
Artículo especiAl

S90 salud pública de méxico / vol. 57, suplemento 1 de 2015

Mejía-Arango S y col.

Normative and standardized data
for cognitive measures

in the Mexican Health and Aging Study
Silvia Mejía-Arango, PhD,(1) Rebeca Wong, PhD,(2-4), Alejandra Michaels-Obregón, MS, MBA.(2,4)

(1) Departamento de Estudios de Población, El Colegio de la Frontera Norte. Tijuana, Baja California, México.
(2) Sealy Center on Aging, The University of Texas Medical Branch. The United States.
(3) Preventive Medicine & Community Health, The University of Texas Medical Branch. The United States.
(4) WHO/PAHO Collaborating Center on Aging and Health, The University of Texas Medical Branch. The United States.

Received on: March 12, 2015 • Accepted on: April 8, 2015
Corresponding author: Dra. Silvia Mejía Arango. Departamento de Estudios de Población. El Colegio de la Frontera Norte.

Carretera Escénica Tijuana-Ensenada km 18.5, San Antonio del Mar. 22560 Tijuana, Baja California, México.
E-mail: smejia@colef.mx

Mejía-Arango S, Wong R, Michaels-Obregón A.
Normative and standardized data for cognitive

measures in the Mexican Health and Aging Study.
Salud Publica Mex 2015;57 suppl 1:S90-S96.

Abstract
Objective. To describe the cognitive instrument used in 
the Mexican Health and Aging Study (MHAS) in Mexican 
individuals aged 60 and over and to provide normative values 
for the Cross Cultural Cognitive Examination test and its 
modified versions (CCCE). Materials and methods. 
The CCCE was administered to 5 120 subjects as part of 
a population-based sample free of neurologic and psychia-
tric disease from the MHAS 2012 survey. Normative data 
were generated by age and education for each test in the 
cognitive instrument as well as for the total cognition score. 
Pearson correlations and analysis of variance were used to 
examine the relationship of scores to demographic variables. 
Results. Results present standardized normed scores for 
eight cognitive domains: orientation, attention, verbal learning 
memory, verbal recall memory, visuospatial abilities, visual 
memory, executive function, and numeracy in three education 
groups within three age groups. Conclusion. These findings 
highlight the need for population-based norms for the CCCE, 
which has been used in population-based studies. Demogra-
phic factors such as age and education must be considered 
when interpreting the cognitive measures.
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Resumen
Objetivo. Describir el instrumento cognitivo usado en el 
Estudio Nacional de Salud y Envejecimiento en México (Ena-
sem) en personas mayores de 60 años, y proporcionar valores 
normativos para el Test Cognitivo Transcultural (CCCE, por 
sus siglas en inglés) y sus modificaciones. Material y mé-
todos. Se administró el CCCE a 5 120 individuos mayores 
de 60 años, libres de enfermedad neurológica y psiquiátrica 
de la Enasem 2012. Los datos normativos se obtuvieron 
para la puntuación en cada test incluido en el CCCE y para 
la puntuación total estratificando por edad y escolaridad. 
Para analizar la relación con las variables demográficas, se 
aplicaron la correlación de Pearson y el análisis de varianza. 
Resultados. Los resultados presentan normas estandari-
zadas para ocho dominios cognitivos: orientación, atención, 
aprendizaje verbal, memoria de evocación, habilidades espa-
ciales, memoria visual, función ejecutiva y numerología en 
tres grupos de educación dentro de tres grupos de edad. 
Conclusión. Estos resultados subrayan la importancia de 
contar con datos normativos para los tests cognitivos que, 
como el CCCE, han sido aplicados en estudios poblacionales. 
Los factores demográficos como la edad y, en particular, la 
escolaridad deben considerarse al momento de interpretar 
las medidas aplicadas.

