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ABSTRACT 
Objective: To analyze the quality of the age declaration in death registries in Brazil, from 
1996 to 2015. Method: A simple age analysis was performed in the microdata of deaths 
in Brazil between 1996 and 2015. The preference for '0' and '5' was evaluated using the 
Whipple index (IW). Already the preference for all 10 terminal digits was expressed 
using the Myers (IM) method. Results: The quality of the data of age was high in the 
period (IWtot = 0.55 - 0.83 (male) and 0.71 - 0.93 (female); IM = .388 - .004 (male) and. 
female)). The quality of the information was more satisfactory among men, there was 
no significant trend in the improvement, suggesting stability in quality in the 20 years. 
Preference was given to the terminal digit '0', mainly among women. Conclusion: Death 
data in Brazil, with respect to age, are satisfactory, and can be used in demographic and 
epidemiological analyzes. 
Keywords: Data quality. Whipple Index. Myers Index. Mortality. Information systems. 

 

INTRODUCTION 

In most surveys, quantitative data are collected through questionnaires and 

interviews. When these instruments are self-applied, there is often a systematic 

underestimation or overestimation of certain clinical information and parameters, 

which may lead to misinterpretation1. 

Age is a widely used demographic variable for descriptive and statistical analysis 

of population structure and prediction of population growth, since many demographic 

and socioeconomic data are attributed to age and gender2. In addition, the relevance of 

information on age in epidemiology and public health is evident, since the age of the 

individual is considered in several situations, from the development of a risk profile to 

the diagnosis, management and prognosis of a disease3. 

Incorrect registration of information is a common phenomenon in developing countries 

and constitutes one of the greatest challenges to demography4. The most common 

irregularities related to age are a preference for certain digits and an increase in 

occurrence around some attractive ages5,6. Age data often exhibit high occurrence at 

round or attractive ages, such as even numbers and multiples of five5. Thus, evaluation 

of information on age is considered a measure of the quality and consistency of data6. 

When properly measured, the probability of frequency of each terminal digit (0 

to 9) is about 10%. There is, however, a greater frequency, consistently, of the final 

digits 0 or 55,7. This preference for rounding numbers may mask or exaggerate the 

actual differences between populations and could also explain why the differences 
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between the estimates measured and reported by an individual him or herself vary 

across cultures. To account for this bias and explore all data detection potential, the 

preference for final digit reports should be evaluated for different sources of 

information8. 

The accuracy of age data varies from country to country and depends on a 

number of factors, mainly associated with data collection and tabulation problems, as 

well as the lack of an efficient flow of information in administrative records and 

population surveys9-11. Regarding demographic censuses and population-based surveys, 

such as the National Household Sample Survey (PNAD), there is a routine for evaluating 

the quality of the statements, as well as the magnitude and dimension of possible 

errors1. Administrative records, however, due to their nature, have a distinct logical 

evaluation of data quality, and this often poses a challenge to obtaining reliable 

statistics for mortality, which are often the only indicators available to perform analysis 

of the health status of the population12. In this sense, the objective of this study was to 

analyze the quality of the age declaration in the death registries in Brazil, according to 

sex, from 1996 to 2015. 

 

METHODS 

Study design 

This is an ecological study to evaluate the quality of information. 

 

Data source 

Microdata were used referring to deaths in Brazil, by state, then compiled into a 

national general report for 1996 to 2015. Data were extracted from the Mortality 

Information System provided by the Ministry of Health. 

 

Data analysis 

In order to ensure greater precision in the analysis, differences by sex were 

considered. First, a visual inspection of the age pyramid by simple age was performed, 

checking for distortions around specific digits (such as 0 and 5, for example), for ages 

40, 45, 50 and 60 years. At these ages, when there are problems in data quality, it is 

possible to observe inflection points in the age distribution for both sexes. 

In order to evaluate the quality of death declarations in the death registries, two 

methods were used during the period analyzed to indicate the quality level of these 

data. These indicators are extensively described in Handbook II of the United Nations13. 

