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 Abstract 
  Background/Aims:  The aim of this study was to assess whether combining the Rowland Uni-
versal Dementia Assessment Scale (RUDAS) and Informant Questionnaire on Cognitive De-
cline in the Elderly (IQCODE) could improve diagnostic accuracy when screening for dementia 
in an Arabic-speaking population with low levels of literacy.  Methods:  Based on data from 
225 elderly participant and informant dyads, the screening performances of the two instru-
ments were compared and three methods for combining them – ‘or’, ‘and’ and ‘weighted sum’ 
rules – were assessed.  Results:  The ‘weighted sum’ method had a significantly better area 
under the curve value compared to the RUDAS used alone. The ‘weighted sum’ method and 
the ‘and’ rule had the highest specificity, while the ‘or’ rule had the best sensitivity.  Conclu-
sion:  Harnessing the RUDAS and IQCODE increased diagnostic accuracy when screening for 
dementia in this study population.  © 2015 The Author(s)

Published by S. Karger AG, Basel 

 Introduction 

 In North Africa and the Middle East (WHO Eastern Mediterranean Region or EMRO), the 
population is rapidly aging at an unprecedented rate  [1] . The number of people with dementia 
is expected to increase from 1.2 million people in 2010 to 2.6 million in 2030 and to 6.2 
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million in 2050, the second fastest rate of increase in the world  [2] . Clearly, timely diagnosis 
and interventions for people with dementia as well as psychosocial support for their family 
caregivers are becoming increasingly important in the region.

  Accurate diagnoses are required prior to any intervention, and cognitive assessment is 
the cornerstone of the diagnostic process for dementia. However, the high rate of illiteracy 
among elderly people in the EMRO renders cognitive assessment very challenging, since 
commonly used cognitive screening tests, such as the Mini-Mental State Examination (MMSE) 
 [3] , require reading, writing and arithmetic skills. We have previously validated the Rowland 
Universal Dementia Assessment Scale (RUDAS)  [4] , a brief cognitive screening instrument 
that was specifically designed to minimize the effect of culture, language and education, and 
also the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE) and have 
shown that both possessed good screening performance for dementia in an Arabic-speaking 
older population with little education  [5, 6] . In particular the psychometric properties of the 
IQCODE were found to be excellent. Although the RUDAS was designed to minimize the effect 
of education, we found test performances to be influenced by education in this population, in 
particular among those with no formal education. However, this did not affect the diagnostic 
accuracy of the Arabic RUDAS (A-RUDAS) when adopting the recommended cutoff value  [5] . 
In contrast, we found no influence of education on the IQCODE  [6] , a result consistent with 
previous studies of the RUDAS and IQCODE in older populations from low- and middle-
income (LMIC) countries with little education  [7–12] . 

  The great challenge of cognitive testing of illiterate elderly people underlines the impor-
tance of supporting the findings from cognitive testing with information from a knowl-
edgeable informant to reduce educational test bias  [13] . Supplementing brief cognitive 
screening instruments such as the MMSE with informant reports based on structured ques-
tionnaires such as the IQCODE has been found to improve diagnostic accuracy when screening 
for dementia  [14–16] , in particular in populations with a high proportion of elderly with little 
or no formal education  [15] . Three different methods of combining the MMSE with the IQCODE 
have been suggested, namely the ‘and’ rule, the ‘or’ rule and the ‘weighted sum’ method  [16] . 
The RUDAS and MMSE are conceptually similar instruments that are highly correlated in 
clinical settings, with correlation coefficients in the range of 0.73–0.85  [8, 11, 17–21] . This 
suggests that the same approach might be used to combine the A-RUDAS and the IQCODE. 

  The aim of this study was to assess whether combining the A-RUDAS and IQCODE could 
improve diagnostic accuracy when screening for dementia in an Arabic-speaking population 
with a high rate of illiteracy. Data for the study were derived from a validation study for three 
cognitive assessments in Arabic using the same study population: (1) the 10/66 Dementia 
Research Group (DRG) one-phase diagnostic assessment  [22] , (2) the A-RUDAS and (3) the 
IQCODE.

  Subjects and Methods 

 Data collection was completed from March 2012 to February 2013. Phung et al.  [22]  provide specific 
details on the study. For the purposes of the present study, only data from elderly participants and informant 
dyads with both A-RUDAS and IQCODE data available were analyzed. 

