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Normalization of Rowland Universal 
Dementia Assessment Scale 

(RUDAS) in Chilean older people
Consuelo Sepúlveda-Ibarra1,2 , Fernando Henríquez Chaparro3,4,5,6 ,  

Anthony Marcotti7,8 , Guillermo Soto2 , Andrea Slachevsky3,4,5,9 

ABSTRACT. Rowland Universal Dementia Assessment Scale (RUDAS) is a cognitive screening that evaluates older people with low 
educational levels. In Chile, there are no normative data to assess this population. Objective: To obtain normative data on RUDAS 
in older Chilean people with up to 12 years of schooling, and to determine whether age and schooling years influence a person’s 
performance on RUDAS and on the items that constitute it. Methods: A group of cognitively healthy people 60 years old or over, 
with up to 12 schooling years was evaluated (n=135). Multiple regression models were applied to obtain normative data on RUDAS, 
according to age and schooling years, and to measure the effects of schooling on different items. Results: Regression analysis 
showed that none of the items had schooling as a significant predictor, except for the visuoconstruction item. The variables age and 
schooling explained 12.6% (R^2=0.126) of the RUDAS total score variance. The item visuoconstruction was the most associated 
with the educational level (OR=1,147). Conclusion: This study showed that RUDAS is a recommended instrument for evaluating older 
people with low educational levels. However, more studies are needed to prove the validity of the RUDAS on Chilean older people.
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Normalização da Escala Universal de Avaliação de Demência de Rowland (RUDAS) em idosos chilenos
RESUMO. RUDAS é uma triagem cognitiva que avalia idosos com baixa escolaridade. No Chile não existem dados normativos para 
avaliar essa população. Objetivo: Obter dados normativos sobre RUDAS em idosos chilenos com até 12 anos de escolaridade. Além 
disso, determinar se a idade e a escolaridade influenciam o desempenho de uma pessoa no RUDAS e nos itens que o constituem. 
Métodos: Foi avaliado um grupo de pessoas cognitivamente saudáveis, com 60 anos ou mais e até 12 anos de escolaridade (n=135). 
Modelos de regressão múltipla foram utilizados para obter dados normativos do RUDAS, segundo idade e anos de escolaridade, 
e para mensurar os efeitos da escolaridade em diferentes itens. Resultados: A análise de regressão mostrou que nenhum dos 
itens teve a escolaridade como preditor significativo, exceto o item visuoconstrução. As variáveis idade e escolaridade explicam 
12,6% (R^2=0,126) da variância do escore total do RUDAS. O item visuoconstrução é o mais associado ao nível de escolaridade 
(OR=1,147). Conclusão: Este estudo mostrou que o RUDAS é um instrumento recomendado para a avaliação de idosos com baixa 
escolaridade. No entanto, são necessários mais estudos para comprovar a validade do RUDAS em idosos chilenos.

Palavras-chave: Demência; Idoso; Alfabetização; Testes de Estado Mental e Demência.
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INTRODUCTION

Dementia is a public health problem. It is estimated 
that by 2050 it will affect 152 million people, with 

a higher proportion in low-income countries1. Multi-
ple risk factors increase the probability of developing 
dementia, including a low educational level2, which is 
not only a significant risk factor but also has a higher 
rate of sub-diagnoses3, and is even higher in low-income 
countries4. Currently, there are few screening instru-
ments to evaluate this population5.

Dementia diagnosis is complex, and timely detection 
is essential to initiate medical care and delay its impact 
on people’s functionality. Furthermore, it is important to 
minimize the effects on caregivers and improve patients’ 
quality of life6. The diagnosis is established based on clinical 
symptoms and cognitive evaluation, with the objectifica-
tion of cognitive decline serving as a criterion to determine 
the condition7. It is also known that educational level is one 
of the main factors affecting cognitive test performance, 
justifying the need to improve evaluation methods for 
illiterate people and those with low educational level8.

