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Abstract
Normative information is important for appropriate interpretation of cognitive test scores as a
critical component of dementia diagnosis in the elderly population. A cross-sectional evaluation of
1826 participants aged 65 years and older from four rural counties in China was conducted using
six cognitive instruments including tests of global cognitive function (the Community Screening
Instrument for Dementia), Memory (Word List Learning and Recall tasks from the Consortium to
Establish a Registry for Alzheimer’s Disease, IU Story), Language (Animal Fluency Test), and
executive function (IU Token). Multiple regression models adjusting for demographic variables
were used to provide standardized residuals z-scores and corresponding percentile ranking for
each cognitive test. In all cognitive tests, older age was associated with worse test performance
while exposure to education was related to better cognitive test performance. We also detected a
significant gender difference with men scoring better than women and a significant gender by
education interaction on two tests. The interaction indicates that gender difference in test scores
was much smaller in participants with more education than those who had less or no education.
These demographically adjusted, regression-based norms can be a useful tool to clinicians
involved with differential diagnosis of cognitive and memory disorders in older adults in rural
China.
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Introduction
It is estimated that 24 million people worldwide have dementia with the number rising to 81
million by 2040 (Ferri, Prince, Brayne, Brodaty, Fratiglioni et al., 2005). The largest
proportion of new dementia cases is expected to come from China and the developing
western Pacific region where 1.2 million new cases per year are anticipated (Ferri et al.,
2005). Cognitive assessment is routinely conducted as a critical component of dementia
diagnosis. It is well known that differences in extent and approach to formal education,
vocational experiences, interests, and engagement in reading and writing in the lifespan can
combine in complex ways to produce locally distinctive influences on measured cognitive
ability in older adults in any particular region (Hertzog, 1996; Anstey & Christensen, 2000).
Hence, normative data that can take into account these demographic and background
information is necessary for the interpretation of cognitive test scores in populations of
interest.

Several normative studies in older adults of Asian descent have been published including
those from Mainland China (Hsieh & Tori, 2007; Sosa, Albanese, Prince, Acosta, Ferri et
al., 2009), Singapore (Lim, Collinson, Feng & Ng, 2010) and Taiwan (Lin, Wang, Liu,
Chen, Lee et al., 2002). However, these studies either had small sample sizes or included
only urban populations with the exception of one study reporting on neuropsychological
performance in a relatively large sample of rural elderly participants (n=946) from a
suburban county of Beijing, China (Sosa et al., 2009). More importantly, none of the studies
examined potential interactions among demographic variables on cognitive performances.
Given that the majority of the elderly Chinese population resides in rural areas, there is a
need for neuropsychological data from large cohorts of community-based rural subjects. In
this paper, we report on the joint effects of age, education, and gender on
neuropsychological test performance in a sample of 1826 rural elderly Chinese men and
women and provide demographically-adjusted, regression-based norms.

Method
Study Population

A total of 2000 older adults were recruited for the Selenium and Cognitive Decline study, a
longitudinal epidemiologic project funded by the National Institute of Health examining the
long-term impact of selenium on cognitive function in rural elderly Chinese [see Gao, Jin,
Hall, Liang, Unverzagt et al. 2007 for details]. Two counties from Sichuan Province in
southwestern China and two counties from Shandong Province in eastern China were
selected based on: rural areas with historically low in- and out-migration, wide range of
selenium levels but comparable trace elements otherwise, comparable age and gender
proportions, and sufficient population to provide 500 elderly subjects per county. Sites with
known endemic diseases (including Keshan disease, Kaschin-Beck disease, goiter and
Cretinism, and fluorosis) were excluded from consideration.

Residents aged 65 years or older from these four counties were invited to participate in the
study. The only exclusion criterion was examiner-rated hearing loss precluding cognitive
assessment. Interviewers, who were employees of county-level Center for Disease Control
offices, traveled to the sites, established a temporary headquarter, and conducted a complete
door-to-door census of residents age 65 years and older in the area. Enrollment at each site
continued from village to village until 500 elderly participants were enrolled. There were no
refusals; all subjects provided written informed consent to participate in the study which was
approved by both the Indiana University Purdue University Indianapolis Institutional
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Review Board and the Institute for Environmental Health and Related Safety, Chinese
Center for Disease Control and Prevention.

