 20.2,21.4 26.5 23.6,29.7 5.7 22,95 p =0.0001
Hypertension 22.0 21.4,22.7 25.9 25.4,26.4 3.9 2.7,5.0 p <0.0001
Arthritis 6.4 6.1,6.8 7.6 7.2,7.9 1.2 04,1.8 p <0.0001
Asthma 4.4 4.1,4.7 5.3 5.0,5.5 0.9 03,14 p <0.0001
Cancer 1.8 1.6,2.1 2.6 24,27 0.8 0.3, 1.1 p <0.0001
Depression 7.6 7.2,8.1 10.2 9.8,10.6 2.6 17,34 p <0.0001
Diabetes 7.0 6.7,7.4 8.2 7.9, 8.6 1.2 0.5,1.9 p <0.0001
Heart disease 4.1 3.8,4.49 5.3 5.0,5.6 1.2 0.51,1.8 p <0.0001
Any chronic condition 35.3 34.6,36.0 41.8 41.2,42.4 6.5 5.2,7.8 p < 0.0001
Multimorbidity 12.7 12.2,13.2 16.1 15.6,16.5 34 24,43 p <0.0001

95%Cl: 95% confidence interval; SD: standard deviation.

Source: PNS 2013 and 2019.

Notes: weighted proportions, means, and 95% confidence intervals are adjusted for survey design. Health conditions were self-reported based on the

question: “Have you been told by a health care provider that you have (insert condition)?”. Obesity was defined as BMI larger than 30kg/m2. Measures of

weight and height were obtained from all respondents in 2013 and a subsample of respondents (n = 6,571) in 2019.

and relative inequality seems to be shifting from null to higher probability of depression with higher
educational attainment (Table 3).

Regarding the state-level estimates of the relationship between relative inequalities (RII) and
prevalence rates for diabetes for the two periods, Figure 1 shows increases in both diabetes prevalence
and relative inequality between 2013 and 2019. State diabetes prevalence rates were not significantly
correlated with the RII in 2013 or 2019 (p > 0.05). In general, the pattern indicates that for states
with prevalence rates below the national average, the RII tended to rise along with prevalence rates.
Whereas for states that had prevalence rates above the national average, inequality seems to decline
slightly even as prevalence increased. By 2019, some of the richer states, e.g.,, Minas Gerais, Parang,
Rio Grande do Sul, and Sao Paulo, showed both the highest prevalence rates and highest rates of
inequalities (RII).

Figure 2 presents the relationship between state-level multimorbidity estimates and their relative
inequality related to education. We observed a clear pattern of increasing prevalence of multimorbid-
ity with most states shifting right in 2019 (blue) compared to 2013 (red). Prevalence rates were weakly
correlated with the RII in 2013, which became stronger in 2019 (p < 0.01). We also observed some
influential outliers, e.g., Maranhdo and Goias, which presented high RII for relatively low prevalence,
particularly in 2013. Some of the richest states, e.g., Rio Grande do Sul, Minas Gerais, Sao Paulo, and
Rio de Janeiro, had higher prevalence rates, as well as higher inequalities relative to the national aver-
age for both years.
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Table 2

Factors associated with chronic conditions, Brazilian adults aged 18 and older. Brazilian National Health Surveys 2013-2019.

Obesity Hypertension Arthritis Asthma Cancer Depression Diabetes Heart Any Multimor-
disease chronic bidity