  Participants  
 Elderly participants enrolled in the study were from the communities, social organizations for the 

elderly, community-based primary care clinics as well as hospital-based geriatric and neurological clinics. 
Inclusion criteria were (1) age of 65 years and older, (2) having normal cognition (controls) or mild-to-
moderate dementia (cases) and (3) having a knowledgeable informant who could give an independent 
assessment of the elderly participant’s health and cognitive status. Exclusion criteria were (1) severe somatic 
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or psychiatric illness, when the diagnosis of dementia could not be ascertained without extensive medical 
workup and neuropsychological testing, and (2) mild cognitive impairment (MCI) diagnosed according to 
the core clinical criteria for MCI by the National Institute on Aging-Alzheimer’s Association (NIA-AA) work-
groups  [23] .

  Informants were identified as the persons who were most involved in the care of the elderly participants 
or most knowledgeable about the mental and health status of the participants through regular contacts over 
a time frame of at least 1 year. The informants could therefore be lay persons (relatives, friends or social 
workers) or health professionals (nurses or physiotherapists). They were mainly family caregivers for the 
elderly participants living in the community, and mainly the nurses in charge of the older participants 
residing in nursing homes.

  A total of 244 elderly participant and informant dyads were recruited, but only 225 were eligible for 
inclusion in the present study; 11 were excluded due to missing data on the A-RUDAS, 7 due to missing items 
on the IQCODE, and 1 due to missing data on both. Of the 225 included participant and informant dyads, 90 
comprised dementia patients, 48 mild dementia patients [Clinical Dementia Rating (CDR) = 1] and 42 
moderate dementia patients (CDR = 2).

  The study was approved by the Institutional Review Board of the American University of Beirut. All 
participants gave written informed consent. In case a participant had impaired decision-making, the primary 
caregiver gave consent on his/her behalf. 

  Dementia Screening Instruments 
 The RUDAS  [4]  is a brief screening instrument that was developed as an alternative to the MMSE to 

screen for cognitive impairment in multicultural populations. The RUDAS contains 6 items, namely body 
orientation, praxis, drawing, judgment, memory and language. Like the MMSE, the RUDAS has a score interval 
of 0–30 points, is easy to administer and takes about 10 min to complete. It has been validated in several 
clinical and cultural contexts  [4, 7, 10–12, 17, 18, 20, 21]  including Arabic  [5] , generally showing good psycho-
metric properties that are comparable or slightly superior to the commonly used MMSE. 

  The IQCODE is a brief screening assessment for cognitive impairment based on an interview with an 
informant, usually a family caregiver  [24] . The short form of the IQCODE contains 16 questions and rates 
changes in cognitive functioning of an older adult over a specified time frame. Each question of the IQCODE 
is rated on a 5-point scale from 1 (much improved) to 5 (much worse) with 3 representing no change. The 
sum of scores is averaged over the 16 items to give a score of 1–5. Higher scores indicate greater impairment. 
For the short form of the IQCODE to be valid, a maximum of 2 missing items are allowed  [24] . The IQCODE 
has been validated in different languages and cultures as well as in populations with low education, showing 
psychometric properties comparable to those of the MMSE  [9] . 

  All assessments were performed by health care professionals (3 neurological fellows, 1 geriatric fellow 
and 1 family medicine resident) and 1 non-medical university graduate (Master of Public Health), all of whom 
were trained and supervised in administering the RUDAS and IQCODE. The interviewers, who were blinded 
to the cognitive status of the participants, administered the RUDAS to the elderly participants and the IQCODE 
to the informants. 

  Diagnoses 
 Dementia and MCI diagnoses among the elderly participants were established by a consensus between 

clinicians according to the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV)  [25]  and NIA-AA 
 [23]  criteria based on all available clinical information, excluding results from the RUDAS and IQCODE. In 
case the available clinical information was insufficient to establish a diagnosis, additional cognitive assess-
ments of the participants and interviews with caregivers were carried out. Dementia severity was rated using 
the CDR  [26] . The mental status of the elderly participants was assessed with the Geriatric Mental State 
(GMS)  [27] , and depression was diagnosed using GMS/AGECAT stage 1 output, which has a sensitivity of 90% 
for diagnosing depression among elderly people with little education in LMIC  [28] . 

  Statistical Analyses 
 Group comparisons were made using a number of parametric and nonparametric statistical tests. 

