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 Abstract 
  Background:  Studies on neurocognitive impairment among patients presenting with multi-
infarct dementia (MID) have received little attention from non-Western societies, and the Arab 
world is no exception. To our knowledge, this is the first study to characterize neurocognitive, 
affective and vegetative functioning in patients with MID in Oman.  Methods:  In this study, we 
recruited 20 Omani patients presenting with MID and age- and gender-matched controls at 
the outpatient clinic of the Department of Behavioral Medicine, Sultan Qaboos University 
Hospital, Sultan Qaboos University, Muscat, Oman. In addition to the collection of clinical and 
demographic information, various cognitive batteries were administered to the consenting 
participants, including those indexing nonverbal reasoning abilities, working memory (atten-
tion, concentration and recall) and executive functioning. Questionnaires that elicit the affec-
tive range and the quality of sleep were also administered.  Results:  Compared with the 
matched healthy subjects, the patients diagnosed with MID significantly differed in the pres-
ently operationalized indices of visuospatial function, semantic memory and affective and 
vegetative functioning. In contrast, episodic memory and some attentional capacities were 
not significantly different compared with the control subjects.  Conclusions:  The present 
study was explorative and clinically designed to describe neurocognitive functioning in pa-
tients with MID seeking consultation at a tertiary care center in Oman. Our data are necessary 
for planning and setting up community services and health care programs for demented pa-
tients in a society where dementia is a growing silent epidemic.  © 2014 S. Karger AG, Basel 
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   Introduction 

 Alzheimer’s disease (AD) and multi-infarct dementia (MID) represent the most common 
causes of cognitive impairment and the resultant social deficits in the elderly population  [1] . 
While AD is more prevalent, MID nonetheless affects up to 30% of the elderly individuals over 
65 years with cognitive impairment. Recent epidemiological studies have shown that the 
prevalence of dementia exceeds 7 million in the USA alone, with some 4.5 million of those 
individuals suffering from AD and 2.5 million from MID  [2] . However, in some non-Western 
countries, there are more reported cases of cognitive impairment that owe their origin to 
vascular pathology than to other pathologies  [3] , but there is a dissenting view  [4] . A similar 
trend is likely to exist in other countries, since increased life-span plasticity and the emer-
gence of neurodegenerative diseases are strong predictors of cognitive impairment  [5, 6] .

  MID is caused by a series of cumulative and insidious strokes that culminate in overt 
infarcts after a span of time. Silent strokes affect only small areas of the brain, but over time, 
the symptoms of MID begin to develop as more areas of the brain are affected  [7] . Larger 
strokes which affect strength, sensation and other neurological functions can also trigger 
MID. As the term suggests, multi-infarct means that several areas of the brain are affected due 
to reduced blood flow to those regions, leading to hypoxia and culminating in neurodegen-
eration and permanent cell damage and the resultant cognitive impairment  [8] .

  While the causes of dementia have traditionally been considered separately within a 
specific individual, recent studies have shown that patients with cerebrovascular abnormal-
ities show a higher proclivity for developing AD, and up to 60% of these patients also demon-
strate vascular impairments which are common to MID  [9–12] . The definition of dementia 
strictly requires the presence of significant memory impairment and delayed cognitive func-
tioning, that is, at least 1 of the following: aphasia, apraxia, agnosia and/or impairment of 
executive functioning. Owing to the inherent variability in vascular changes and cognitive 
decline in MID, patients may demonstrate different cognitive impairment profiles and varying 
levels of severity  [13–17] . Also, individuals with MID usually demonstrate less severe memory 
difficulties as compared with other cognitive limitations. Furthermore, the formal diagnosis 
of MID requires an association of demonstrable vascular changes with cognitive difficulties 
 [10–12, 18] . This may lead to an underdiagnosis of dementia and the inability to fully access 
all individuals with cognitive decline in a given population.

  There is a dearth of studies elucidating the magnitude of neurocognitive impairment in 
non-Western populations  [6] . Little empirical evidence is found on how individuals with mild 
cognitive impairment (MCI) fare with regard to indices of cognitive functioning, affective 
range and vegetative functioning in Arab/Islamic populations. Oman, which is located in the 
southern tip of the Arabian Peninsula, offers an interesting ground for exploring the applica-
bility of the Western model of cognitive functioning, emotionality and quality of sleep. Some 
of the putative contributors to MID are hypertension, hyperlipidemia and diabetes. These 
conditions are becoming increasingly prevalent with the onset of recent affluence  [19] .