Male 0.69* 0.77 * 0.38 * 0.71 * 0.81%* 0.36* 0.89 * 0.96 0.75* 0.56 *
(95%Cl) (0.65,0.73) (0.75,0.80) (0.35,0.42) (0.65,0.77) (0.71,0.91) (0.33,0.39) (0.83,0.95) (0.89,1.04) (0.73,0.76) (0.54,0.59)
Age [years] 1.08 * 1.15%* 117 * 0.97 * 1.15%* 1.08 * 1.22 % 1.09 * 1.08 * 1.16 *
(95%Cl) (1.07,1.09) (1.15,1.16)  (1.15,1.18) (0.96,0.98) (1.12,1.18) (1.07,1.10) (1.20,1.24) (1.07,1.11) (1.07,1.08) (1.15,1.17)
Primary 0.98 0.98 1.04 0.99 0.98 0.95 0.97 0.98 0.98 1.01
complete (0.90,1.07) (0.93,1.03) (0.94,1.16) (0.87,1.14) (0.80,1.21) (0.86,1.05) (0.87,1.08) (0.85,1.12) (0.95,1.02) (0.94, 1.08)
[vs. less]
(95%Cl)

High school 0.93 **
complete (0.87, 1.00)
(95%Cl)

Higher 0.81*
education (0.74, 0.90)
and more

(95%Cl)

2019 [vs. 1.24*
2013] (1.11,1.39)
(95%Cl)

N 60,839

0.87 * 0.93 0.90 1.07 0.83 * 0.79 * 0.84 *** 0.89 * 0.86 *
(0.83,0.91) (0.84,1.03) (0.79,1.02) (0.91,1.27) (0.76,0.90) (0.72,0.88) (0.73,0.96) (0.87,0.92) (0.81,0.91)

0.77 * 0.80 * 1.08 1.45 0.99 0.60 * 0.81 *** 0.92* 0.76 *

(0.73,0.81)  (0.71,0.90) (0.94,1.23) (1.20,1.76) (0.90, 1.10) (0.53,0.68) (0.70,0.94) (0.88,0.95) (0.71,0.83)

1.09 * 1.08 ** 1.19* 1.21 *%% 1.30* 111 * 1.17 *%* 1.1 *%* 1.15%*

(1.05,1.12)  (1.00, 1.16) (1.09,1.29) (1.06, 1.38) (1.22,1.40) (1.04,1.19) (1.07,1.29) (1.09,1.14) (1.10,1.21)

139,322 139,322 139,322 139,322 139,322 127,509 139,322 139,322 139,322

95%Cl: 95% confidence interval.

Source: PNS 2013 and 2019.

Notes: figures are adjusted prevalence ratios and their 95%Cls from robust survey-weighted Poisson regression. Models additionally control for

age-squared, wealth quintiles derived from principal components analysis of a list of common household goods and state fixed effects. Obesity is

calculated from directly measured height and weight and was only assessed in a subsample in 2019.

*p <0.05;
**p<0.01;
*%% p <0.001.

Discussion

We found that NCDs and related risk factors increased in Brazil from 2013 to 2019, ranging from
an 8% increase in the adjusted prevalence of arthritis to a 24% increase in the adjusted prevalence
of obesity. Generally, those conditions that had education-related inequalities in 2013 continued to
present inequalities in 2019 of a similar or larger magnitude.

Regarding specific conditions for diabetes, hypertension, heart disease, and arthritis, we observed
significant inequity concentrated among those with the lowest levels of education, with highly con-
sistent and clear patterns over time. However, cancer and asthma followed different patterns, as well
as were primarily concentrated among those with more education, even after controlling for age and
wealth quintiles. Depression showed a pattern that seems to be changing over time, from a more equal
distribution (and low prevalence) in the early period to increased burden among higher education
groups in 2019. Relative and absolute inequalities were also present for the prevalence of any chronic
condition and multimorbidity, with much higher indices for multimorbidity consistently across the
three measures. For obesity, inequality was not present when using the full education distribution in
the RIL This finding could be due to the large uncertainty around the point estimates, a consequence
of the relatively small number of participants for which height and weight measures were collected.
Finally, we found evidence of a correlation between changes in state prevalence rates, as well as in
relative inequality for multimorbidity, but the pattern for diabetes was more complex. Nevertheless,
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Table 3

Adjusted * education-related inequalities, by year and condition. Brazilian National Health Surveys 2013-2019.