Digit preference in the declaration of the variable “age”, according to sex, was 

determined using the methods of Whipple and Myers, and evaluated statistically using 

an adhesion test based on Pearson’s chi-squared test. These rates are applicable when 

age is referred to in simple years. 

 

a) Whipple index 



The Whipple method was applied to detect preferences for terminal digits 0 and 

5 in the population group from 23 to 62 years of age. This age interval was chosen as 

data for younger and older ages are more inaccurate (ALVES et al, 2016). 

In this way, one has to: 

IW5 =  
P25 + P35 + ⋯ +  P55

1
10 ∗ (P23 + P24 + ⋯ + P62)

x 100 

 

The following is considered for classification: 

Quality Whipple’s Index 

Very Good 99,0 – 104,9 
Good 105,0 – 109,9 

Regular 110,0 – 124,9 
Poor 125,0 – 174,9 

Very Poor 175,0 and more 

The calculation was carried out for the set of ages ending in 0 or 5; for this, the 

formula is: 

IW0,5 =  
P25 + P30 + ⋯ +  P60

1
5

∗ (P23 + P24 + ⋯ + P62)
x 100 

 

Additionally, the modified Whipple index (IW) was used, which allows global 

attraction analysis for all digits14. The modification puts in a denominator for the sum of 

the population by quinquennial groups in which the age with the digit to be analyzed is 

the midpoint of the group, and is calculated as follows: 

 

IWm1
=  

5 ∗ (P31 + P41 + ⋯ +  P61)

( P5 29 + P5 39 + ⋯ + P5 59)
 

Finally, the total modified index is presented as follows: 

Wtot =  ∑ |IWmi
− 1|

9

i=0

 

In this case, it is considered that the closer to zero, the better the quality of 

information. 

 

b) Myers index 

The Myers method, in turn, allows determination of the preference for each 

terminal digit (0 to 9) in the ages ranging from 10 to 99 years. This method assumes 

that the distribution per terminal digit is homogeneous (ie 10% frequency for each 

digit). Violation of this principle is measured by the Myers index (IM). Through this 

index, it is possible to verify the attraction for certain digits, which implies the quality of 

the information. For implementation of this method, the UN (1955) proposed using the 



sum of the population that has the same final digit in the declared age for the group of 

10 to 89 years (G1) and for the group of 20 to 99 years (G2). In this method, the 

population above 100 years is not counted, since it is assumed that it does not 

significantly affect the results14. As the population tends to be smaller with 

advancement of the final digits (that is, for each succeeding digit, the population is 

older and smaller than the previous population), these populations are multiplied by 

coefficients (x) in the range of 1 to 10 for the G1 group, and the complements (10 − x) 

for the G2 group, according to the following equations: 

G1(i) = (i + 1) ∗  ∑ Pi

89

α=10

, when i ∈ {0, 1, … 9} 

 

 G2(i) = (9 − i) ∗  ∑ Pi

99

α=20

, when i ∈ {0, 1, … 9} 

 

It is considered that the frequency (fi) that each digit i has in total is given by the 

sum of G1 and G2. It is also assumed that the expected proportion of each digit is equal 

to 10% of the total (assumption of uniform distribution) 13. The IM for each final digit of 

the declared age is calculated as the deviation of fi from the expected 10%, while the 

general index is given by the sum of the indices for each digit, according to the formula: 

IMi = |100 x fi − 10| 

IM =  ∑ IMi

9

i=0

 , 0 ≤ IMi ≤ 180 

For the purposes of classification: 

 

Age Heaping Myers´s Index 

Low Up to 4,9 
Medium from 5,0 to 14,9 
High from 15,0 to 29,9 
Very high from 30,0 to 180,0 

 

Following acquisition of the IW and IM for each year from 1996 to 2015, a time 

series analysis was performed to evaluate the temporal evolution of the quality of age 

information in death registries. Initially, the stationarity of the time series, through the 

Wald–Wolfowitz test, and the trend effect, through the Cox–Stuart test, were verified. 