Cognitive Assessment
Cognitive tests used in this project were selected because of wide use in other large scale
epidemiological studies of cognitive aging in US (Hall, Ogunniyi, Hendrie, Osuntokun et al.,
1996; Ganguli, Belle, Ratcliff, Seaberg, Huff et al., 1993; Snitz, Unverzagt, Chang, Vander
Bilt, Gao et al., 2009; Langa, Plassman, Wallace, Herzog, Heeringa et al., 2005); Africa
(Hall et al., 1996); South America (Sosa et al., 2009), and Asia (Emsley, Gao, Li, Liang, Ji
et al., 2000; Sosa et al., 2009). Cognitive assessment was conducted in face-to-face
interviews in the homes of study participants.

Global Cognitive Status was measured with the Community Screening Instrument for
Dementia (CSID) (Hall et al., 1996). The CSID has items assessing orientation, memory,
abstract thinking, judgment, language, and praxis. For this project, a raw score method was
used for scoring resulting in score range of 0–30 with higher scores indicating better
cognitive function. The CSID has good two-week test-retest reliability (intraclass
correlation=0.79) and inter-rater reliability (kappa=1 for 94% of the items) (Hall, Hendrie,
Brittain, et al., 1993; Hall, Ogunniyi, Hendrie et al., 1994; Hall et al., 1996; Hall, Gao,
Emsley, Ogunniyi, Morgan et al., 2000). Memory was assessed with two measures. Word
List Learning (Morris, Heyman, Mohs, Hughes, van Belle et al., 1989) is a 3-trial, 10-item
word list learning test with free recall taken after each learning trial and after a brief delay.
Scores are the total number of words recalled across the three learning trials (range 0–30)
and after delay (range 0–10) with higher scores indicating better performance. Word List
Learning has a one-month test-retest reliability coefficient of 0.62 while Word List Delayed
Recall has test-retest reliability of 0.64 (Morris et al., 1989). The IU Story is a prose recall
task created for this project to be suitable to the Chinese culture and the rural population.
The examiner reads a paragraph-length story out loud to the subject who then attempts to
restate the story immediately. The story has 14 units of information that are gist scored
(range 0–14) with higher scores indicating better memory. The story was tested in 1016
elderly Chinese in a previous pilot study and was found to be acceptable to the villagers and
produced a normally distributed range of scores (Emsley et al., 2000). Language was
assessed with the Animal Fluency Test (Isaacs & Akhtar, 1972) in which subjects name as
many animals as possible in 60 seconds. One month test-retest was 0.67 in normal subjects
without dementia (Morris et al., 1989). Executive Function was measured with the IU Token
Test (Yamamoto, Evans, Johnson & Unverzagt, 2003; Snitz et al., 2009). A sheet of paper
with an array of circles and squares of varying size (small and large) and color (red, black,
yellow, and green) is presented to the subject. The examiner reads aloud a series of
commands that ask the subject to point to the figures in various combinations. IU Token
score is number correct (range 0–24) with higher scores indicating better performance.

The test items and instructions were harmonized to Chinese culture. The questionnaire was
translated into Chinese, and back-translated into English. The translations were performed
by persons outside the Beijing and Indiana University research teams in order to avoid bias.

Interviewers had college degrees in public health or related areas and spoke the local dialect.
All interviews were conducted in the local dialect. Interviewers received training in all study
instruments. Prior to conducting fieldwork, interviewers had to achieve greater than or equal
to 95% inter-rater reliability in mock assessments done with volunteers from the community.
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Other Information
Other information collected during the evaluation included age, gender, whether the
participant attended school and years of schooling, marital status, history of cancer, diabetes,
hypertension, stroke, heart attack, head injury and fracture by self-report.

Statistical Analysis
Group differences were evaluated using two sample t-test for continuous variable and Chi-
square test for categorical variable. Q-Q plots for normality and residual plots for constant
variance indicated that assumptions for multiple regression models were met. Following
Parmenter et al. (Parmenter, Testa, Schretlen, Weinstock-Guttman & Benedict, 2010) and
Smerbeck et al. (Smerbeck, Parrish, Yeh, Hoogs, Krupp et al., 2011), multiple regression
models were used with each of the cognitive tests as the dependent variable, age, gender,
education and all interactions as potential covariates. The final regression model consists of
covariates and interactions with p<0.05. These models can then be used by readers to
generate demographically-adjusted z-scores and percentiles to assist in interpreting the level
of performance of any given patient as follows: 1) generate a demographically-adjusted
predicted test score for a patient by entering the patient’s demographic information into an
equation using coefficient estimates from our multiple regression models, 2) subtract the
obtained test score from the predicted test score and divide by the standard deviation of the
residuals, 3) the resultant z-score can be interpreted directly or converted to a percentile
which indicates the patient’s standing relative to peers of comparable age, gender, and
education. See supplementary data for spreadsheets that facilitate these calculations.