Palabras clave: cognición; edad; educación; envejecimiento; 
México
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The Mexican Health and Aging Study (MHAS) started 
with the goal to prospectively evaluate the influence 

of disease on the health, function, and mortality of adults 
over the age of 50 in Mexico. A national representative 
panel of older adults born in 1951 or earlier was selected 
for the MHAS 2001 baseline, with two follow-ups in 
2003 and 2012. In 2012, the study added a representa-
tive sample of the population from the 1952-1961 birth 
cohort. The MHAS data includes information on socio-
economic characteristics, migration, health conditions, 
disability, and family networks.1,*
 One of the key health dimensions covered by the 
MHAS instruments is cognition. The core cognitive 
questionnaire used in the MHAS is the screening portion 
of the Cross Cultural Cognitive Examination (CCCE), a 
test designed by Glosser, Wolfe, Albert and colleagues in 
1993 that has been proven independent of cultural and 
educational background. The instrument was selected to 
be used in the MHAS mainly because of its cross-cultural 
attributes. Concurrent validation of the test with respect 
to other well accepted screening instruments was deter-
mined. High specificity (>94%) and sensitivity (>99%) 
for detecting dementia were found in Guam and US 
mainland samples.2 To be meaningful, test scores must 
have an empirical frame of reference.
 Standardized scores are used as part of neuropsy-
chological assessments to evaluate cognitive impair-
ment; they express the distribution of performance 
individuals can obtain on a particular test for a specific 
cognitive task. The resulting distribution of Z scores has 
a mean of 0 and an SD of 1 regardless of the metric of 
raw scores from which they were derived. These norma-
tive reference groups are considered the ‘gold standard’ 
against which an individual’s scores are compared, in-
dicating whether the performance is impaired or intact. 
As well as facilitating the translation of raw scores to es-
timated population ranks, standardization of tests scores 
by virtue of conversion to a common metric facilitates 
comparison of scores across measures. It is important 
to highlight that the validity of normative standards 
depends heavily on an appropriate match between the 
individual being assessed and the normative data to 
which their test performance is compared. Furthermore, 
the definition of the norm group is a crucial factor in the 
accurate interpretation of norm-referenced scores.3,4 
 The present study aims to describe the cognitive 
instruments used in the MHAS and to provide normative 
data for the CCCE test and its modified versions. We do 
this by using a large, population-based sample strati-

fied by age and education from the MHAS 2012 survey. 
We obtain normative data for each test in the cognitive 
instrument as well as for the total cognition score. 

Materials and methods
This investigation was conducted using the responses 
to the MHAS 2012 survey cognition instrument, which 
was applied to study participants in-person, using pa-
per and pencil, during interviews conducted through 
a household survey. The criteria for inclusion in the 
analytical sample for the present study were as follows: 
1) interviewed directly as follow-up or as new subjects; 
2) aged 60 years and older at the time of the 2012 inter-
view; 3) without neurological disease as measured by 
the self-report of ever being diagnosed with a stroke; 4) 
without psychiatric disease as measured by a cut-point 
of 6 or more in the 9-item depression scale administered 
during the survey, and 5) completed all tests included 
in the Modified CCCE. Following these criteria, a total 
of 5 120 participants were included in the present study. 
See figure 1 for a detailed summary of the MHAS 2012 
sample and the resulting analytical sample after apply-
ing the inclusion criteria for the present study.

* More details of the study are available on the study website in 
English (www.mhasweb.org) and in Spanish (www.enasem.org).

Figure 1. Flow chart oF the analytical sample 
selection. mexico, 2012
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Cognitive measures in the MHAS waves