Then, after verifying these effects, the mortality trend was analyzed using a polynomial 

regression technique, with which the trend of the indices in the period was evaluated. 

The variable considered independent, in order to avoid collinearity, was the year 

centered by the midpoint of the period (x − 2006). Simple, second- and third-degree 

linear regression models were tested. The most suitable model was the one that 

presented the best fit of the coefficient of determination (R2), statistical significance 



(considering the 5% level) and residue analysis. In cases where the models presented 

similarity, those which presented the simplest model were chosen, by the principle of 

parsimony15. R software version 3.5.1 was used for the study. 

 

RESULTS 

In the 20-year period, Brazil had slightly more than 21 million deaths, distributed 

among the different age groups. The change in the contribution of the groups was 

evident: the group of 0 to 9 years had a change in proportional mortality between 1996 

and 2015 from 10.31% to 3.67%, and the group of 80 years and older went from 

17.88% to 28.53%. Figure 1 shows the changes observed by simple age, stratified by 

sex. The graphs allow identification of an important distinction between the sexes. 

Males have a mortality pattern, especially in the young age groups, which decreases 

from the age of 30, returning to grow in the more advanced bands among the elderly. 

However, females have an increasing pattern of mortality with advancing age, without 

this pattern at young ages. It is speculated that this difference is favored by external 

causes, which are more significant in males. It is still important to highlight the change 

between 1996 and 2015, corroborating the previous analysis that there is, arguably, a 

process of compression of mortality in progress. 

It is possible to say that there is a certain stability in the quality of the 

information about the variable age. This is reflected in the two indices evaluated (IW 

and IM). When evaluating digit deviation, through the IM (Figure 2), it can be seen that, 

from 1996, the information already presented good quality, presenting moderate 

variability according to the preferred digit, although, considering the unit of 

measurement (%), the deviation values are small. This suggests that this difference is 

due to the random fluctuation of the data. Greater variability is observed for the digit 0, 

and less variability for the digit 1. There is still a difference between the sexes, with 

some advantage in the quality for males. 

Figure 3 allows evaluation of the attraction for certain digits from the IW and its 

variations. In general, considering the trend of higher data stacking between digits 0 

and 5, one can say that the data quality is satisfactory. This is also reflected when 

evaluating the total index. However, when stratifying the digits 0 and 5, it is perceived 

that the quality tends to reduce when analyzing the terminal digit 0, evidencing some 

attraction. In fact, as shown in Figure 4, which provides the specific modified total 

indices per digit for each of the sexes, in the years 1996 and 2015, we see some 

difference for the digits 0, 2 and 3, for both sexes, regardless of the year of observation. 

Finally, when analyzing the trend of the two indices (Figure 5), the hypothesis of 

random fluctuation is corroborated, since analysis of the time series shows that there is 

no significant trend in the period. It should be noted, however, that this fluctuation is 

more evident for females, where the variability seems to be greater. 



Figure 1: Age Structure of death records according to sex. Brazil, 1996 e 2015. 

  
1996 - Male 1996 - Female 

  
2015 - Male 2015 - Female 

Source: DATASUS, 2018. 
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Figure 2: Myers’s Index age heaping according to sex and digit. Brazil, 1996 – 2015. 

 
Fonte: DATASUS, 2018.  
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Figure 3: Whipple’s Index age heaping according to sex and digit. Brazil, 1996 – 2015. 

  

  
Legend  Male  Female 

Source: DATASUS, 2018. 
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Figure 4: Whipple’s Index Age heaping description according to sex and digit.  Brazil, 
1996 – 2015. 
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Source: DATASUS, 2018. 
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Figure 5: Time trend of age heaping indicators. Brazil, 1996 – 2015.  
 