Results
Two thousand elderly subjects were recruited for the selenium project. For this normative
study, we excluded participants with diseases that may interfere with cognitive performance.
Hence 174 participants (18 with Parkinson’s disease, 61 with stroke, and 95 with history of
head injury) were excluded from data analysis. Demographic characteristics of the study
participants are presented in Table 1. For the 1826 participants included in this analysis,
mean age was 71.9 (SD = 5.6), mean years of education was 1.6 (SD = 2.6) with 62 % never
attended school. Sixty-two percent were married, and hypertension was the most common
self-reported medical disorder (15.7%). There were some notable differences by gender with
women having significantly less education, higher rate of being widowed, and higher rate of
diabetes.

Cumulative frequency distributions of raw scores for each cognitive test in the entire sample
are presented in Table 2. These percentiles represent the performance ranking of test scores
without taking into account any participant characteristics. We conducted a series of
regression models using each cognitive score as the dependent variable, age, gender and
education are considered as potential covariates as well as all two-way interactions.
Regression coefficients, standard errors of the coefficients, p-values, standardized
coefficient estimates, R square and standard deviations of residuals from the final regression
models including only significant covariates and interactions are presented in Table 3. The
three demographic variables (age, gender and education) accounted for the largest variation
on the CSID (R2=23%) and they accounted for the least variation on the IU story (R2 =9%).
All cognitive scores were affected by age (older age associated with worse cognitive
performance), gender (men performed better than women), and education (more education
associated with better cognitive performance). We also found significant interaction effects
on the CSID and IU Token Test, indicating a greater gender difference in cognitive scores in
those with less or no education than in those with more education. Main effects of age,
education, and gender were observed for Word List Learning, Word List Recall, and Animal
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Fluency. Main effects for age and education were noted for IU Story. We repeated the
analysis using all 2000 subjects and the results did not differ much– i.e., parameter estimates
unchanged at the 1st or 2nd decimal.

The figure displays an example of a spreadsheet setup that automatically calculates
demographically-adjusted normative rankings (z-score and percentile) for the CSID
indicating relative placement of an individual’s observed score versus this sample. In the
spreadsheet, column A lists variable names (e.g., cell A2 is the variable name, age). In
column B, rows B2 to B6 are used to enter demographic information and observed CSID
score from the individual (For example, cell B2 is for entering the actual value of age for the
individual); rows B8 to B13 include parameter estimates and standard deviation of residuals
from the multiple regression model of the CSID from Table 3 (e.g., the value in cell B9 is
the coefficient estimate for age effect); the last three rows are used to generate predicted
CSID score, z-score as well as the corresponding percentile ranking (the value in cell B14 is
the predicted CSID score calculated using multiple regression model formula (1), cell B15 is
the residual z-score generated by formula (2), and cell B16 is the corresponding percentile
ranking using the statistic function NORMSDIST in Excel). As an illustration, we consider a
female subject aged 71 years with 6 years of education and an observed CSID score of 26.
Using the coefficients for CSID (row 3 to row7 in column 3 from Table 3), the multiple
regression data can be combined to form an equation that generates a predicted CSID score
for this individual as follows:

(1)

The demographically-adjusted predicted CSID score for this 71 year old, female, with 6
years of education is 27.26. By calculating the difference between observed (26) and
predicted scores (27.26) divided by the standard deviation of residual (3.1198, value in row
7and column 8from Table 3), a demographically-adjusted residual z-score of −0.41 is
generated using the following formula

(2)

This z-score can then be transformed into a percentile based on the normal distribution of
the residuals from the regression model. For the subject in our illustration, a residual z-score
of −0.41 equates to approximately the 34th percentile, a performance in the low end of the
average range.

