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Abstract
Objectives To analyze the agreement between self-reported race and race reported on death certificates for older

(C 60 years) residents of São Paulo, Brazil (from 2000 to 2016) and to estimate weights to correct mortality data by race.

Methods We used data from the Health, Well-Being and Aging Study (SABE) and from Brazil’s Mortality Information

System. Misclassification was identified by comparing individual self-reported race with the corresponding race on the

death certificate (n = 1012). Racial agreement was analyzed by performing sensitivity and Cohen’s Kappa tests. Multi-

nomial logistic regressions were adjusted to identify characteristics associated with misclassification. Correction weights

were applied to race-specific mortality rates.

Results Total racial misclassification was 17.3% (13.1% corresponded to whitening, and 4.2% to blackening). Racial

misclassification was higher for self-reported pardos/mixed (63.5%), followed by blacks (42.6%). Official vital statistics

suggest highest elderly mortality rates for whites, but after applying correction weights, black individuals had the highest

rate (45.85/1000 population), followed by pardos/mixed (42.30/1000 population) and whites (37.91/1000 population).

Conclusions Official Brazilian data on race-specific mortality rates may be severely misclassified, resulting in biased

estimates of racial inequalities.

Keywords Heath indicators � Numerator/denominator bias � Racial inequalities � Death certificate � Self-reported race �
Racial classification

Introduction

Information on race or skin color can be obtained through

different methods, such as self-reporting or decided by an

external observer. Although there are several ways to

measure race, racial self-classification is included in the

Census of most countries (Morning 2008; Loveman 2009;

Office for National Statistics 2012; Statistics New Zealand

- Tatuaranga Aotearoa 2013; Strmic-Pawl et al. 2018) and

is frequently considered an appropriate racial information

source for studying health disparity from vital statistics,

disease and illness rates as well as demographic changes on

racial information (Roth 2016). However, vital health

statistic indicators rely on numerator data from death cer-

tificates, which frequently use the race assigned by the

person who filled out the form (e.g., the attending physi-

cian). This may lead to a numerator/denominator bias when

measuring racial inequalities in health, where the denom-

inator comes from self-reported race (frequently the Cen-

sus), while the numerator is provided from death

certificates (Travassos and Williams 2004; Chiavegatto

Filho et al. 2014).

Despite reports of racial misclassification for some

minority groups, racial segregation in most developed

countries has limited the number of interracial relation-

ships, and racial boundaries are still relatively well-defined
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(Travassos and Williams 2004). Brazil, on the other hand,

has a long history of interracial marriage, despite the fre-

quently reported presence of ‘interviewer whitening’,

where the race of an individual is whitened when described

by another person (Bastos et al. 2008). If this is the case for

death certificates, whites will have an artificially higher

mortality rate, and therefore, a lower life expectancy.

Chiavegatto Filho et al. (2014) applied a correction

factor based on a survey conducted by the Brazilian

Institute of Geography and Statistics (Instituto Brasileiro

de Geografia e Estatı́stica - IBGE) to correct racial life

expectancy at birth. While, originally, mixed races in

Brazil had higher life expectancy than whites, despite

having much lower socioeconomic indicators, this correc-

tion led to a considerably higher life expectancy at birth for

whites (Chiavegatto Filho et al. 2014).

However, it is still unknown if interviewer whitening is

happening on death certificates, and if the tendency is

similar to the one found on surveys. The present study

sought to analyze the agreement between self-reported race

and race reported on death certificates from older

(C 60 years) residents of São Paulo, Brazil, and then, to

estimate weights to correct mortality data by race.