Total Whipple’s Index Myers’s Index 

  

 Equation R2 
p 

value trend  Equation R2 p value trend 

Male y= 0.007x + 0.63 0.39 0.16 non-significate Male y= - 0.01x + 0.70 0.09 0.22 non-significate 

Female y= 0.003x + 0.79 0.11 0.30 non-significate Female y= 0.01x + 0.83 0.01 0.68 non-significate 

 
Legend  Male  Female 

 
Source: DATASUS, 2018.  
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DISCUSSION 

The present study used two different techniques to evaluate the quality of the 

variable age recorded on death certificates. It is worth remembering that inadequacies 

in the age register are frequent in certain data sources, being more common in 

developing countries, making it impossible to use the data instantaneously without 

using any correction16. 

The methodology of data collection used in this study was similar to the method 

used in almost all studies and domiciliary surveys. Considering the two indices studied, 

it is inferred that the age data collected in the death registers can be considered of 

good quality. There was a slight attraction for the terminal digits 0 and 5, indicating a 

preference of the respondents for the story of ages. In this way, the age distribution 

suggests an acceptable level of reliability, without the need for adjustments or 

smoothing. Therefore, such mortality data allow the construction of life tables, an 

important instrument for assessing mortality and life expectancy, for demography. A 

previous study17 has already suggested this level of quality for Brazil, corroborating the 

present longitudinal analysis, which continues to present such a pattern. 

The values obtained for the indices IW and IM indicate a discrete preference for 

zero digits in the SIM database. However, it is not large enough to call into question the 

quality of records. One of the possible explanations for the good quality of the 

information concerning age is the fact that fulfillment of the declaration of death, as 

well as the declaration of live births, is carried out by means of presentation of an 

identification document, or made directly from the medical record of the patient18,19, 

rather than by verbal statements from family members, a common practice in 

household surveys20,21. 

Randall and Coast22 proposed modifying the WI (fully modified WI) to evaluate 

the quality of data in the elderly by analyzing household surveys from African countries. 

Their conclusion was that the quality of information on age is poor for most countries in 

south Africa. The authors also concluded that in the surveys of some countries, there is 

a considerable omission of the proportion of older women. For Latin America, however, 

Romero and Freitez23 showed an improvement in the quality of age declaration, when 

comparing the census of the 1990s with the census of the 2000s. Andrade et a24, also 

analyzing Latin America, found that in a context of rejuvenated age structure, the use of 

WI or MI is independent. However, in countries with an older age structure, there is a 

greater weight of data quality for the elderly, and the choice of indicator should be 

carefully considered. 

Studies using IW and IM have shown that digital preference occurs more 

frequently for females25,26, and that there is preference for the digits 0 and 527,28. 

The record quality of the variable age is important not only because age 

distribution is an invariable part of a research report, but also because the introduction 

of age-related biases in studies can lead to wrong inferences. Although there is a careful 

routine to obtain the data, some problems may arise; for example, there are so-called 



“systematic errors” 29. It is known that the approximation of age consciousness is 

manifested in the phenomenon of age accumulation, for self-referenced age or proxy 

data19,30. When the information is provided by proxy, this problem becomes even more 

evident. In turn, the impact of such an incorrect statement may lead to misclassification 

and incorrect assessment of demographic rates, and thus interfere with the planning of 

effective interventions29. 

The accuracy of age data in health records can ultimately be assessed by means 

of demographic quality control indices. In this way, innovative data collection methods, 

as well as statistical techniques for error minimization, should be used to guarantee the 

accuracy of old data. 

 

FINAL CONSIDERATIONS 

Evaluation of the quality of mortality data is important, because for several 

health situations involving a series of injuries, death data are the only information 

available. The results point to the good quality of the data, although there is a 

difference between the sexes. This indicates the need to assess specific situations for 

data quality, such as the cause of death (assuming there are competing risks and 

different patterns of mortality for each cause, for example), since the use of 

demographic tools seems appropriate for health information systems. Additionally, the 

need for application on bases other than just mortality is pointed out, such as 

information on births, outpatient procedures and hospital admissions. 
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