Several modifications to the version of the CCCE used 
in the first MHAS wave (2001) were made in the second 
(2003) and third (2012) waves of the MHAS. The 2001 
version permitted rapid assessment of four cognitive 
domains using adaptations of widely accepted mental 
status tests. It included items that evaluated: a) verbal 
memory (learning and recall), through an eight word 
list; b) visual-constructional abilities, through asking 
subjects to copy two figures in 90 seconds each; c) visual 
memory, through recall of the two figures previously 
copied, and d) attention, through a visual scanning task 
in which the subject had to detect stimuli (up to 60) em-
bedded among other similar stimuli in 60 seconds. The 
total score of the 2001 test ranged from 0 to 80.
 Because of the importance of measuring orientation 
to detect cognitive impairment,5 an additional cognitive 
domain was included in the 2003 wave. Three items 
measuring knowledge about the day, month and year 
were added, with the total score of the cognition tests 
ranging from 0 to 83. In the third wave (2012) two new 
domains measuring executive function and numeracy 
were added. Animal naming for one minute measured 
verbal fluency, which is considered an executive func-
tion test.6 A numeracy domain was measured through 
the task of counting backwards from 20 to 0 in a maxi-
mum time of 60 seconds. Numeracy is considered a 
test of working memory.7 The time spent by those who 
correctly completed the task was also recorded.
 Another modification introduced in 2012 was in the 
visuospatial and visual memory tasks. In the first two 
waves, subjects had to copy two different figures and 
then recall them with only two possible scores for each 
task: (0) failed or (1) passed. Total score for visuospatial 
abilities and visual memory ranged from 0 to 2. A more 

sensitive scoring system that captured different levels of 
difficulty was introduced in 2012 and only one figure was 
included. The tests included in each wave are summa-
rized in table I. It is worth noting that the modifications 
to the instrument and the scoring system across the three 
waves of the study allow comparability across waves. 
For more details on the cognitive measures, see Michaels-
Obregón, Mejia-Arango and Wong.8 A total cognitive 
score on the CCCE for each wave was calculated by 
adding up the raw scores for each measure. The CCCE 
maximum total score is 80 for 2001 and 83 for 2003. For 
the 2012 wave, the raw scores of verbal fluency and the 
time to complete backwards counting were coded and 
summed according to the coded score (table II). The 
CCCE maximum total score for 2012 is 99.

Statistical analysis

Data analyses were conducted using SPSS version 
19.0. Descriptive statistics (mean, standard deviation, 
percentages) are provided for demographic and health 
variables. Group differences were established using 
analysis of variance (anova) with Scheffe procedure for 
pairwise contrasts for the continuous variables and c2 for 
categorical data. Finally, standardized normative scores 
for each measure were calculated stratifying subjects by 
three education levels (0, 1 to 6, and 7 or more years of 
education) within three age groups (60 to 69, 70 to 79, 
and 80 or more years of age). Raw scores for all measures 
in each of the nine groups (by age and by education) 
were converted to standardized scores (Z scores) and 
then assigned to their corresponding raw scores with 
a mean of 0 and a standard deviation of 1. Z scores for 
-1.5 and 1.5 standard deviations were also determined, 
due to the use of this criterion to classify mild cognitive 
impairment.9

Table I

structure oF the modiFied ccce For the mhas waves. méxico, 2001-2012

Cognitive domain Test description 2001 2003 2012

Visuospatial abilities Copy two figures* ✔ ✔ ✔

Visual memory Recall figures* ✔ ✔ ✔

Verbal learning memory Repeat eight word list during three trials ✔ ✔ ✔

Verbal recall memory Free recall of eight word list ✔ ✔ ✔

Visual scanning Visual scan of stimuli embedded ✔ ✔ ✔

Orientation Day, month, year ✔ ✔

Verbal fluency Animals in 60 seconds ✔

Numeracy Time counting backwards 20 to 0 ✔

In 2012, only one figure had to be copied and recalled
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within three age groups (60 to 69, 70 to 79, and 80 or 
more years of age), for each wave (2001, 2003 and 2012). 
The tables present raw scores of each measure in the 
columns and the standardized value (Z value) to which 
it corresponds in the columns at the beginning and end 
of the table. Scores in the normal range correspond to 
a Z value of 0 with one standard deviation up +1 and 
down -1. The number of standard deviations above this 
range represent high levels of performance: normal high 
(1.5), high (2.0), and superior (3). Those below the normal 
range show different levels of impairment that can be 
classified as mild (-1.5), moderate (-2.0), and severe (-3.0). 
Considering that the changes introduced across the three 
waves of the study yield a total score of the cognition 
instrument that is different for each wave, we performed 
a similar exercise for the two previous waves.*