Methods

Study design and participants

We used data from the Health, Well-Being and Aging

Study (SABE), and from the Mortality Information System

(MIS) of São Paulo, Brazil. SABE is a representative

sample of community-dwelling older adults (C 60 years)

of the municipality of São Paulo, Brazil. Details of the

sampling approach have been previously described (Lebrão

and Duarte 2003). Briefly, a sample of elderly residents

was interviewed in three waves: 2143 older adults in 2000;

1413 in 2006 (1115 reassessed individuals and a new

probabilistic cohort of 298); and 1345 in 2010 (978 reas-

sessed individuals and a new probabilistic cohort of 367),

totaling 2808 older adults interviewed. The MIS is the

official Brazilian death registration system coordinated by

the Ministry of Health and its main source of information is

the death certificate (DC), completed by a physician

according to the model provided by the International

Classification of Diseases (ICD) (World Health Organisa-

tion 2016).

For the present study, we considered the individuals who

died up to September 2016. Mortality data for the SABE

study was obtained by probabilistic linkage between SABE

and the MIS of the municipality of São Paulo, using the

indirect method and the phonetic algorithm Soundex, both

from Link Plus software (available in https://www.cdc.gov/

cancer/npcr/tools/registryplus/lp.htm). For this procedure,

we considered the subject’s name, birth date, and mother’s

name as matching variables, and gender as a blocking

variable. All pairs with score above 1 where manually

checked and, when necessary, the address was also added

as a matching variable. We performed a manual review

since we did not have information about death occurrences

for SABE participants before the linkage procedure. A total

of 39.7% (n = 1115) of the 2.808 elderly previously

interviewed where paired with MIS records. Among paired

individuals, 43.8% reported C 4 years of formal education

and 31.0% sufficient income, while for non-paired indi-

viduals, these values were 54.0% and 36.8%, respectively.

Regarding self-reported racial distribution, paired individ-

uals were 71.6% whites, 18.3% pardos and 5.8% blacks,

while non-paired were 64.6%, 26.2% and 5.3%, respec-

tively (supplementary Table 1).

We considered race as a social construct, therefore

subject to changes over time, depending on the situational

context and political definition (i.e., influenced by historic,

economic, cultural factors and other individual and col-

lective characteristics) (Williams 1997). Since the SABE

study is composed of three follow-up waves, the same

individual may have been interviewed in different waves

(supplementary Table 2). For racial comparisons with DC

data, we used the last reported race/skin color, as it is the

closest to the moment of death.

The official classification of race/skin color in Brazil

consists of five categories—white (branco), pardo (official

term for the admixed population), black (preto), Asian

(amarelo) and indigenous (indı́gena). In the SABE Study,

race was self-reported and obtained from the question:

‘Which of the following races/skin colors best describes

you?’ If the response was ‘some other race’ (not included

in the official classification) or ‘not known’/‘no answer’

racial categories, we used the self-reported race/skin color

from the immediately preceding wave (n = 15, 1.3%).

Individuals whose most recent self-classification defined as

indigenous (n = 4, 0.4%) or Asian (n = 37, 3.3%) were

excluded from the misclassification analyses because of

low prevalence. Additionally, self-reported race/skin colors

that were not recognized by the official classification were

discarded (n = 11, 1.0%). The same procedures were

adopted for MIS racial classification records (n = 52,

4.7%).

Statistical analyses

We first performed descriptive analyses to investigate

longitudinal changes in self-reported race. The analysis of

racial misclassification considered race self-reported on

SABE as the reference for comparison with the DC clas-

sification. Racial misclassification was also subdivided into
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whitening (self-reported pardo or black that had their race

reported as white in the DC; and self-reported black that

had their race reported as pardo) and blackening (self-re-

ported white that had their race reported as pardo or black

in the DC; and self-reported pardo that had their race

reported as black in the DC).

Two statistical estimates of DC misclassification were

calculated. First, record-level agreement was estimated

between SABE and the DC through sensitivity, i.e., the

percentage of respondents in a SABE self-identified racial

group who are correctly identified on the DC (Arias et al.