The Rowland Universal Dementia Assessment Scale 
(RUDAS) was designed to assess people with low educa-
tional levels9. It was developed in Australia and currently 
has validation in different countries10-20, where it obtained 
good psychometric measures that suggest its usefulness. 
Its results observed a low influence of schooling on its to-
tal score in several studies21. Nonetheless, this continues 
to be a subject of research. It has been recommended for 
public health use due to its easy and quick application22.

In Latin America (LA), there are validations in Peru 
and Brazil, and so far, RUDAS has not been normalized 
in Chile. In this country, 8.2% of the elderly population 
over 60 years old is illiterate23, which requires adequate 
instruments for evaluation. 

The normalization of a test refers to a collection 
of scores from a representative sample of the general 
population and, in general, a relatively large sample size 
is used24. To avoid the need for a large sample size, this 
paper proposes a normalization based on a regression 
model, which allows the obtention of valid normative 
data with small sample of subjects25.

This investigation aims to obtain normative data 
from RUDAS on older Chilean people with up to 12 years 
of schooling, in addition to determining if age and years 
of education influence a person’s performance in this 
cognitive screening and the items that constitute it.

METHODS
An observational cross-sectional study was designed. 
The study protocol was approved by the Scientific Ethics 

Committee of Facultad de Medicina of Universidad de 
Chile, under 168-2018. All subjects signed their corre-
sponding informed consent.

Participants
A non-probabilistic sampling was carried out, extending 
an open invitation to participants of elderly clubs and 
beneficiaries of Programa Vínculos, financed by Servicio 
Nacional del Adulto Mayor (SENAMA). This national 
public policy aims to increase the active participation 
of older people in their communities, enabling access to 
social conditions improvements26. 

The participants had to meet the following inclusion 
criteria: be 60 years old or over, have between 0 and 12 
schooling years, have functional hearing and vision, 
or, if necessary, have technical aids in good condition 
(hearing aids, optical lenses), and not having difficulties 
in their daily living activities measured by the technol-
ogy-activities of daily living questionnaire (T-ADLQ)27.

The study excludes participants with cognitive alter-
ations, with less than 13 points in the abbreviated Mini 
Mental State Examination (MMSE)28. It also excludes 
participants with depressive symptoms, with a score >2 
in the Patient Health Questionnaire version 9 (PHQ-9)29 
and a score >2 in the dementia screening questionnaire 
- Chilean version (AD8-Ch)30, participants with a history 
of drug use and alcohol abuse, with a total score in the 
Alcohol Use Disorder Identification Test (AUDIT-C)31 
>4, and a diagnosis of uncontrolled chronic non-com-
municable diseases with medicine.   

One hundred and fifty subjects answered the invita-
tion. Within those 150 respondents, 15 were excluded: 
one for presenting visual deficit without technical as-
sistance, one for having a precedent of cerebrovascular 
accident, one for being diagnosed with intellectual 
disability, two for being diagnosed with Parkinson’s 
disease, five for having more than 12 years of schooling, 
and another five for having a low performance in the 
abbreviated MMSE. The final sample consisted of 135 
participants (Figure 1).

Total recruited participants 

n=150
Visual deficit (n=1)

Precedent of cerebrovascular accident (n=1)

intellectual disability (n=1)

Parkinson's disease (n=2)

More than 12 years of schooling (n=5)

MMSE Score <13 (n=5)
Total included participants

n=135

Total excluded participants

n=15

Figure 1. Flowchart of the study participants.
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Instruments and procedures
Each participant and their companion were evaluated in 
a single session. The study’s objective was explained, and 
they were requested to sign informed consent. A brief 
interview was conducted, and the tests mentioned 
above were administered to corroborate compliance 
with inclusion and exclusion criteria. After confirming 
their suitability for the study, a RUDAS Spanish version 
was applied (Supplementary Material: https://www.
demneuropsy.com.br/wp-content/uploads/2023/09/
DN-2023.0033-Supplementary-Material-1-e-2.docx). 
The session was conducted by an evaluator in a distrac-
tor-free room, and it lasted approximately 30 minutes.