2013 2019
RII ** (95%Cl) SIl ** (95%Cl) PAF *** (95%Cl) RII ** (95%Cl) SII ** (95%Cl) PAF *** (95%Cl)

Obesity 1.00 -0.02 5.54 1.07 0.01 4.55
(0.91, 1.11) (-0.15, 0.11) (1.95, 9.01) (0.79, 1.45) (-0.42, 0.45) (-4.13, 12.50)
Hypertension 1.30 # 0.40 # 10.93 1.40 # 0.60 # 10.85
(1.18, 1.43) (0.26, 0.55) (6.71, 14.96) (1.31, 1.49) (0.50, 0.71) (8.36, 13.28)
Arthritis 1.31 ## 0.32 ## 8.98 1.30 ## 0.33# 9.90
(1.07, 1.60) (0.09, 0.54) (0.24, 16.95) (1.11,1.52) (0.15, 0.52) (3.53,15.85)
Asthma 0.76 ### -0.28 ### 1.37 0.69 # -0.39# 2.55
(0.60, 0.97) (-0.54, -0.03) (-6.79, 8.90) (0.57,0.84) (-0.60, -0.18) (-3.17,7.95)
Cancer 0.36# -1.08 # -26.00 0.48 # -0.77 # -6.49
(0.25, 0.52) (-1.46, -0.69) (-47.14, -7.89) (0.38,0.61) (-1.02,-0.51) (-17.97, 3.87)
Depression 1.05 0.05 9.58 0.84 * -0.21 ** 4.24
(0.87,1.27) (-0.16, 0.27) (3.03, 15.69) (0.74, 0.96) (-0.37,-0.06) (0.22, 8.10)
Diabetes 1.61# 0.55# 21.72 1.86 # 0.73 # 18.88
(1.31, 1.99) (0.31,0.78) (12.51, 29.96) (1.61, 2.15) (0.57, 0.90) (12.79, 24.54)
Heart disease 1.35 #i 0.32 ### 15.38 1.19 #i# 0.20 ### 10.51
(1.03, 1.78) (0.03,0.67) (3.29, 25.95) (1.00, 1.42) (0.01, 0.39) (2.22,18.11)
Any chronic conditions 1.02# 0.16 ### 7.34 1.01# 0.15 ## 5.03
- (0.03, 0.28) (4.63,9.98) - (0.05, 0.24) (3.30, 6.73)
Multi-morbidity 1.22 ## 0.25 ## 12.84 1.31# 0.38 # 12.62
(1.07, 1.39) (0.07,0.42) (6.96, 18.35) (1.20, 1.42) (0.25, 0.50) (9.04, 16.05)

95%Cl: 95% confidence interval; PAF: population attributable fraction; RIl: relative index of inequality; Sll: slope index of inequality.

Note: models that did not fully convergence do not contain a 95% confidence error.

* Results adjusted for age, sex, survey year and weights, and sampling design;

**%RIl> 1 or Sl > 0 indicate higher prevalence among groups with lower (vs. high) educational attainment. Values of the RIl < 1 and values for the SIl <0
indicate higher prevalence among groups with higher educational attainment;

*** PAF calculated in terms of a scenario in which all individuals completed at least secondary education and, besides, controlled for wealth quintiles.
PAF is the proportion of cases that could have been avoided if the exposure (low educational attainment) were reduced to zero;

#p <0.001;

### p < 0.05;

#p<0.01.

for both outcomes, some of the richest states in the country presented the highest levels of inequity,
especially in 2019.