2016). Second, we analyzed agreement between the SABE

and MIS racial information with Cohen’s kappa (k) statis-

tics with a 95% confidence interval (95% CI). We used the

judgment for the estimated kappa on the extent of agree-

ment given by Landis and Koch (1977): k\ 0.00 (no

agreement), from 0.00 to 0.20 (slight agreement), from

0.21 to 0.40 (fair agreement), 0.41 to 0.60 (moderate

agreement), 0.61 to 0.80 (substantial agreement), 0.81 to

1.00 (almost perfect agreement).

Additionally, we used multinomial logistic regression to

identify possible associations of individual characteristics

with racial misclassification, such as self-rated health,

presence of health insurance, number of noncommunicable

diseases, demographic (sex and age at death) and socioe-

conomic (schooling and assessment of sufficient income)

characteristics, and the underlying cause of death from the

DC.

Finally, to calculate official mortality rates (per 1000

population) for whites, pardos and blacks, we used popu-

lation data from the 2010 Census and death records from

the 2015 MIS data, totaling 1,277,711 individuals (950,919

whites, 248,216 pardos and 78,576 blacks) and 50,149

deaths (39,650 whites, 7583 pardos and 2916 blacks) of

elderly residents of the municipality of São Paulo. For the

adjusted race-specific mortality rates, the number of death

records from each racial category was corrected by a

weighted sum based on each classification error (supple-

mentary Table 3). For example, for those self-reported as

whites, we calculated three correction weights: one corre-

sponding to those who had their race correctly informed as

white in the DC (x1 = white on SABE and DC divided by

total white race on DC records = 732/

(732 ? 107 ? 8) = 0.86), another to those misclassified as

pardo on the DC (x2 = white on SABE and pardo in the

DC divided by total pardo on DC records = 27/

(27 ? 70 ? 18) = 0.23), and another to those that had

their race informed as black (x3 = white on SABE and

black in the DC divided by total black in DC = 0.00).

Therefore, the number of white deaths was adjusted as 0.86

* white deaths ? 0.23 * pardo deaths ? 0.00 * black

deaths; and then a new mortality rate for whites was cal-

culated (Chiavegatto Filho et al. 2014). The correction

weights were used to adjust the number of race-specific

deaths for the overall elderly population (C 60 years) and

for age groups 60–74, 75–79 and C 80 years. All analyses

were performed using the R software.

The SABE Study received approval from the National

Ethics Commission and the Human Research Ethics

Committee of the Public Health School of the University of

São Paulo, protocol numbers 315/99, 83/06 and 2044. All

subjects gave informed consent, and individual anonymity

was preserved.

Results

From the total of 1115 individuals, 51.7% were female,

mean education was 3.2 years of schooling (SD 3.4),

69.0% of individuals considered their income insufficient

to cover their daily expenses, 29.0% reported having health

insurance, 45.5% mentioned two or more noncommunica-

ble diseases, and 60.0% self-rated their health as regular or

poor/very poor. Mean age at death was 82.9 years (SD 8.8)

and the most frequent underlying causes of death were

those related to the circulatory system (39.7%).

Regarding changes over time on self-reported race

(supplementary Table 4), 79.2% (n = 415) of the reas-

sessed elderly maintained the same race/skin color. For the

most recent self-reported race, 71.1% (n = 793) of indi-

viduals classified themselves as white, 18.5% (n = 206) as

pardo, and 5.7% (n = 63) as black, with these three rep-

resenting 95.2% (n = 1062) of total records (n = 1115).

Of these individuals, 1012 had their race classified in the

DC, and racial misclassification was 17.3% (n = 175):

13.1% (n = 133) corresponded to whitening and 4.2%

(n = 42) to blackening. There was a higher frequency of

racial misclassification for pardo self-reported race

(63.5%), followed by blacks (42.6%). Self-reported pardo

was more frequently erroneous classified in the DC as

white (n = 107, 55.7%), followed by self-reported black as

pardo (n = 18, 29.5%) (supplementary Table 3).