Instrument description
RUDAS is a cognitive screening test that is easy to apply 
and takes little time (12.8 minutes in its Spanish ver-
sion). It evaluates six cognitive domains: memory, body 
orientation, praxis, visuoconstruction, judgment, and 
language. It grants a total score ranging from 0 to 30, 
with 23 being the cut-off score in the original version9 
and 21/22 in its Spanish version10.

In its original version, RUDAS presented a receiver 
operating characteristic (ROC) curve of 0.94, 95% con-
fidence interval (CI), 89% sensitivity (95%CI 76–96%), 
and 98% specificity (95%CI 88–97%).

Statistical analysis
The analysis was conducted using Stata Statistics v16.1 
software. For descriptive purposes, means and standard de-
viations (SD) were estimated for the quantitative variables, 
and absolute and relative frequencies were estimated for the 
qualitative variables. The Shapiro-Wilk test was applied to 
investigate the data distribution. To select the covariates, re-
lationships with the RUDAS total score were explored using 
a t-test for independent samples or Spearman’s correlation 
coefficient (rho), depending on the nature of each one.

To estimate the normative values, a regression-based 
normalization32 was performed using the conditional mean 
to determine the expected score for each possible combina-
tion of covariates. The assumptions of a linear relationship, 
homoscedasticity, multicollinearity, and normality of the 
residuals were checked. Finally, ordered logistic regression 
models were created to perform an analysis of the schooling 
influence on RUDAS for each item. The corresponding odds 
ratios (OR) were estimated, and a likelihood ratio test was 
used to determine the assumption of proportional odds.

RESULTS
Of the 135 participants, 103 (76.3%) were women, while 
32 (23.7%) were men. No differences were observed in 

age (t=0.580; p=0.562), schooling (t=0.480; p=0.632) 
or location (ꭓ2(1)=1.124; p=0.289) between men and 
women. Regarding location, 100 (74.1%) belonged to 
the rural district of Calera de Tango, and 35 (25.9%) to 
the urban districts of Santiago, Pedro Aguirre Cerda, 
and Conchalí. No differences were observed in school-
ing according to location (t=-1.386; p=0.168). Howev-
er, there were age differences (t=-2.906; p=0.004), with 
an average of 70.5 (SD 7.6) years for subjects from rural 
locations and 74.7 (SD 6.4) for subjects from urban lo-
cations. Table 1 illustrates the details of the descriptive 
statistics of the sample. Table 2 shows the descriptive 
statistics for each item of the RUDAS and its total score.

Table 1. Descriptive statistics of the sample. 

Variable n=135

Age (mean; ±SD) 71.6 (±7.5)

Sex (n; %)
Female 103 (76.3)

Male 32 (23.7)

Years of education (mean; ±SD) 7.17 (±7.1)

Illiteracy (n) 2

Low – under 6 years (n) 61

High – above 6 years (n) 72

Locality (n; %)
Urban 35 (25.9)

Rural 100 (74)

Chronic pathologies (n; %)

Hypertension 92 (68.1)

Diabetes 30 (22.2)

Hypothyroidism 12 (8.9)

History of depression 27 (20.0)

Abbreviations: SD, standard deviation.

Table 2. Descriptive statistics of the RUDAS total score and its items (total 

sample: n=135).

Variable (RUDAS item) Mean SD Median IQR

Body orientation 5.00 0.00

Praxis 2.00 0.00

Visuospatial construction 1.00 3.00

Judgment 2.11 1.19

Memory 6.00 2.00

Language 8.00 0.00

Total scoring 24.50 2.59

Abbreviations: RUDAS, Rowland Universal Dementia Assessment Scale; SD, standard 

deviation; IQR, interquartile range. Notes: Mean and standard deviation were reported 

for normally distributed variables (p>0.05), while median and interquartile range were 

reported for variables with skewed distribution, as determined by the Shapiro-Wilk test.