  The current population pattern in Oman fits with a second phase of demographic tran-
sition characterized by reduced mortality rates but complemented by increased life expec-
tancy  [20] . Increased longevity is known to be the strongest risk factor for age-related 
dementias. Moreover, the prevalence of MID in non-Western countries such as Oman has not 
been formally established. Anecdotal reports point to an emergence of age-related cognitive 
impairment in Arab communities  [21, 22] . However, the quantification of the magnitude of 
cognitive impairment has been hampered by the fact that most of the available screening tools 
are known to require arithmetic ability or reading or writing skills, which are often absent in 
societies where illiteracy is prevalent among the elderly population  [21, 22] . A novel approach 
is needed to quantify the presence of cognitive disorder in non-Western populations.
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  The variability in anatomic and neurological changes in MID plays a significant role in the 
pathological processes that directly affect neurocognitive functioning, the affective range and 
vegetative functioning. In this report, we assessed neurocognitive functioning in subjects 
with MID. MID and control patients were subjected to assessments using several behavioral 
batteries that are known to elicit various repertoires of cognitive functioning, emotional 
integrity and quality of sleep.

  Patients and Methods 

 Patients 
 Oman’s national health care service is free for its nationals. Tertiary care is largely 

compartmentalized and centralized in Oman. The study has been approved by the Medical 
Research Ethics Committee at the College of Medicine and Health Sciences, Sultan Qaboos 
University. The present cohort (n = 20), the consecutive attendees of 1 year (2007), was 
referred to the outpatient clinic of the Department of Behavioral Medicine, Sultan Qaboos 
University Hospital. This is the only center where the quantification of the level of a disability 
is possible in Oman. These outpatients were usually in the early stages of their disease and 
referred to the outpatient clinic for routine diagnostic evaluation. The degree of impairment 
was compared with that in normal age-matched healthy subjects (n = 18). Those included 
were drug-naïve consecutive patients with a large area without tracer uptake in brain regions 
critically associated with the pathology of dementia, quantified by single-photon emission 
computed tomography, as exemplified by  figure 1 .

  The diagnosis of MID utilized the DSM-IV criteria and was based on: (1) a history of 
multiple cognitive deficits; (2) cognitive deficits which can cause significant impairment of 
social or occupational functioning; (3) the presence of focal neurological signs and symptoms 
or laboratory evidence of cerebrovascular disease, such as a history of at least 1 definite 
stroke, or at least 1 visible cerebral lesion detected in the brain using CT scanning and an 
Ischemia Scale score of 7 or more, and (4) deficits not exclusive to delirium. None of the 
patients had visual field impairments upon physical examination. Patients with major cortical 
strokes or strategic thalamic infarcts were excluded from this study. We quantified dementia 
severity using a standardized and validated Arabic version of the Mini-Mental State Exami-
nation (MMSE). A score greater than or equal to 25 was considered cognitively normal. 
Patients with MID were included in this study if they scored 24 or less.

  Assessment Measures 
 Information concerning neurocognitive, vegetative and affective functioning was 

obtained by interviewing the patients and, if possible, members of the their family, and by 
reviewing the available hospital charts. The tests used to assess the performance in each 
domain are described below.

  Nonverbal Reasoning Ability 
  Raven’s Progressive Matrices . Raven’s Progressive Matrices (RPM) measures the current 

nonverbal reasoning ability  [23] . It has been employed as a ‘culture-free’ test, since it is rela-
tively independent of language and educational skills  [24] . It consists of 60 items grouped into 
5 sets. Each item contains a pattern with 1 part removed and between 6 and 8 pictured inserts, 
1 of which contains the correct missing part. The subject is required to point to the pattern 
he/she selects as correct. The present score constitutes a raw score based on the number of 
correct patterns, with a maximum score of 60.