Discussion
We examined the effect of demographic variation on cognitive test performance in a large
sample of rural Chinese older adults and also provided demographically adjusted regression
based norms. In this large sample of older, rural Chinese adults, age and education had
strong and consistent effects on cognitive test performance. For all six cognitive tests used in
our study, older age was associated with worse test performance while education was
positively related to cognitive test performance. Gender was also related to performance
(men did better than women); however, this effect may be driven by a gender and education
interaction in that the gender difference in test scores was much smaller in participants with
more education than those who had less or no education. These demographically-adjusted
regression-based norms will allow efficient ranking of an individual’s cognitive scores based
on this large sample thus facilitating test score interpretation.
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Over the last two decades, many cognitive normative studies of older adults have been
published. Busch and Chapin provided an excellent review of cognitive normative studies
for older adults in North America and Europe (Busch & Chapin, 2008). Measures included
in the review included the Mini-mental State Examination (MMSE), Modified Mini-mental
State Examination (3MS), Dementia Rating Scale, Cognistat, CERAD cognitive battery,
Repeatable Battery for the Assessment of Neuropsychological Status (RBANS), and the
Mayo Clinic normative studies projects. The review identified four large studies with sample
sizes of 1000 or more. Ganguli et al. reported norms of the neuropsychological tests of the
assessment protocol used in the Consortium to Establish a Registry for Alzheimer’s Disease
(CERAD), based on a rural community sample of 1350 subjects aged 65 years and older
with median education of 12 years living in Pennsylvania (Ganguli, Ratcliff, Huff, Kancel,
Fisher et al., 1991). They reported younger age, more education and female gender to be
independently related to better performance on nearly all of the CERAD tests. Crum et al.
reported age- and education- specific normative data for the Mini-Mental State Examination
(MMSE) from a sample of 18056 adults aged 18 and older in US, with 46% participants
receiving high school education and 32% participants having college or higher education
(Crum, Anthony, Bassett & Folstein, 1991). They found older age and less education were
associated with worse MMSE scores. Schmidt et al. reported norms for the Dementia Rating
Scale (DRS) (Schmidt, Freidl, Fazekas, Reinhart, Grieshofer et al., 1994) based on a sample
of 1001 healthy volunteers in Austria, aged 50 to 80 years, with mean of 10.8 years of
schooling (68% had 10 or more years of education). They also observed participants with
younger age and more education to have better performance on DRS test. In a study reported
by Bravo and Hebert, age- and education-specific reference values for MMSE and 3MS
Examination were derived from a Canadian population of 7754 subjects aged 65 years and
older, 69% of whom had 9 or more years of schooling (Bravo & Hebert, 1997). In that
study, MMSE and 3MS showed negative relationships with age and positive relationships
with education. In addition, females scored slightly better than males. Among these four
large studies, only the Ganguli et al., 1991 study examined performance of multiple
neuropsychological tests, and none of them examined interactions among demographic
variables except the Canadian study where age by education interactions were examined. In
addition, none of these studies provided regression-based equations. Our results on the
association between age and education and cognitive test performance are consistent with
these four studies while our gender finding that men perform better than women was counter
to the Ganguli et. al. report where women performed better than men. The reason for this
reversal is unclear but it may be related to differences in the pervasiveness of education in
the two settings, i.e., minimal in our China sample and extensive in the Ganguli sample. In
situations where education is widely distributed in a sample, it may then be possible to see
gender main effects that are not otherwise detectable and not confounded by education.

There are also several large studies reporting cognitive norms in elderly Asian populations.
In a sample of 405 healthy Japanese adults aged 65 years and older with an average of 8
years of education, older age and less education were found to correspond to poorer
performance on the Benton Visual Form Discrimination test (Kasai, Ishizaki, Ishii,
Yamaguchi, Yamadori et al., 2009). Another normative study of 2266 elderly Japanese
participants, 96% of whom had 6 or more years of schooling, showed the same trend of age
negatively and education positively affecting MMSE scores (Ishizaki, Meguro, Ambo,
Shimada, Yamaguchi, Hayasaka et al., 1998). Lin and colleagues examined the performance
of the Cognitive Abilities Screening Instrument (CASI) in a sample of 1178 non-demented
older Taiwanese adults, 57% of whom never attended to school (Lin et al., 2002). Again, an
inverse relationship with age and a positive relationship with education were observed. In
addition, Lin et al reported that among subjects with no education males scored significantly
higher than females. The 10/66 Dementia Research Group included 946 rural elderly
Chinese aged 65 and over, with 57% participants having no education, from a suburb in
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Beijing and examined cognitive performances on a 3-trial 10-item word list, verbal fluency,
and global cognitive screener (CSI-D) (Sosa et al., 2009). An urban sample of 1076 Chinese
elders were also included in the 10/66 study. For both urban and rural samples, independent
effects were noted for age, education, and gender. Increasing age and decreasing education
were associated with lower scores and men tended to do better than women. Lee et. al
studied the performance of the CERAD neuropsychological battery in 618 healthy Korean
elderly aged 60 to 90 years where 26% of participants had no education. In their study, age
was negatively related to performance on all tests and education was positively related to all
tests except Word List Recognition. A gender by education interaction was found for Boston
Naming Test, MMSE and Constructional Praxis such that the men had a performance
advantage at lower education levels. Our results for the effects of age and education on
cognitive test performance are consistent with these findings from Asia and specifically in
line with those of Lee et al., 2004 in detecting a gender by education interaction where the
male advantage is greatest at the lower levels of education.