https://www.demneuropsy.com.br/wp-content/uploads/2023/09/DN-2023.0033-Supplementary-Material-1-e-2.docx
https://www.demneuropsy.com.br/wp-content/uploads/2023/09/DN-2023.0033-Supplementary-Material-1-e-2.docx
https://www.demneuropsy.com.br/wp-content/uploads/2023/09/DN-2023.0033-Supplementary-Material-1-e-2.docx
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Selection of predictor variables
To select the regression model predictor variables, the 
relationship of the RUDAS total score with each of 
the variables of interest was studied independently. 
Age had a significant correlation with RUDAS total score 
(rho=-0.268; p=0.001), as well as schooling (rho=0.241; 
p=0.004). There were no significant differences between 
men and women (t=-0.068; p=0.945), and there were no 
differences between urban and rural locations (t=-0.103; 
p=0.917). Due to significant age differences evidenced 
by location, a preliminary multiple linear regression 
model was adjusted to assess the effect of location on 
the RUDAS total score controlled by age, resulting in a 
coefficient of 0.468 (95%CI -0.533–1.470) that was not 
a significant predictor (p=0.357).

Estimation of normative values
A multiple linear regression was run, considering the 
RUDAS total score as the dependent variable and age 
and schooling variables as predictors. A significant re-
gression equation was evidenced with F(2,132)=9.53, 
a p=0.000, and R^2=0.126. Both predictor variables 
were significant (Table 3). A significant constant 
(p<0.001) was also obtained with a value of 29.558 
(95%CI 25.430–33.685). In this way, the expected 
score for a subject is estimated according to the fol-
lowing equation: Ŷ=β0+ β1*X1– β1*X2; where Ŷ is the 
expected score; β0 is the constant of the model; β1, 
the estimated coefficient for schooling; and β2, the 
estimated coefficient for age. The terms X1 and X2 
correspond to schooling and age, respectively, both 
considered in years. In addition, it is possible to de-
termine the degree of variation between the observed 
and expected values in terms of standard deviation 
by computing the difference between both and divid-
ing it by the SD of the residuals. This standard error 
was 2.407 (95%CI 2.405–2.410). The normative data 
with their respective SD can be found in Supplemen-
tary Material 2 (https://www.demneuropsy.com.br/
wp-content/uploads/2023/09/DN-2023.0033-Sup-
plementary-Material-1-e-2.docx).

Analysis by item
Finally, ordered logistic regression models were created 
with the score of each RUDAS item as the response 
variable, and schooling was considered as the predic-
tor variable. All models were adjusted to the age of the 
subjects. None of the items had schooling as a signif-
icant predictor, except for the visuoconstruction item 
(Table 4). For this item, the model obtained was signif-
icant with p=0.001, an LR chi^2(2)=13.48, a pseudo 
R^2=.038, and schooling obtained OR=1.147. That is to 
say, for each additional year of schooling, the probability 
of moving from one scoring category to another in-
creases by 14.7%. The likelihood ratio test obtained was 
chi^2(4)=7.550 and p=0.109, meaning the estimation is 
the same for all scoring categories. Figure 2 shows the 
relationship between schooling and each of the possible 
scores for the visuoconstruction item.

DISCUSSION
In this article, the effects of age and schooling on RU-
DAS performance were determined along with RUDAS 
normative values calculation in cognitively healthy 
people 60 years of age or older, between 0 and 12 years 
of schooling, and living in different districts of the 
metropolitan region in Santiago, Chile. Results showed 
that age and schooling variables explain only 12.6% 
(R^2=0.126) of RUDAS total score variance. It was 
observed that the visuoconstruction item is the one 
most associated with the schooling variable (OR=1.147).

Validation papers carried out to this date in LA14,18,19 
revealed the usefulness of RUDAS in the region. How-
ever, to our understanding, there is no normalization 
study in LA. The methodology of our normalization 
study provides a reference standard that can compare 

Table 3. Result of the multivariate linear regression model for the RUDAS 

total score.

Coefficient SE
95%CI

p-value
LL UL

Age -0.089 0.027 -0.144 -0.034 0.002

Education 0.190 0.067 0.057 0.323 0.005

Abbreviations: SE, standard error; CI, confidence interval; LL, lower limit; UL, upper limit.

Table 4. Result of the ordered logistic regression model for the score of 

the RUDAS items.