Agreement was higher for individuals with age at

death C 85 years (k = 0.54), schooling C 4 years

(k = 0.57) that considered their income sufficient to cover

daily expenses (k = 0.55) (Table 1), with health insurance

(k = 0.57), without noncommunicable diseases (k = 0.56)

and with good/very good self-rated health (k = 0.56)

(supplementary Table 5).

Record-level agreement based on sensitivity was close

to 100% only for whites. There was also a general tendency

toward whitening in cases of inconsistency: for self-re-

ported pardo, the white category was declared 7 times

more often than black; and for self-report black, pardo

category was declared twice more than white.
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Table 1 Agreement between

self-reported race on Health,

Well-Being and Aging Study

(SABE) and racial information

on the death certificate

according to demographic and

socioeconomic characteristics,

Brazil, São Paulo, 2000–2016

Self-reported race n Race on death certificate (%)a Kappa CI 95%

White Pardo Black

Whole sample

White 759 96.4 3.6 0.0 0.50 0.44; 0.57

Pardo 192 55.7 36.5 7.8

Black 61 13.1 29.5 57.4

Sex

Male

White 365 96.7 3.3 0.0 0.50 0.40; 0.60

Pardo 89 55.1 34.8 10.1

Black 31 22.6 19.4 58.1

Female

White 394 96.2 3.8 0.0 0.50 0.41; 0.60

Pardo 103 56.3 37.9 5.8

Black 30 3.3 40.0 56.7

Age at death, years

60–74

White 115 93.0 7.0 0.0 0.47 0.32; 0.61

Pardo 40 55.0 40.0 5.0

Black 15 20.0 26.7 53.3

75–84

White 260 96.5 3.5 0.0 0.50 0.34; 0.58

Pardo 64 56.2 32.8 10.9

Black 17 11.8 41.2 47.1

C 85

White 384 97.4 2.6 0.0 0.54 0.45; 0.64

Pardo 88 55.7 37.5 6.8

Black 29 10.3 24.1 65.5

Schooling, years

\ 4

White 379 94.5 5.5 0.0 0.46 0.38; 0.54

Pardo 137 56.2 35.0 8.8

Black 45 13.3 31.1 55.6

C 4

White 362 98.8 1.1 0.0 0.57 0.43; 0.70

Pardo 43 58.1 34.9 7.0

Black 15 13.3 20.0 66.7

Sufficient income

Yes

White 249 98.0 2.0 0.0 0.55 0.41; 0.69

Pardo 41 51.2 41.5 7.3

Black 11 27.3 18.2 54.5

No

White 500 95.6 4.4 0.0 0.48 0.41; 0.56

Pardo 143 57.3 34.3 8.4

Black 49 10.2 30.6 59.2

aPrincipal diagonal represents sensitivity measure
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Both whitening and blackening in the DC was more

frequent among elderly with low education and without

health insurance (Table 2). Additionally, a higher fre-

quency of whitening was observed among individuals who

considered their income insufficient to cover their daily

expenses, that mentioned regular or poor/very poor self-

rated health, and with age of death between 60 and

74 years.

Overall, the correction weights indicate that there were

more white individuals (and therefore less pardo/black) in

the DC than it was expected based on SABE records.

Figure 1 compares the official mortality age-specific rates

unadjusted and adjusted for the correction weights found

for this study. Originally, whites had higher overall mor-

tality rates than pardo and blacks. After applying the cor-

rection weights, black individuals had the highest mortality

rates (45.85/1000 population), followed by pardo (42.30/

1000 population) and whites (37.91/1000 population).

Discussion

The study brings new insights to the literature on racial

inequalities in health in an increasingly multiracial world.