Differences between categorical variables were tested with the Pearson χ 2  test or Fisher’s exact test, when 
appropriate. Differences between continuous variables were tested with analyses of variance, or the Mann-
Whitney test when the assumptions of parametric testing were not fulfilled. Spearman’s ρ was used to assess 
associations between continuous variables. 
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  Logistic regression analyses were used to determine whether the two instruments considered together 
provided any additional information for predicting dementia over any of the tests used alone. In two models 
predicting DSM-IV dementia caseness, either the RUDAS or the IQCODE score was used as the basis for the 
equation to confirm that each instrument yielded nonredundant information in the prediction of dementia. 
Quadratic and multiplicative terms were added to the models to assess the possibility of nonlinear relation-
ships between dementia caseness and test scores as well as possible interactions between the instruments. 

  Combinations of the RUDAS and IQCODE were evaluated using the ‘or’ rule (either the RUDAS or the 
IQCODE in the impaired range), the ‘and’ rule (both the RUDAS and the IQCODE in the impaired range) or the 
‘weighted sum’ method (probability of a dementia case >0.5 from the logistic regression equation). These 
definitions were consistent with previous methods used to combine the MMSE and the IQCODE  [14–16] . Test 
performance was evaluated using receiver operating characteristic (ROC) curve analyses. The areas under 
the ROC curve (AUC) were used to compare the overall discriminatory power of the RUDAS, the IQCODE and 
the combined measures in differentiating between people with dementia and cognitively intact controls. 

  In previous validation studies in the same population, we established the optimal cutoff values to be 
<23/30 for the RUDAS  [5]  and >3.34/5 for the IQCODE  [6] . These cutoff values were used for the ‘and’ and 
‘or’ analyses. Sensitivity, specificity, AUC, positive predictive values (PPV), negative predictive values (NPV), 
positive likelihood ratios (LR+) and negative likelihood ratios (LR–) were evaluated for the individual 
screening instruments and the combined measures. 

  Clinical calculators from the VassarStats website were used to calculate the sensitivity, specificity, PPV, 
NPV, LR+ and LR– with 95% CI (www.vassarstats.net/clin1.html) and to test for significant differences 
between AUC (vasserstats.net/roc_comp.html). All other analyses were performed with SPSS statistical 
software (version 19.0; SPSS Inc., Chicago, Ill., USA). p < 0.05 (two-tailed) was considered significant.

  Results 

 The demographic and clinical characteristics of the study population are presented in 
 table 1 . Compared to healthy controls, patients with dementia were older [F(1, 223) = 21.35, 
p < 0.001] and less educated [χ 2 (5, n = 225) = 13.65, p = 0.018]. No differences were found in 
the distribution of genders (Fisher’s exact test, p = 0.395) or the presence of depression 
(Fisher’s exact test, p = 0.786). As expected, patients with dementia had significantly lower 
scores on the RUDAS (U = 939, p < 0.001) and significantly higher scores on the IQCODE (U = 
11,755, p < 0.001). RUDAS and IQCODE scores where substantially correlated (Spearman’s 
ρ = –0.66, p < 0.001).

 Table 1.  Demographic and clinical characteristics

Characteristic Dementia patients (n = 90) Controls (n = 135)

Mean age ± SD, years*** 81.9 ± 7.5 77.0 ± 7.5
Female gender 61 (67.8) 83 (61.5)
Education*

No formal education 55 (61.1) 61 (45.2)
Primary education 16 (17.8) 23 (17.0)
Intermediate education 11 (12.2) 19 (14.1)
Secondary education 7 (7.8) 18 (13.3)
University and above 1 (1.1) 14 (10.4)

Depression 44 (48.9) 69 (51.1)
Median RUDAS score (Q1–Q3)*** 1 7 (12 – 21.5) 26 (24 – 27)
Median IQCODE score (Q1–Q3)*** 4.16 (3.66 – 4.69) 3 (3 – 3.13)

 Values are presented as n (%) unless specified otherwise. Q1–Q3 = 1st quartile to 3rd quartile. * p < 0.05; 
*** p < 0.001.
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  Weighted Combination of the RUDAS and the IQCODE 
 The results of the logistic regression analyses performed to obtain the ‘weighted sum’ 

equation are summarized in  table 2 . The larger the value for the change in log likelihood, the 
greater the importance of a test, or combination, is to the accuracy of predictions. Adding the 
RUDAS or IQCODE to models containing the other test resulted in highly statistically signif-
icant improvements in prediction of caseness in both models. Inclusion of quadratic terms 
and the interaction between the RUDAS and IQCODE were not included in the final regression 
equation, as they did not have any significant effect on the change in log likelihood. Thus, it 
can be concluded that each test provides unique information on the prediction of dementia 
and that the relationship between the logit of caseness and test scores is essentially linear. 
The equation derived from the logistic regression for predicting the likelihood of meeting 
caseness criteria for dementia for a given RUDAS and IQCODE score combination is shown 
below:

  logit (case) = –13.599 – 0.398 × RUDAS + 6.568 × IQCODE
  or 

13 599 0 398 RUDAS 6 568 IQCODE

1Pr case ,
1 e . . .  

   where ‘logit (case)’ is the algorithm of the odds of caseness, which is the natural log (proba-
bility of caseness/probability of non-caseness). ‘Pr (case)’ is the probability of caseness. 
RUDAS and IQCODE are the test score values.  