274Dement Geriatr Cogn Disord Extra 2014;4:271–282

 DOI: 10.1159/000363621 

E X T R A

 Al-Adawi et al.: Cognitive Profiles in Patients with Multi-Infarct Dementia: An Omani 
Study 

www.karger.com/dee
© 2014 S. Karger AG, Basel

  Working Memory 
  Digit Span Test.  The digit span test  [25]  has two components: forward and backward. In 

the digit span forward test, the examiner reads out a list of digits at the rate of 1 digit/s and 
the subject is required to repeat the sequence in the same order. The first sequence comprises 
2 digits, and if the subject succeeds with this task, sequences of increasing length are presented. 
Two sequences of each length are given, and the test is stopped when the subject fails to 
repeat both sequences of a particular length. The same procedure is followed in the digit span 
backward test, with the difference that, in this case, subjects are requested to reproduce the 
sequences of digits in reverse order. In the emerging literature, the digit span test has been 
indicated to subserve indices of working memory  [26] .

   Buschke Selective Reminding Test . In essence, the Buschke Selective Reminding Test 
(BSRT)  [27]  examines the rate of learning new information. The subject recalls as many 
words as he/she can, in any order, from a list of 12 items (of a single semantic category, e.g. 
animals) just read to him/her. After each recall trial, the examiner repeats only those items 
which the subject omitted in his/her recall. This technique has been used to provide a means 
of assessing retention and retrieval. It is an effortful task in that learning and recall can be 
enhanced by the application of encoding and/or retrieval strategies and/or by rehearsal  [28] . 
Such cognitive operation has been widely referred to as working memory  [29, 30]  or working 
with memory  [31] .

  Fig. 1.  Brain perfusion ( 99m Tc, Neurolite; dose: 655 MBq) images of 1 typical patient with MID included in 
this study. There was a large area without tracer uptake in the right parietal lobe and another smaller area 
in the right temporal lobe. There were multiple other areas with reduced tracer uptake in the left frontal and 
parietal lobes. 
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  Executive Functioning 
  Tower of London Test.  The Tower of London (ToL) test is a problem-solving task composed 

of 3 wooden rods of differing lengths attached to a block base and 3 balls (red, green and blue) 
placed on the rods in a predefined position. For each activity to be completed, these 3 balls 
must be moved from the starting configuration to the target position with the minimum 
number of moves. There is evidence that this task taps visuospatial planning and problem 
solving, which is often viewed as an integral part of executive functioning in the parlance
of neuropsychology  [28] . For the present purpose, the scoring system is based on the num-
ber of correctly solved problems with a maximum correct score of 12, as described else-
where  [32] .

   Verbal Fluency Test.  The verbal fluency test (Controlled Oral Word Association Test)  [33]  
examines the initiation and speed of verbal responses. Subjects are asked to produce as many 
different words as possible that begin with each of 3 specific letters, with 1 min/letter. They 
are explicitly told not to repeat the same word and not to say the same word with a different 
ending (e.g. fish, fishing, fisherman). Following instructions, examples and a demonstration 
so that they understand the task requirements, they are given each letter in turn. The total 
score for verbal fluency thus is the total number of different acceptable words produced 
across the three 60-second periods. In this study, the letters were  taa ,  raa  and  waaw  of the 
Arabic alphabet, as described elsewhere  [34] . The neuropsychological underpinnings of 
verbal fluency have been linked to the integrity of the dorsolateral prefrontal cortex, which, 
in turn, has been associated with executive functioning  [35, 36] .

   Wisconsin Card Sorting Test.  The modified Wisconsin Card Sorting Test (WCST)  [37]  
assesses executive function based on the principles according to which a deck of cards must 
be sorted  [28] . The cards have geometric figures which vary simultaneously in shape (triangle, 
star, cross or circle), color (green, red, blue or yellow) and number (1, 2, 3 or 4 figures). Four 
reference cards are permanently placed in front of the subject. The subject has another deck 
of cards called reference or response cards. She or he is asked to match each response card 
successively with 1 of the 4 reference cards. The experimenter selects 1 of the dimensions 
(e.g. color) as the sorting rule. The first rule in fact reflects the first card placement made by 
the subject. After each response, she or he is told only whether it was correct or not. If the 
response was incorrect, she or he is not permitted to move it but is given the next card to try 
and place it appropriately. Normal subjects use a hypothesis-testing or deductive reasoning 
approach to identify which sorting rule is in operation. When she or he has correctly placed 
6 consecutive cards, she or he is told simply that the rule has changed. The second rule in fact 
is selected according to the subjects’ next card placement, which uses a different rule. After 
this has been correctly employed 6 times in succession, the rule changes again. The third rule 
is the remaining dimension (shape, color or number). The 3 rules are then cycled through 
again in the same order. This procedure is continued until 6 categories are achieved or the 
pack of 48 cards is used up. The present score is calculated according to the scoring system 
of Nelson  [37] . Accordingly, 1 index was recorded: the number of categories achieved, as 
described elsewhere  [28] .