* Additional analyses were completed to determine the standar-
dized normative scores of the modified 2012 CCCE for the same 
three education levels, within the three age groups (60 to 69, 70 
to 79, and 80 or more years of age), for each cognitive domain: 
visuospatial abilities, visual memory, verbal learning memory, 
verbal recall memory, visual scanning, orientation, verbal fluency, 
and numeracy. The results are available for download at https://
www.dropbox.com/s/8t273dt2vu9yril/Normative%20and%20
Standardized%20data%20for%20Cognition%20measures%20in%20
the%20MHAS-%20Additional%20Tables.pdf?dl=0

Table II

raw and coded scores For 2012 ccce
new measures. mexico

Coded score

Verbal fluency (number of animals)
      0-8 1
      9-18 2
      19-24 3
      25-50 4

Numeracy (time in seconds)
      31-60 1
      21-30 2
      11-20 3
      3-10 4

Table III

demographic characteristics and cognitive 
perFormance. mexico, 2012

Variables Min - Max Descriptives %, Mean (SD)

Sex: female 52.7%

Age: years 60-110 68.6 (6.8)
      60 to 69 62.5
      70 to 79 29.2
      80 and more 8.3

Education: years 0-21 6.1 (4.6)
      0 years 11.1
      1-6 years 55.8
      7 and more years 33.1

Orientation 0-3 2.6 (0.7)
Verbal learning memory 0-8 4.8 (1.2)
Verbal recall memory 0-8 4.4 (1.9)
Visual scanning 0-60 28.3 (14.5)
Visuospatial abilities 0-6 5.6 (0.9)
Visual memory 0-6 4.8 (1.6)
Verbal fluency 0-35 15.3 (4.8)
Numeracy 3-60 10.3 (6.6)

Results
Demographic characteristics of the sample are presented 
in table III. Of the 5 120 subjects in the analytical sample, 
53% were women. The mean age of the sample was 68.6 
years (SD 6.8), nearly two thirds of the elders were in 
the lowest age range (60-69 years), 29% were aged 70 to 
79 years, and less than 10% were in the oldest old group 
(aged 80 and older). The average education in years was 
6.1; however, the standard deviation of 4.6 is evidence 
of the large variance among subjects. More than 10% 
have no schooling, half of them attended school between 
1 and 6 years, and one third of the sample had seven 
or more years of education. Although results are not 
shown, CCCE scores were weakly but significantly cor-
related with age, with values ranging from r = -0.014 to 
-0.32. In comparison, correlations with education were 
higher (r= 0.26 to 0.51). 
 Although results are not shown, anova analysis 
by age and education showed significant differences 
(p<0.00) between the three education groups within 
the age group 60-69. There is a pattern of increasing 
scores with increasing education level. Elders aged 70 
to 79 years also showed the same pattern, although per-
formance in recall memory was not different between 
the lowest education groups (0 years and 1-6 years). 
However, in the oldest old, differences were not appar-
ent among several tests between the lowest education 
groups (e.g., verbal learning memory, memory recall, 
verbal fluency) and between the mid and highest educa-
tion groups (memory recall, visual memory, orientation). 
 Tables IV, V and VI present the total standardized 
normative score of the modified CCCE for three educa-
tion levels (0, 1 to 6, and 7 or more years of education) 
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Table IV

norms For total scores in participants during 2001 wave (n=4 348). mexico

2001

Z
Score

60 to 69 years 70 to 79 years 80 and more years Z
Score0 educ 1 to 6 educ 7+ educ 0 educ 1 to 6 educ 7+ educ 0 educ 1 to 6 educ 7+ educ