 Screening Performance of the Combined Measures 
 The ROC for the RUDAS, IQCODE, ‘or’ rule, ‘and’ rule and ‘weighted sum’ method are 

presented in  figure 1 .  Table 3  summarizes the psychometric properties of the RUDAS, the 
IQCODE and the different methods for combining the instruments. Used alone, the IQCODE 
outperformed the RUDAS in all comparisons. The ‘weighted sum’ method and the ‘and’ rule 
had the best specificity, PPV and LR+, while the ‘or’ rule had the best sensitivity, NPV and LR–. 

Change in log likelihood p

Model 1
RUDAS 148.1 <0.001
RUDAS2 0.001 0.970
IQCODE 79.5 <0.001
RUDAS × IQCODE 1.4 0.080

Model 2
IQCODE 208.3 <0.001
IQCODE2 0.02 0.875
RUDAS 19.1 <0.001
RUDAS × IQCODE 0.8 0.223

Table 2. Logistic regression 
analysis for dementia diagnosis 
(n = 225)

 Table 3. Diagnostic accuracy of the RUDAS, IQCODE and combined measures (n = 225)

Measure AUC Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) LR+ (95% CI) LR– (95% CI)

RUDAS 0.923 0.82 (0.72 – 0.89) 0.84 (0.77 – 0.90) 0.78 (0.68 – 0.93) 0.88 (0.80 – 0.93) 5.29 (3.53 – 7.92) 0.21 (0.13 – 0.33)
IQCODE 0.967 0.92 (0.84 – 0.96) 0.96 (0.90 – 0.98) 0.93 (0.85 – 0.97) 0.95 (0.89 – 0.98) 20.75 (9.47 – 45.47) 0.08 (0.04 – 0.17)
‘Or’ rule 0.900 0.96 (0.88 – 0.99) 0.84 (0.77 – 0.90) 0.80 (0.71 – 0.87) 0.97 (0.91 – 0.99) 6.14 (4.14 – 9.12) 0.05 (0.02 – 0.14)
‘And’ rule 0.863 0.76 (0.65 – 0.84) 0.97 (0.92 – 0.99) 0.94 (0.86 – 0.98) 0.86 (0.79 – 0.91) 25.5 (9.64 – 67.43) 0.25 (0.18 – 0.36)
‘Weighted sum’ method 0.974 0.86 (0.76 – 0.92) 0.97 (0.92 – 0.99) 0.95 (0.87 – 0.98) 0.91 (0.85 – 0.95) 28.88 (10.96 – 76.10) 0.15 (0.09 – 0.25)
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The ‘weighted sum’ method resulted in the highest AUC value, and was the only AUC value 
that was significantly different from the AUC value for RUDAS used alone (z = –2.47, p = 
0.014). There was no significant difference between the AUC for the RUDAS and IQCODE 
(z = –1.352, p = 0.176).

  Discussion 

 This is the first study to combine cognitive testing with the RUDAS with informant reports 
from the IQCODE. In our study population of Arabic-speaking elderly participants, half of 
whom were illiterate, combining the RUDAS and IQCODE generally performed very well in 
screening for dementia. When a high specificity is desired, the ‘weighted sum’ method seems 
preferable, while the ‘or’ rule seems preferable when a high sensitivity is desired. 

  Strengths of this study include that data collection was strictly standardized according to 
the procedures of the 10/66 DRG protocol through rigorous translation processes, training 
and supervision of assessors, and case ascertainment. Case ascertainment was performed by 
clinicians from teaching hospitals in Lebanon using well-validated clinical criteria. However, 
the quality of dementia diagnoses is a well-known methodological issue in population-based 
dementia research in LMIC  [29] . A limitation of the data set is that some MCI or very mild 
dementia cases could be present among our controls because in-depth neuropsychological 
testing and ancillary investigations were not available. At the same time, however, this may 
also have led to some very mild dementia cases being excluded from the patient sample. That, 
together with the inclusion of participants from the long-term care setting, where the preva-
lence of dementia was higher and informants were mostly health care professionals, and the 
use of highly trained physicians as interviewers, could lead to an overestimation of the 
screening ability of the RUDAS and IQCODE. 