   Trail-Making Test.  As described elsewhere  [32] , the scoring for the Trail-Making Test was 
derived from two versions of the test. The first one requires the examinee to draw a line to 
connect, in correct order, the numbers 1 through 25, each contained in a plain black circle. In 
the second version, the examinee draws a line to connect, in alternating sequence, the numbers 
1 through 12 and the letters A through L, beginning with 1 and drawing a line to A, then 2, 
then B, and so on, until all the numbers and letters are connected. For the present context, test 
total times for both versions of the test were scored in seconds.
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  Affective Range 
  Geriatric Depression Scale.  The 15-item Geriatric Depression Scale (GDS-15)  [38]  has been 

established to identify adequate psychometric properties in geographically different popula-
tions  [39] , including Arab-speaking ones  [40] . The scale requires subjects to give their 
responses in reference to the previous week. One point is given for each positive response, and 
the number of points is summed to provide a single score. In the present context, the higher 
the score, the higher the propensity for depression which could be qualified as ‘caseness’.

  Quality of Sleep 
  Pittsburg Sleep Quality Index.  The Pittsburg Sleep Quality Index (PQSI) is a 21-point 

assessment task which comprises 7 components including subjective sleep quality, sleep 
latency, sleep duration, sleep efficiency, sleep disturbances, the use of sleep medication and 
daytime dysfunction  [32] . The purpose of this task is to evaluate sleep patterns during the 
previous month. Subjects with a high score have a poor sleep quality and suffer all the conse-
quences this may entail in terms of quality of life. The PSQI has been translated into more than 
52 different languages, including the present Arabic version  [32, 41] .

  Statistical Analysis 
 Statistical analyses were conducted using Stata version 10.1 (Stata Corporation, College 

Station, Tex., USA). Differences between groups (study and control) were analyzed using 
Pearson’s χ 2  tests (or Fisher’s exact tests for cells less than 5). The Student t test was used for 
comparisons between groups. Comparisons between multiple groups were analyzed using 
one-way analysis of variance (ANOVA). Post hoc comparisons using Tukey-Kramer tests were 
used to examine significant differences between groups.

  Results 

 Comparison of Clinical Features between Groups 
  Table 1  summarizes the principal demographic features of the MID patients and controls. 

The mean ages of the two groups were not significantly different (MID patients: 71 years; 
controls: 69 years). Sixteen of the patients with MID and 17 subjects in the control group were 
male, while 4 patients with MID and 1 subject in the control group were female. The propor-
tions of males and females in each diagnostic group were not significantly different. There 
were no significant differences between the MID group and the control group in years of 
education. The mean MMSE scores were different between the groups, with the patients with 
MID scoring lower than the control group (MID patients: 23.5; controls: 28.2; p < 0.05).

MID patients Controls

Number (M/F) 20 (16/4) 18 (17/1)
Age range (mean), years 60 – 82 (71) 59 – 79 (69)
Years of full-time education 11.3 ± 2.5 11.8 ± 2.9
MMSE score 23.5 ± 4.6 28.2 ± 1.5*

 Values are displayed as means ± SD unless specified otherwise. The 
maximum score for the MMSE is 30. Descriptions of the MID and control 
groups are included in the text. * p < 0.05 using Student’s t test on the 
group means.

 Table 1.  Demographic data and 
measures of the general level of 
cognitive decline for MID 
patients and controls
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  Comparison of Performance between Groups in the Index of Intellectual Functioning 
 One-way ANOVA showed no significant difference between the patients with MID and the 

control group in the presently operationalized index of intellectual functioning, i.e. the RPM 
(p = 0.180). Post hoc comparisons indicated that the RPM score was not significantly different 
between the MID and the control group ( table 2 ).