RUDAS items OR SE
95%CI

p-value
LL UL

Body orientation 1.020 0.081 0.871 1.194 0.801

Praxis 1.054 0.071 0.923 1.205 0.432

Visuospatial construction 1.147 0.058 1.037 1.268 0.007

Judgment 1.054 0.054 0.952 1.167 0.303

Memory 1.025 0.055 0.923 1.139 0.635

Language 1.273 0.262 0.850 1.908 0.241

Abbreviations: RUDAS, Rowland Universal Dementia Assessment Scale; OR, odds ratio; 

SE, standard error; CI, confidence interval; LL, lower limit; UL, upper limit.

https://www.demneuropsy.com.br/wp-content/uploads/2023/09/DN-2023.0033-Supplementary-Material-1-e-2.docx
https://www.demneuropsy.com.br/wp-content/uploads/2023/09/DN-2023.0033-Supplementary-Material-1-e-2.docx
https://www.demneuropsy.com.br/wp-content/uploads/2023/09/DN-2023.0033-Supplementary-Material-1-e-2.docx
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the performance of those evaluated and determine 
whether it is within normal limits33.

Although the influence of education level on RU-
DAS total score has been previously analyzed, there is 
only one normalization study conducted in Western 
Europe34. Similar to what was found in this investiga-
tion, the authors reported that the schooling variable 
explained 16% of RUDAS score variance (R^2=0.160), 
while other variables such as age and sex accounted 
for 3% (R^2=0.030) and 1% (R^2=0.010), respectively. 
On the other hand, in validation studies, the influence 
of educational level continues to be investigated. No in-
fluence of schooling years was reported in the original 
paper of Storey et al.9 and in LA14,18.19. However, in the 
review by Komalasari et al.35, a positive schooling effect 
was reported in five validation papers.

Regarding the visuoconstruction item, results 
suggest that this is one of the most associated with 
educational level. An influence was observed related 
to schooling on the cube copy test (OR=1.147). In the 
Arabic validation of RUDAS13, it was found that 51% of 

the participants without formal education could not 
copy the cube, while as the years of schooling increased, 
there was a higher rate of success in the task. In our 
investigation, 27.4% (n=37) obtained 0 points in the 
task, of which 75.6% (n=28) had eight or fewer years 
of schooling, and 70.2% (n=26) lived in urban districts. 
Similarly, the study carried out in Peru36 showed that 
illiterate people residing in rural districts performed 
significantly worse on this test than their peers living 
in urban districts. Figure 3 shows some examples of the 
errors that occurred in the task. The explanation for 
this difficulty is that people with no knowledge of ge-
ometry visualize the cube as a superposition of lines in 
a two-dimensional way37. Furthermore, the copy of the 
cube task depends not only on visuoconstructive skills 
but also on other cognitive functions such as semantic 
memory, attention, and organization, among others38. 
These functions are also favored by schooling years. 

Different investigations analyze the influence of edu-
cational level on the cube copy test39,40. A recent study41 
compared the diagnostic accuracy of the clock drawing, 

Figure 2. Association of years of education with the visuoconstruction item score.
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Figure 3. Examples of errors in the visuospatial construction item.

the copy of the cube, and the one with intertwined in-
finity signs. It determined that only the first test had a 
discriminating capacity between the control group vs. 
dementia, mild cognitive impairment (MCI) vs. demen-
tia, and control group vs. cognitive impairment (MCI 
and dementia). The cube copy could only discriminate 
between controls and people with dementia. Based on 
the evidence presented in further studies, it would be 
important to investigate the diagnostic utility of this 
item in the evaluation of older people with low educa-
tional levels included in RUDAS and the relevance of 
proposing another visuoconstruction task as an alter-
native that provides greater precision to the instrument.

Unlike the previous item, the other items did not 
show an influence of education. However, it is import-
ant to highlight that the body orientation, praxis, and 
language items exhibited a pronounced ceiling effect, 
with at least 75% of the sample achieving the maximum 
score and showing minimal variability. This explains why 
the interquartile range (IQR) for these items was 0 and 
the median was the maximum score. These results can 
be attributed to the low difficulty of the items, and the 
high concentration of scores is consistent with the lack 
of variability contributed by age and education.