  Remarkably, combining the RUDAS and IQCODE with the ‘weighted sum’ method resulted 
in psychometric properties that were comparable to the 10/66 DRG diagnostic assessment 
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  Fig. 1.  ROC curves for the RUDAS, 
IQCODE and combined measures 
for detecting dementia (n = 225). 
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in the same study population, both having AUC of 0.97  [22] . The 10/66 DRG diagnostic 
assessment also combines cognitive testing with a structured informant interview, but it is 
much more time-consuming. The time to complete the RUDAS and IQCODE when serially 
presented was just 20–30 min in comparison to 45–60 min for the 10/66 DRG diagnostic 
assessment  [22] . This indicates that combining the RUDAS and IQCODE with the ‘weighted 
sum’ method has the potential for being a time-effective method of screening for cognitive 
impairment in epidemiological studies in LMIC. However, since the research workers in the 
study were physicians and a university graduate who underwent rigorous training and were 
closely supervised throughout their fieldwork, the same excellent results may not be found 
in less optimal conditions or in a clinical setting. Importantly, the 10/66 DRG diagnostic 
assessment can effectively be performed by trained lay graduate assessors without any 
clinical expertise  [30] , which may not be true for the RUDAS.

  Consistent with results from previous studies combining the MMSE and IQCODE  [14–16] , 
combining the RUDAS and IQCODE with the ‘weighted sum’ method resulted in the best AUC 
value, specificity, PPV and LR+, while the ‘or’ rule had the best sensitivity, NPV and LR–. The 
IQCODE outperformed the RUDAS in all comparisons. Also, the ‘weighted sum’ method, while 
significantly better than the RUDAS when used alone, was not superior to the IQCODE. Similar 
results have been described in a study on combining the MMSE and IQCODE in Singapore  [15] , 
which contrasts the findings from Western study populations, where cognitive testing with 
instruments such as the MMSE and RUDAS is typically superior to informant report from the 
IQCODE in detecting dementia  [17] . Narasimhalu et al.  [15]  suggested that this difference may 
be explained by the extended family structure within which most elderly individuals live in 
Singapore, which may have led to informant reports being more accurate than in Western 
populations, where the elderly often live independently. The same line of argumentation may 
be used to explain our findings, as most elderly subjects in Lebanon also live within extended 
family structures. However, it must be noted that in our validation study of the IQCODE, we 
found that health care professionals were better than family carers in detecting and reporting 
symptoms of cognitive decline, and they were less likely to misinterpret depression symptoms 
in the older persons as cognitive symptoms. Since about 40% of the informants were health 
care professionals, the excellent results from this validation study might not be reproduced 
in a real screening scenario, where informants are mostly lay persons  [6] . Previous studies 
have shown that the IQCODE is affected by informant characteristics such as depression and 
anxiety in the informant, the level of a carer’s burden and the quality of the relationship 
between the informant and the older persons they care for  [24, 31] . Therefore, it is recom-
mended that the IQCODE is combined with a cognitive test, such as the RUDAS, to improve 
screening accuracy. 

  In conclusion, our results suggest that, in an Arabic-speaking population with a high 
rate of illiteracy, it is valuable to combine the RUDAS and the IQCODE with the ‘weighted 
sum’ method, or to supplement the RUDAS with the IQCODE to increase diagnostic accuracy. 
Both instruments are freely available, and combining them seems to be a time- and cost-
effective way of improving the accuracy of screening for dementia in LMIC with a high 
proportion of elderly with little or no education. The regression analyses used for the 
‘weighted sum’ method resulted in a linear expression, where only the RUDAS and the 
IQCODE were significant predictors of dementia. Thus, it is possible to construct a graphical 
template similar to the DemeGraph  [16]  to facilitate the ‘weighted sum’ method in clinical 
practice ( fig. 2 ). This template, as well as a numerical method of inserting the RUDAS and 
IQCODE scores to obtain the ‘weighted sum’ probability of dementia, is available on request 
from the main author.
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  Fig. 2.  DemeGraph for combining 
cognitive testing with the RUDAS 
with informant report from the 
IQCODE. Scores from the RUDAS 
and IQCODE can be plotted on the 
DemeGraph template as an aid to 
assessing patients for dementia. 
Patients whose score profile is 
above the diagonal line (the un-
shaded portion of the graph) are 
likely to meet the criteria for de-
mentia. Patients who fall below 
the line (the shaded part of the 
graph) are unlikely to meet the 
criteria for dementia. 
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