  Comparison of Performance between Groups in Indices of Working Memory 
 The digit span test, the BSRT and the verbal fluency test appear to tax one’s integrity of 

short-term memory; recall and fluency were operationalized here to gauge working memory. 
There were no significant group effects on the digit span test (forward and backward; p = 
0.736). Post hoc analyses showed that there was no significant difference between the MID 
patients and the controls. In the verbal fluency test, as well, there appeared to be no difference 
in performance between the MID and control groups (p = 0.440). Only the BSRT showed a 
significant difference between the two groups, with the MID patients outperforming the 
control group.

  Comparison of Performance between Groups in Indices of Executive Functioning 
 Three measures were operationalized here as executive functioning, namely, the ToL 

test, the WCST and the Trail-Making Test. There was a significant effect between groups in all 
3 psychometric measures (p < 0.001). Post hoc comparisons showed that the MID patients 
were impaired on each of these measures. Overall, the patients with MID performed more 
poorly than the age-matched controls.

  Comparison of Performance between Groups in the Index of Affective Range 
 There was a significant group effect on the GDS, a measure of affective functioning (p < 

0.001). Post hoc analyses showed that the patients with MID were significantly impaired as 
compared with the control group.

 Table 2. Performance of the MID and the control group in the various neuropsychological assessment measures

Assessment measure MID patients Controls p value Post hoc comparison

Nonverbal reasoning ability RPM 47.1 ± 8.4 50.7 ± 7.7 0.180 control = MID

Working memory digit span forward 7.5 ± 1.8 7.7 ± 1.2 0.736 control = MID
digit span backward 5.4 ± 1.6 6.2 ± 1.3 0.108 control = MID
BSRT 15.8 ± 3.2 19.5 ± 2.7 <0.001 control < MID
verbal fluency test 13.7 ± 4.7 14.7 ± 2.7 0.440 control = MID

Executive functioning ToL test 170 ± 77 94 ± 10 <0.001 control > MID
WCST 2.3 ± 1.9 3.8 ± 3.6 <0.001 control < MID
Trail-Making Test 18.9 ± 5.0 11.2 ± 4.5 <0.001 control > MID

Affective range GDS 7.80 ± 2.46 11.00 ± 1.24 <0.001 control < MID

Quality of sleep PSQI 6.40 ± 1.930 4.5 ± 2.065 0.700 control > MID

Values are displayed as means ± SD unless specified otherwise. The p values are from the one-way ANOVA comparing the 
groups.
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  Quality of Sleep 
 There was a significant difference between the MID and the control group in quality of 

sleep as indicated by the PSQI (p < 0.001). The patients with MID had significantly higher 
scores on the PSQI than the controls. Post hoc analyses showed that the patients with MID 
had a significantly poorer quality of sleep than the control group.

  Discussion 

 This study employed several measures to assess performance in neurocognitive tests, 
affective range and quality of sleep in a group of patients with MID presenting at an outpatient 
clinic in Oman as well as in a group of age- and gender-matched individuals. To our knowledge, 
this is the first preliminary study that used these indices in an Arab/Islamic population. Most 
of the discussion revolves around the fact that some of the developing countries have a ‘youth 
bulge’ and that, therefore, these societies are spared the vagaries of cognitive impairment. 
Notwithstanding such a view, a country such as Oman has a population with all the essential 
features that could trigger cognitive impairment. A recent epidemiological study has indi-
cated that hypertension, hyperlipidemia, diabetes and inflammatory diseases, which are the 
prime culprits in cognitive impairment, are common in Oman  [42] . For instance, the effective 
management of diabetes, an important risk factor for AD, appears to prevent the progression 
of neurocognitive impairment  [43] . However, the low level of awareness and care seeking in 
the instance of diabetes in Oman is most disheartening  [44] . This means that Oman is likely 
to be gripped by the emergence of factors leading to cognitive impairment. Our study therefore 
has the potential to lay the groundwork for the identification of individuals with cognitive 
impairment.