3 63-80 73-80 55-80 58-80 79-80 63-80 67-80 78-80 3

2.0 53-62 63-72 77-80 46-54 56-67 73-78 47-48 51-63 60-68 2.0

1.5 48-52 58-62 72-76 41-45 51-55 67-72 38-44 45-50 55-59 1.5

1 41-47 50-57 64-71 35-40 43-50 59-66 30-37 37-44 48-54 1

0 24-40 31-49 46-63 20-34 25-42 39-58 15-29 19-36 30-47 0

-1 17-23 23-30 38-45 14-19 18-24 30-38 8-14 11-18 23-29 -1

-1.5 12-16 18-22 32-37 10-13 13-17 24-29 4-7 5-10 17-22 -1.5

-2.0 4-11 8-17 18-31 7-8 5-12 9-23 0-3 0-4 9-16 -2.0
-3.0 0-3 0-7 0-17 0-6 0-4 0-6 0-8 -3.0

Table V

norms For total scores in participants during 2003 wave (n=4 237). mexico

2003

Z
Score

60 to 69 years 70 to 79 years 80 and more years Z
Score0 educ 1 to 6 educ 7+ educ 0 educ 1 to 6 educ 7+ educ 0 educ 1 to 6 educ 7+ educ

3 69-83 79-83 56-83 72-83 53-83 66-83 72-83 3

2.0 57-68 66-78 81-83 49-51 59-71 76-83 45-51 54-65 65-71 2.0

1.5 51-55 60-65 75-80 44-48 53-58 70-75 41-44 48-53 57-62 1.5

1 44-50 53-59 67-74 37-42 46-52 62-69 33-40 40-47 50-56 1

0 26-43 34-52 48-66 22-36 28-45 41-61 16-32 21-39 32-49 0

-1 19-25 26-33 41-47 16-21 21-27 33-40 10-15 13-20 25-30 -1

-1.5 14-18 21-25 35-40 12-15 15-20 26-32 7-11 7-12 20-24 -1.5

-2.0 5-13 9-20 22-34 8-11 6-14 12-25 0-6 4-6 12-18 -2.0
-3.0 0-4 0-8 0-21 0-7 0-5 0-11 0-3 0-11 -3.0

Table VI

norms For total scores in participants during 2012 wave (n=5 120). mexico

2012

Z
Score

60 to 69 years 70 to 79 years 80 and more years Z
Score0 educ 1 to 6 educ 7+ educ 0 educ 1 to 6 educ 7+ educ 0 educ 1 to 6 educ 7+ educ