This study has several significant limitations. The first limitation stems from the self-reported
nature of the chronic conditions examined here (except for obesity, which was objectively measured).
As access to care is correlated with educational attainment, it is likely that the inequalities observed
here have been underestimated. The second, although we have two time periods to observe, each
data point comes from a cross-sectional survey. Therefore, we cannot track individuals over time to
directly estimate how changes in individual socioeconomic circumstances may have affected people’s
health and well-being during this period. Finally, we only explore a small number of outcomes and
assess inequities only through the lens of education. We observed many other dimensions of health
inequality, such as those assessed by differences in racial identity, gender, and sexual orientation,
belonging to an indigenous population, with a physical or mental disability, and the many possible
intersections between these categories. We also found ways of assessing social stratification besides
education, such as via income, consumption, and occupation. Each of these dimensions could yield
different patterns of NCD inequities 27. Despite these limitations, we found several information in
this analysis that may benefit from further debate and analysis.
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Figure 1

Diabetes prevalence and educational inequalities (RIl), by Federative Units of Brazil (states and the Federal District). Brazilian National Health Surveys
2013 and 2019.
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Federative Units: AC: Acre; AL: Alagoas; AM: Amazonas; AP: Amapa; BA: Bahia; CE: Ceard; DF: Distrito Federal; ES: Espirito Santo; GO: Goias; MA:
Maranhdo; MG: Minas Gerais; MS: Mato Grosso do Sul; MT: Mato Grosso; PA: Pard; PB: Paraiba; PE: Pernambuco; PI: Piaui; PR: Parana; RJ): Rio de Janeiro;
RN: Rio Grande do Norte; RO: Rondénia; RR: Roraima; RS: Rio Grande do Sul; SC: Santa Catarina; SE: Sergipe; SP: Sdo Paulo; TO: Tocantins.

RIl: relative index of inequalities.

Note: solid red lines represent national RIl and multimorbidity prevalence for the country as a whole, whereas dashed blue lines represent the same
respective values for 2019. R-squared values from fractional polynomial regression of RIl on prevalence rates for each year.

The major question that arises from this analysis is why did we not see substantially increased
inequities for all conditions? It is important to emphasize how significant the change in the socioeco-
nomic context has been in Brazil. In 2013, unemployment was 6.98%, close to 2015 historic low of
6.6%. By 2019, it had nearly doubled to 12.08%. Unemployment was the highest for the youth (23.8%
for the 18-24 age group), women (13.1 vs. 9.2% for men), and for those with less schooling (18.5%
for those with incomplete secondary vs. only 5.6 for those with tertiary education) 28. Poverty also
increased during this time. From 2014 to 2016, the number of Brazilians living in extreme poverty
(defined as less than USD 1.90 per day in 2011 purchasing power parity — PPP) reached 8 million.
Whereas some aspects of economic recovery began in 2017, growth was unevenly distributed and,
consequently, the number of people living in extreme poverty continued to grow, reaching 9.3 mil-
lion by 2018 28. Brazilians also experienced significant loss of purchasing power as the average cost
of staple foods and necessities increased during this period. In 2016, the purchasing power of the
minimum wage (about BRL 880 per month) was the lowest since 2009, based on the cost of a month’s
supply of staple foods for a family of four 29.

One explanation for our findings could be lower rates of disease diagnosis, especially among those
with lower educational attainment. This could result from the unequal distribution of resources for
NCD screening (such as the availability of mammograms or mental health professionals), so that
populations with greater education may be more likely than those with lower education to receive
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Figure 2

Multimorbidity prevalence and educational inequalities (RIl), by Federative Units of Brazil (states and the Federal District). Brazilian National Health
Surveys 2013 and 2019.
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Federative Units: AC: Acre; AL: Alagoas; AM: Amazonas; AP: Amapa; BA: Bahia; CE: Ceard; DF: Distrito Federal; ES: Espirito Santo; GO: Goids; MA:
Maranhdo; MG: Minas Gerais; MS: Mato Grosso do Sul; MT: Mato Grosso; PA: Pard; PB: Paraiba; PE: Pernambuco; PI: Piauf; PR: Parana; RJ): Rio de Janeiro;
RN: Rio Grande do Norte; RO: Ronddnia; RR: Roraima; RS: Rio Grande do Sul; SC: Santa Catarina; SE: Sergipe; SP: Sdo Paulo; TO: Tocantins.