Agreement between self-reported race and death certificate

information was found to be considerably higher for

Table 2 Distribution of deaths according to misclassification and individual characteristics, Brazil, São Paulo, 2000–2016

Variable Total Racial misclassification

Whitening Blackening

n (%) OR (95% CI) n (%) OR (95% CI)

Total 1012 133 (13.1) 42 (4.2)

Sex

Male 485 62 (12.8) 0.94 (0.65; 1.36) 21 (4.3) 1.08 (0.58; 2.01)

Female 527 71 (13.5) Reference 21 (4.0) Reference

Age at death, years

60–74 170 33 (19.4) 2.03 (1.26; 3.27)* 10 (5.9) 2.26 (0.99; 5.15)

75–84 341 45 (13.2) 1.26 (0.82; 1.92) 16 (4.7) 1.64 (0.80; 3.37)

C 85 500 55 (11.0) Reference 15 (3.0) Reference

Schooling, years

\ 4 561 97 (17.3) 2.87 (1.87; 4.43)** 33 (5.9) 4.20 (1.83; 9.61)**

C 4 420 30 (7.1) Reference 7 (1.7) Reference

Sufficient income

Yes 301 26 (8.6) Reference 8 (2.7) Reference

No 692 102 (14.7) 1.88 (1.20; 2.97)* 34 (4.9) 2.04 (0.93; 4.47)

Health insurance

Yes 283 18 (6.4) Reference 5 (1.8) Reference

No 729 115 (15.8) 2.88 (1.72; 4.83)** 37 (5.1) 3.33 (1.30; 8.58)*

Self-rated health

Good, very good 401 40 (9.8) Reference 15 (3.7) Reference

Regular, poor, very poor 608 93 (15.3) 1.65 (1.11; 2.45)* 27 (4.4) 1.28 (0.67; 2.44)

Number of noncommunicable diseases

None 209 25 (12.0) Reference 5 (2.4) Reference

One 301 42 (14.0) 1.24 (0.73; 5.28) 16 (5.3) 2.36 (0.85; 6.55)

Two or more 461 56 (12.1) 1.04 (0.63; 1.73) 21 (4.6) 1.96 (0.73; 2.11)

Underlying cause of death, ICD—10

II. Neoplasms 173 17 (9.8) Reference 7 (4.0) Reference

IX. Diseases of the circulatory system 400 62 (15.5) 1.71 (0.97; 3.02) 20 (5.0) 1.34 (0.55; 3.24)

X. Diseases of the respiratory system 250 31 (12.4) 1.28 (0.65; 2.47) 8 (3.2) 0.94 (0.32; 2.74)

Others 189 23 (12.2) 1.29 (0.69; 2.41) 7 (3.7) 0.81 (0.29; 2.27)

*p value\ 0.05; **p value\ 0.001
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whites, but poor for the other racial categories. Regarding

individual characteristics, we found higher agreement

between SABE and MIS for individuals with better

socioeconomic and health status. After applying the cor-

rection weights, black individuals had the highest mortality

rate, followed by pardos and whites, respectively.

Previous studies show that racial classification per-

formed by an interviewer tends to overestimate the number

of whites when compared to self-reported data. Bastos

et al. (2008) performed a study in the urban area of the

municipality Pelotas, Brazil, to compare self-reported and

interviewer-classified race/skin color for individuals aged

20 years or older. Although the results indicated an overall

good agreement, a tendency was observed for whitening

individuals with better socioeconomic status, as well as a

higher chance of being categorized as pardo or black

among those with lower education and family income

(Bastos et al. 2008). Our results found a higher frequency

of whitening than blackening on death certificates, and both

racial misclassifications were more prevalent among indi-

viduals with worse socioeconomic status.

When analyzing official data, we observed a higher

mortality rate for whites when compared to black and

pardo elderly. These results are inconsistent with the large

socioeconomic disparities in race in Brazil. Both black and

pardo individuals are historically socio-economically dis-

advantaged compared to whites. According to the last

national Census from 2010, whites earned an average

monthly income 1.95 times higher than black individuals

and 2.13 times higher than pardo ones (Instituto Brasileiro

de Geografia e Estatı́stica 2018). After correction for

misclassification on the death certificate, our results

showed a higher mortality rate for blacks, followed by

pardos and whites, respectively.