3 83-99 92-99 74-99 87-99 67-99 80-99 83-99 3

2.0 70-82 80-91 95-99 60-70 73-86 92-99 59-66 67-79 77-82 2.0

1.5 64-69 74-79 89-94 55-59 67-72 84-91 54-58 60-66 71-75 1.5

1 61-63 66-73 81-88 48-54 58-66 75-83 46-53 51-59 63-70 1

0 38-60 46-65 62-80 34-47 39-57 54-74 26-44 32-50 44-62 0

-1 30-37 38-45 54-61 26-33 31-38 45-53 19-25 23-31 36-43 -1

-1.5 25-29 31-37 48-53 22-25 25-30 41-44 12-17 17-22 30-35 -1.5

-2.0 15-23 13-30 33-47 13-21 12-24 23-38 0-11 13-16 18-25 -2.0
-3.0 0-9 0-12 0-25 0-12 0-11 0-22 0-10 0-17 -3.0
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Discussion
The present study aimed to provide standardized refer-
ence norms for the Cross Cultural Cognitive Examina-
tion Test (CCCE) and its modified version used in the 
Mexican Health and Aging Study (MHAS) in Mexican 
individuals aged 60 and over. The result tables present 
standardized normed scores for eight cognitive do-
mains: orientation, attention, verbal learning memory, 
verbal recall memory, visuospatial abilities, visual mem-
ory, executive function, and numeracy in three educa-
tion groups within three age groups. When measuring 
cognitive functioning in survey studies, three issues 
need to be considered, all of which were confirmed 
by the results: a) Cognitive structure is multidimen-
sional, as shown by the results, with subjects present-
ing variation across the multiple domains; b) Declines 
in cognitive function with age are not uniform, either 
within or across cognitive domains, and the results again 
confirm the expectation, showing heterogeneity in the 
age declines, and c) Decline in cognitive abilities show 
inter-individual variability. Multidimensionality of cog-
nitive structure is measured in the CCCE through seven 
domains, which guarantees a comprehensive analysis of 
the elders’ cognitive status. For example, the ability to 
learn and retain new information is probably the most 
widely recognized cognitive consequence of aging. Both 
measures (verbal learning and recall memory) follow a 
different decline gradient with age10 and may predict 
different levels of a person’s need for assistance with 
basic activities of daily living.11 Furthermore, the nature 
of the change that occurs, the point at which changes 
become apparent, and the magnitude and rate of change 
vary, depending upon the cognitive domain in question. 
In general, researchers have explained the changes in 
cognition through an overall cognitive decline due to 
slowing of processing speed,12 diminished attention 
resources, and reduced working memory capacity.13 
Another approach focuses on specific domains. Within a 
cognitive spectrum, they vary from high to low sensitiv-
ity to age: a) learning and memory; b) executive function 
abilities; c) language; d) visual-spatial abilities, and e) 
sustained attention.14 Changes in cognition may begin 
very early in life. However, the differences may be too 
small to measure until the study subjects have reached 
older ages. For some researchers, significant age-related 
decline is not normative until after age 60 on most ability 
measures; however, there are wide individual differ-
ences in rates of change trajectories in midlife. Looking 
retrospectively over the association of these trajectories 
during midlife with subsequent functioning in old age, 
it has been reported that subjects who showed decline 
in old age had low performance in memory, verbal flu-

ency, and psychomotor speed in midlife, while declines 
in reasoning, spatial orientation, and vocabulary were 
not precursors of impairment.15

 The standardized normed scores presented in this 
paper will permit the study of cognitive decline in the 
participants of a large national sample followed up to 
study the aging process in Mexicans, and how cogni-
tive impairment is associated with a variety of health, 
economic, and social outcomes. Cognitive profiles at 
different periods of time may be studied by monitoring 
the changes among the different domains as well. The 
results of our analysis show that cognitive abilities have 
great inter-individual variability. Although the average 
score on many neuropsychological tests is lower among 
the older than the younger subjects, there is more vari-
ability in the older age group. It has been suggested that 
there are subtypes of “stables”, “decliners” and “gain-
ers” in terms of memory performance in middle age.15 
Individual differences in decline have been explained 
by the presence of risk factors such as education, race, 
gender, smoking, apolipoprotein E4 alleles, reduced 
hippocampus volume, co-morbid chronic diseases, as 
well as by protective factors: high levels of education, 
environmental complexity, nature of work, cognitive 
engagement, and physical exercise.16

 The CCCE standardized normed scores provide 
data by age, which is the most important risk factor for 
cognitive impairment; and for education levels, which 
is one of the biggest sources of variability in cognitive 
performance, in addition to being a key risk factor in the 
Mexican population of older adults, with a large share 
of illiterate elders.17

 The standardized scores present several advan-
tages for researchers. The norms serve to convert raw 
scores to a common metric and facilitate comparison 
of scores across different cognitive measures. Despite 
these virtues, it is necessary to consider the limitations 
of the present study. First, there is ongoing debate about 
what constitutes the “best” normative comparison 
group for neuro-cognitive tests, with some authors 
advocating that screening out common illnesses results 
in “supernormal” samples that may not represent the 
general population. We did not address this issue, but 
presented community-based population norms and 
excluded subjects with major neurologic and psychi-
atric symptoms, which are known to affect cognitive 
performance.18 Second, we did not present cut-off points 
separately by gender. There were no meaningful gender 
differences in the results (not shown and available upon 
request); thus, we opted to present the results with both 
genders together. Future analysis with larger samples 
may support the calculation of cut-off points stratified 
by gender.
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 Finally, our results also point to several possible 
avenues of future research. The lack of association be-
tween education and cognition at older ages deserves 
further exploration, since this well-established pattern 
of associations is a key indicator of health and mortal-
ity differentials. In addition, it would be informative to 
identify how much of the overall convergence of cogni-
tive scores at older ages is due to particular domains and 
to establish if all domains converge at similar rates.
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