RIl: relative index of inequalities.

Note: solid red lines represent national RIl and multimorbidity prevalence for the country as a whole, whereas dashed blue lines represent the same
respective values for 2019. R-squared values from fractional polynomial regression of RIl on prevalence rates for each year.

diagnoses of common cancers or depression 30. It could also stem from recent national reductions in
healthcare supply, due to the elimination of the Programa Mais Médicos (More Doctors Program) pro-
gram, which made the distribution of primary care doctors more equitable, especially in remote areas
31, and cuts in healthcare spending: government expenditures on health decreased from USD 436.8 or
44.5% of healthcare spending in 2013, to USD 353.5 or 41.6% in 2018, adjusting for inflation 28. How-
ever, the PNS data (Supplementary Material: http://cadernos.ensp.fiocruz.br/static//arquivo/suppl-
€00137721_4796.pdf) show that rates of medical appointment in the past year actually increased over
this period from 74.1% in 2013 to 80.7% in 2019 (p < 0.001 for difference between years). Regarding
NCD screening, we found increasing reports of recent blood pressure reading (from 80.5% in 2013
to 83.5% in 2019; p < 0.001 for difference between years) during this period, with similar rates for
those in the lowest educational level (83.6% for those with less than high school education vs. 88.6%
for those with incomplete or complete higher education).

Another possible explanation for the lack of substantial increases in NCD inequities is that mor-
tality increased among those with lower education, as we introduced survivor bias into these results.
One example might be late diagnosis of and premature mortality from cancer among those with
lower educational attainment 3233. Based on the existing literature, it is unclear exactly how much
such phenomena may be generating inequities in NCDs in general, but, for some conditions, higher
prevalence rates among those with higher education may be a clear marker of unequal screening,
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treatment, and survival — all of which would likely affect our estimates of health inequities and their
evolution over time 34.

Given that respondents reported increased rates of health service utilization, it is also possible that
SUS helped to dampen at least some of the negative socioeconomic effects, especially among lower
education populations — whereas those with higher education may have had greater problems paying
for private sector coverage. Along with the PNS data (Supplementary Material: http://cadernos.ensp.
fiocruz.br/static//arquivo/suppl-e00137721_4796.pdf) we observed that a statistically significant
decrease in private health plan coverage (from 30.1% in 2013 to 27.02% in 2019, p < 0.001) and that
these reductions were considerable even among those with lower educational attainment. Moreover,
the coverage of adults in the Family Health Strategy (FHS) also increased from 54.5% in 2013 to 61.5%
in 2019 (p < 0.001). This change was concentrated primarily among those with lower education: the
lowest education group increased from 64% FHS coverage in 2013 to 72% in 2019 (p < 0.001). Previ-
ous studies have documented the important role that FHS coverage has performed in the reduction
of adult mortality and hospitalizations, especially those resulting from chronic conditions 35.36,37. We
note that in the PNS, FHS coverage rate is self-reported and may reflect both expansion of the pro-
gram and increased awareness of it by survey participants.

Still another explanation is that the fairly stable levels of inequities observed here may be a result
of the time it takes for chronic conditions to develop. The significant increase in rates of obesity and
hypertension may be indications of an incoming “wave” of chronic disease. Other longer-term process
may also have initiated. Given the worsening economic conditions of families for those in the lowest
socioeconomic position over this period, we may expect increased risk of certain chronic diseases
and risk factors (obesity, diabetes, cardiovascular disease) due to maternal stress and malnutrition, as
well as adverse early life experiences related to poverty 38. These factors may have already occurred,
with their effects unlikely to be seen for decades 39. This argument is an additional justification for
returning full funding to educational programs that include early childhood development, as well as
conditional cash transfers, such as Bolsa Familia Program (Brazilian Income Transfer Program), which
helped to reverse at least some of the negative effects of such early-life experiences 4041,