Since information about vital statistics is of great

interest in public health planning, correction weights could

help monitoring the racial inequality burden as well as in

formulating public policies for reducing these inequalities

(Mays et al. 2003; Chiavegatto Filho et al. 2014).

Similarly, in the USA, although the average socioeco-

nomic status of Hispanics is lower than that of non-His-

panic whites, unadjusted mortality rates for the former are

lower than those for the latter (Ruiz et al. 2013), which is

known as the Hispanic mortality paradox. It is hypothe-

sized that this could be due to the numerator/denominator

bias, nonetheless, unlike our results, Arias et al. (2010) did

not observe a large effect on mortality rates for the His-

panic and non-Hispanic population derived from correction

weights. Other studies also investigated, as a possible

explanation, the migratory hypothesis, where healthy

individuals are more likely to emigrate and sick migrants to

return to their country of origin, also with weak or no

associations (Abrafdo-Lanza et al. 1999; Turra and Elo

2008).

Arias et al. (2016) analyzed the validity of racial

reporting on death certificates in the USA over a three

decades period (1979–1989, 1990–1998 and 1999–2011).

The authors found that self-reported American Indian or

Alaska Native populations were more frequently erro-

neously classified on the death certificate as white in all

three periods. These results are similar to those observed in

our analysis for the self-reported pardo population.

A series of analyses focused on the numerator–denom-

inator bias was also performed for New Zealand mortality

rate and cancer incidence statistics (Blakely et al. 2002;

Shaw et al. 2009; Boyd et al. 2016). Overall, lower pro-

portions of Māori, Pacific and Asian events, were observed

when compared to Europeans, resulting in an underesti-

mation of mortality rates and cancer incidence statistics

(Shaw et al. 2009; Boyd et al. 2016).

Regarding individual and collective contexts influencing

self-reported race, a recent study in Brazil (Chor et al.

2019), analyzed the association of genomic ancestry, racial

composition of census tracts and individual socioeconomic

factors with self-reported race. The authors found that the

0
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180

White Mixed Black

60-74 60-74 adjusted 75-79 75-79 adjusted ≥ 80 ≥ 80 adjusted Overall Overall adjusted

Fig. 1 Mortality age-specific

rates (number of deaths per

1000 population) for whites,

mixed population and blacks

according to unadjusted and

adjusted official data, Brazil,

São Paulo, 2015
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probability of an individual self-reporting as black or pardo

increased according to the proportion of African ancestry,

but was also associated with the racial composition of the

area of residence, as well as educational and income

individual levels. In census tracts with less than 60% blacks

and pardos, high educational and per capita income levels

reduced the odds of self-declaring as black by 63% and

49%, respectively. On the other hand, in census tracts with

60% or more blacks and browns, these socioeconomic

characteristics were not associated significantly with self-

declaring as black.

Possible solutions to dealing with biases regarding the

absence of self-reported racial data include demanding the

health provider to ask a family member about the race of

the individual who died, or to use linkage techniques

between census data and death certificates, considering the

self-reported census data as the reference racial informa-

tion (Chiavegatto Filho et al. 2014).

Our study has some limitations. First, records from

SABE were linked to death certificates available on MIS

and unmatched cases were presumed to be alive. Mortality

follow-up studies are vulnerable to failures of the algorithm

linking the survey to death records. Second, the SABE

study at this time contained a sample of only 253 linked

death certificate records that were self-classified as pardo

or black according to survey responses, so is it possible that

correction weights may be affected by the small sample

size. Third, the correction weights were calculated from a

sample of elderly living in a specific city and time periods.

The degree of misclassification might be different in other

Brazilian regions and the degree of racial misclassification

may also change over time.

The study confirms that Brazil’s blurred racial bound-

aries have an important effect on local racial disparities in

health. As the number of interracial marriages continues to

grow throughout the world, it is likely that the same

challenges of measuring racial inequalities in health iden-

tified in this study will become increasingly important in

other countries.
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