MMSE continues to be the most widely used cog-
nitive screening in clinical practice. However, bias as-
sociated with education level and sociocultural factors 
has been observed42. RUDAS includes the evaluation 
of frontal functions (verbal fluency, judgment, and vi-
suoconstruction), which is an advantage compared to 
MMSE because this could help to detect other demen-
tias different from Alzheimer’s disease and also early 
changes in people with MCI19,43. On the other hand, the 
answer’s modality in all MMSE items is verbal, while 
in RUDAS, there are verbal, non-verbal, and written 
responses, which allows for a more complete evaluation 
of the person’s general cognitive functioning. In the 
systematic review with meta-analysis performed by 
Nielsen & Jørgensen21, it was observed that, in low- and 
middle-income countries, RUDAS results are less affect-
ed by schooling levels than MMSE. This observation 
regarding MMSE has also been found in its comparison 
with other instruments44.  

The use of RUDAS has been recommended in pri-
mary health care (PHC)22 due to its characteristics of 

being an easy and quick administration instrument. 
The average application time in this study was 5 min-
utes and 76 seconds, which is lower than the average 
reported in other works10,45,46. In the validation made in 
Spain10, medical students were trained to conduct the 
evaluation, which required only brief instruction before 
sample collection. Similarly, in the original version, 
40 minutes were taken to train health professionals who 
would perform the evaluation based on videos. This is an 
important benefit considering its possible use in PHC.

Concerning the methodology used to obtain the 
normative values, it supposes the overcoming of two 
great difficulties compared to classic normalization 
methods. First, these methods require using one or 
more significant covariates (for example, sex, age, or 
education) to define different subgroups and, finally, 
estimate the conditional distribution of raw scores and 
their statisticians for each one. However, this implies 
that continuous variables are used as categorical vari-
ables to establish groups47. A problem arising from this 
is the cohort edge effect48, in which two subjects with 
minimal age differences but with the same score can 
be assigned to different subgroups. Regression-based 
normalization allows the inclusion of covariates without 
having to be categorized, avoiding this effect32.

Second, classical methods require large sample 
sizes to make accurate estimates. Each of the defined 
subgroups requires a homogeneous number of obser-
vations; the more subgroups are established based on 
the covariates, the larger the sample size requirement. 
Given the nature of regression analyses, values are 
estimated using the complete sample. In addition, it 
considers all the possible values that the selected covari-
ates could take, which translates into a smaller number 
of subjects needed to make estimates25.

The limitations of this work are that there is little data 
related to illiterate people, a low proportion of men and 
of people living in urban areas. Nevertheless, the sample 
was obtained in a community environment which ensures 
a certain representativeness of the general population. 
In light of the national demographic data, evaluating 
older people residing in the southern regions of Chile 
— La Araucanía, Ñuble, and/or Los Lagos — where the 
largest rural population is concentrated would constitute 
a contribution since rurality has been associated with an 
increased risk of MCI and a determinant of dementia49. 
Another contribution would be conducting evaluations 
in the regions of Valparaíso and Bío-Bío, two regions with 
the highest population density and the largest number of 
people over 64 years old, after the capital50.

This research’s findings suggest that RUDAS is an 
alternative to use in older people with 0 to 12 years of 
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schooling. Therefore, future work should focus on the 
validation of the instrument in clinical population. This is 
to ensure the psychometric measures of validity in the 
Chilean population and thus to be able to establish a com-
parison with what was obtained in other LA countries. 
It would be relevant to know its diagnostic usefulness in 
people with schooling over 12 years and to compare its 
diagnostic accuracy with other frequently used instru-
ments, such as the MMSE, for the investigation of MCI 
and dementia in PHC and other levels of public health 
care. This information would be useful to strengthen the 
evaluation processes currently carried out in the different 
programs and public policies linked to the early detection 
of MCI and dementia in the country.
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