This gender by education interaction suggests that the work and life roles of older Asian
men and women with no education differed in a way that may have allowed men but not
women to develop some cognitive or literacy skills. As children and adults, the men and
women in this cohort would have experienced quite different paths. For the most part,
women who did not attend school would have tended to household duties from a very young
age to older adulthood, such as weaving, cooking, and other household chores. Men on the
other hand would have greater opportunities working outside the home environment and
interacting with others as the primary income earner for the family. It is possible that the life
of men in this context is sufficiently interactive or demanding that they become self-
educated, whereas the life of uneducated women is less diverse and stimulating with
resultant differences in objective test performance. When education is more widely
available, women receive the same beneficial exposure as men and do just as well
cognitively if not better (see Ganguli et al., 1991).

The present study has a number of strengths including a large sample size from an
understudied population and examination of a range of cognitive domains including
memory, language, and executive functions. Our study population included participants with
chronic diseases such as hypertension or diabetes, common comorbidities in the elderly
population (Østbye, Krause, Norton, Tschanz, Sanders et al., 2006). It is important that
normative samples reflect these medical complexities so that patients from similar
populations can be appropriately evaluated. Our cognitive measures included several that
were developed for populations with low literacy rate. By providing regression based norms
on multiple cognitive tests from the same sample, we facilitate the comparisons between
cognitive tests and avoid the inaccuracies resulting from norms derived from multiple
samples.

Our study also has limitations. Relatively few men and almost no women from this cohort
had more than 6 years of education. Despite this range restriction, we were able to detect an
education effect and in fact to document an interesting gender-education interaction. We did
not formally assess reading levels in this cohort. It is possible that some older adults with no
formal schooling did learn to read and contrariwise that some who had exposure to formal
schooling in their youth never applied reading in their daily lives. This would have the effect
of attenuating the relationship of education to test performance in this study. Also, the
cognitive battery we used did not include a measure of visuospatial function.

This study provides demographically-adjusted, regression-based norms that were derived
from the largest sample of rural Chinese to date. Age and education had relatively strong
influences on cognitive test performance while an interesting gender-education interaction

Yang et al. Page 7

Clin Neuropsychol. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



suggested that gender differences were maximal among those with least amounts of
education. The demographically-adjusted scores will be useful to clinicians involved in
differential diagnosis of cognitive and memory disorders in older rural Chinese. These data
will be most useful when the procedures we used in administration and scoring are followed
and the patient in question matches closely with this sample demographically. To the degree
there is significant divergence in assessment approach or demographic match, these
reference values will have decreasing or even limited utility.
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Figure.
Layout and formulas for calculating demographically-adjusted z-score and percentile
equivalents.
Notes: CSID: the Community Screening Instrument for Dementia.
SD: standardized deviation.
NORMSDIST: statistical function in Excel used to calculate percentile for standardized
normal distribution.
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Table 1

Demographic and health history characteristics for the whole sample (n=1826) and by gender separately

All (n=1826) Male (n=837) Female (n=989) p-value

Age, M (SD) 71.9 (5.6) 71.5 (5.5) 72.2 (5.6) 0.0068

Years of schooling, M(SD) 1.6 (2.6) 2.8 (2.9) 0.6 (1.6) <0.0001

 0 years, n (%) 1226 (61.7) 290 (34.6) 836 (84.5)

 1–5 years, n (%) 498 (27.3) 377 (45.0) 121 (12.2)

 5+ years, n (%) 202 (11.1) 170 (20.3) 32 (3.2)

Marital Status <0.0001

 Married, n (%) 1125 (61.6) 596 (71.2) 529 (53.5)

 Widowed, n (%) 679 (37.2) 224 (26.8) 455 (46.0)

 Other, n (%) 22 (1.2) 17 (2.0) 5 (0.5)

Health History, n (%)

 Cancer 5 (0.3) 3 (0.4) 2 (0.2) 0.5245

 Diabetes 41 (2.3) 10 (1.2) 31 (3.1) 0.0053

 Hypertension 286 (15.7) 117 (14.0) 169 (17.1) 0.0702

 Heart Attack 52 (2.8) 19 (2.3) 33 (3.3) 0.1721

 Fracture 35 (1.9) 14 (1.7) 21 (2.1) 0.4847

Notes: p-value represents the difference between male and female for each demographic variable.
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