The second point for discussion is around the development of strategies to prevent and control
NCDs and inequalities in their distribution going forward. Our results corroborates with previous
studies that indicate the need to adopt public policies that have the potential to reach a large share of
the population by targeting major risk factors for NCDs, such as diet. In 2019, Brazil approved regu-
lation to reduce and eventually to ban trans-fat from industrially processed foods by 2023 42. This
type of population-based approach reduced social inequalities because it reaches a broader base of
the population, rather than targeting only people at high risk 43. Salt and sugar reduction in processed
foods is also a promising way to promote healthier diets and Brazil took important steps to partner
with the industry to reduce salt and sugar content in processed food 44. However, these policies
need to work in conjunction with programs to increase the availability of unprocessed or minimally
processed foods, particularly fruits and vegetables 45 to the poorest and those who have been most
affected by the current economic and health crisis.

Another strategy could focus directly on the social determinants of health. If education is a risk
factor (as the PAFs indicate), can we consider investing in education an effective public health strat-
egy? Whereas the PAFs show undue burden among those with low educational attainment, funda-
mental cause theory posits that social inequalities may be replicated even among new circumstance
and that only a comprehensive set of policies addressing the social determinants of health can drive
meaningful change in health inequalities 46. Some of these policies may include those tied to reduc-
ing poverty (e.g., strengthening the Bolsa Familia Program conditional cash transfer program or
other approaches to poverty alleviation), expanding basic education, or more radically, instituting
a more progressive income tax code 47. These proposals would probably not only be controversial
among some members of the general public but may also generate fierce opposition from powerful
economic groups. However, some research suggests that people may be more open to supporting
more redistributive policies after facing economic hardship themselves 48. Other researchers indi-
cate how these bold proposals should be framed and communicated to garner the greatest popular
support 4950, Nevertheless, it is open for debate what would be a successful strategy to increase invest-
ment in policies that reduce health inequalities and whether framing these policies as “health-related”
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would provide greater political support for them rather than discussions that frame them in other
ways, such as their importance for economic growth, contribution to social justice, or necessity to
fulfill human rights obligations.

Finally, regarding the considerable differences in health inequities among different Brazilian
states, another way would be to address the large and relatively persistent geographic differences
seen among regions and states in healthcare resources, risk factors, and health outcomes 51. Analyzing
their differences in population size and composition, it is tempting to ask if some differences in NCD
inequities merely reflect different stages of the epidemiologic transition 52. Whereas such epidemio-
logic and demographic patterns cannot be ignored, they likely reflect underlying historical patterns
of social disinvestment in certain regions and areas 53,54, The question then is whether approaches
to address inequalities in the social determinants of health should focus on individuals (through
programs and services), smaller areas that have the highest inequities (such as the poorest neighbor-
hoods within cities), or the larger geographic regions or states. If the latter, there appears to be mixed
evidence on the most effective types of investments in reducing health inequalities 55 suggesting the
need for a broad scoping of available strategies that would be most appropriate for each geographic
area of focus and purpose (i.e., broader population-based strategies for primary prevention versus
more focused ones for those who already have a chronic condition).

In conclusion, we found that the prevalence of NDCs increased in Brazil between 2013 and 2019,
a period in which the country suffered a devastating economic recession and deteriorating national
efforts toward reducing health inequities and the factors that cause them. Despite the increase in NCD
prevalence overall, we did not see significant increases in education-based inequities in the same
period, instead, for most NCDs, it remained of similar magnitude for the two periods. These results,
although far from being conclusive, intended to initiate the discussion on the persistence of health
inequities in Brazil, and more importantly, to stimulate a debate on the most effect ways to combat
the factors that cause them.
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Resumo

O artigo avalia mudangas na prevaléncia e dis-
tribuicao de doencas cronicas nao transmissiveis
(DCNTS) e fatores de risco associados entre adultos
brasileiros nas edicoes de 2013 e 2019 da Pesquisa
Nacional de Satide (PNS), com base na hipdtese
de que a piora das condicoes socioeconomicas du-
rante o periodo tenha levado a um aumento das
DCNTs entre as populagoes mais vulnerdveis. Es-
timamos razdes de prevaléncia ajustadas por cate-
goria de escolaridade e trés medidas de desigualda-
de — indice de desigualdade absoluta (SII), indice
relativo de desigualdade (RII) e fracao atribuivel
a populacao (PAF) — para obesidade, hipertensao,
artrite, asma, cancer, depressdo, diabetes, doengas
cardiacas, qualquer condicao crénica e multimor-
bidade, por ano da pesquisa. Para as 27 Unidades
da Federacao, estimamos também as taxas de pre-
valéncia de diabetes e de multimorbidade por ano
e cotejamos os RII com as taxas de prevaléncia por
ano. Os resultados mostram que todas as DCNTs
aumentaram ao longo do periodo de observacao,
desde um aumento de 8% na prevaléncia ajustada
de artrite a um aumento de 24% na prevaléncia
ajustada de obesidade. As medidas de desigualdade
revelam que a maioria das DCNTs mostrou ine-
quidades significativas em relacdo a escolaridade,
tanto em 2013 quanto em 2019. Entretanto, em
média, as inequidades com base na escolaridade
nao mudaram entre os dois periodos. Devido a de-
terioracdo das condi¢des socioeconémicas para a
maioria dos brasileiros, a erosdo das protecdes so-
ciais e a continuagdo das crises economica, politica
e sanitdria enfrentadas pela nacdo, hd necessidade
urgente de um debate sobre as melhores politicas
e programas de saiide para promover a equidade
e reduzir desigualdades socieconomicas e geogrdfi-
cas das DCNTs em todo o pais

Iniquidades em Satide; Doencas Nao
Transmissiveis; Educacdo; Fatores Socieconomicos
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Resumen

Este trabajo evaliia los cambios en la prevalencia
y distribucion de las enfermedades no transmisi-
bles (ENT) y factores de riesgo relacionados entre
adultos brasilefios en las Encuestas Nacionales
de Salud (PNS) de 2013y 2019, basadas en la
hipdtesis de que las condiciones econdmicas en de-
terioro durante este periodo conducirian a ENTs
entre los grupos de poblacion menos favorecidos.
Estimamos las ratios de prevalencia ajustados por
categoria de educacion y tres medidas de desigual-
dad -la curva del indice de desigualdad (SII), el
indice relativo de desigualdad (RII), y la fraccion
atribuible de poblacién (PAF)- para obesidad, hi-
pertension, artritis, asma, cdncer, depresion, diabe-
tes, enfermedad cardiovascular, padeciendo alguna
condicion cronica, y multimorbilidad por afio de
encuesta. También estimamos 27 estados de RII y
tasas de prevalencia para la diabetes y multimor-
bilidad por atio, y se plantearon los RII frente a la
prevalencia por atio. Los resultados muestran que
todas las ENTS se incrementaron durante el perio-
do observado, yendo desde un 8% de incremento en
la prevalencia ajustada por artritis hasta un 24%
de incremento en la prevalencia ajustada por obe-
sidad. Las medidas de desigualdad muestran que
la mayoria de las condiciones expuestas presentan
inequidades educacionales significativas, tanto en
2013, como en 2019. No obstante, como promedio,
las inequidades relacionadas con la educacion no
cambiaban significativamente durante los dos pe-
riodos. Debido al deterioro de las condiciones so-
cioecondmicas de la mayoria de los brasilefios, la
erosion de la proteccion social, y las continuas cri-
sis econdémicas, politicas, y de salud, que enfrenta
la nacion, existe una urgente necesidad de debatir
sobre el mejor camino para adoptar medidas que
promuevan la equidad en las politicas de salud y
sus programas, asi como acciones para conseguir
reducciones en las desigualdades socioeconémicas
y geogrdficas en las ENTs en todo el pais.
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