  One of the intractable issues with the rising tide of neurocognitive impairment is how to 
accurately diagnose the presence of a prodromal neuropsychological state so that potentially 
modifiable risk factors could be identified and so that preventative measures could be contem-
plated. A difficulty arises when accurately defining what constitutes cognitive impairment 
 [45] . In this study, the assessment of the severity of cognitive impairment was based on 
performance in the MMSE or Folstein test. Traditionally, impaired short-term memory among 
individuals with MCI has been thought to represent prodromal-state dementia. There is 
increasing recognition that amnestic features are not a prodromal neuropsychological state. 
In this study, amnestic features were gauged with measures sensitive to working memory, 
using the digit span test, the verbal fluency test and the BSRT. Consistent with the emerging 
literature, rather than with the literature on short-term memory, individuals with MCI do not 
perform significantly differently from healthy subjects. However, differently from individuals 
with amnestic MCI, it appears that the patients with MID in the tertiary care facility in Oman 
performed significantly more poorly than the control group on the indices of executive func-
tioning.

  Executive functioning is a generic term for various interrelated cognitive functions asso-
ciated with planning for the future, judgment, decision-making skills, attention span and inhi-
bition. In general, it has been suggested that executive functioning is crucially involved in the 
sequential organization of behavioral responses to changing environmental cues  [46] . In 
traditional neuropsychology, executive functioning – or its pathological part executive 
dysfunction – mimics what was once considered a frontal lobe syndrome. The frontal lobe has 
been associated with diverse functions. Damage to the frontal lobe can occur in several ways 
including by transient ischemic attacks and/or stroke leading to a number of different dysex-
ecutive symptoms. A dysfunction of this system could lead to impulsive disorganized behavior 
or simply a poor capacity for planning  [47, 48] . Reflecting the consensus that critical roles for 
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the frontal cortex are strategy formation and response monitoring, the terms ‘executive 
function’ and ‘dysexecutive syndrome’ have been coined, respectively, to describe the func-
tions of the intact frontal cortex and the deficits resulting when it is damaged  [49] . Regions 
which are crucially involved in executive functioning are likely to be highly vascularized and, 
therefore, vulnerable to microvascular damage, which, in turn, might present as MID. In 
support of the present study, executive dysfunction has been found to be common in indi-
viduals with MCI that is associated with MID  [50] . More studies are therefore needed to 
delineate whether MID is more often marked by executive dysfunction than by amnestic 
features. While this is pending, the present study has shown that executive dysfunctions are 
early phenomena in individuals with MID.

  Our study also employed the GDS to screen for the presence of depression as a measure 
of affective range among subjects with MID compared with healthy subjects. Numerous 
studies have shown that depression is prevalent among patients with AD and MID, and that 
dementia represents a risk factor for depression in the elderly  [51, 52] . However, depression 
is often underdiagnosed in dementia patients due to overlapping motor deficits and cognitive 
impairment  [53] . For instance, loss of interest and apathy are routinely mistaken for symptoms 
of psychomotor retardation rather than depression. Our data show that depression is more 
prevalent among individuals with MID than among age-matched controls. Overall, this study 
provides preliminary empirical evidence that mood dysfunction is detectable in subjects with 
MID. It challenges the previous view that people in non-Western populations such as those in 
Oman are unlikely to endorse afflictive emotions  [54] . This was based on the assumption that 
cultural teachings in Oman promoted an odium for distress that had a direct bearing on 
somatopsychic rather than psychological symptoms. It is worthwhile to note that the GDS is 
not equipped to elicit the presence of somatic symptoms of depression  [55] .

  Additionally, another study has shown that cognitive deficits are often associated with 
disrupted sleep patterns, which consequently amplify cognitive impairment  [56] . However, 
there is a paucity of studies examining the quality of sleep in Arab/Islamic countries. For this 
reason, we investigated the quality of sleep in MID patients versus control patients using the 
PSQI. Our study showed that the patients with MID had evident sleep disturbances and higher 
PSQI scores than the controls. It verifies the results of previous work which showed that 
disordered sleep may occur even in the earliest stages of MID  [57] . The presence of disturbed 
sleep, impaired sleep-wake cycles and other disruptions in circadian rhythms are unfor-
tunate, since the quality of sleep has been shown to be an important element underlying the 
integrity of normal cognitive functioning  [58] . These sleep disturbances are likely to occur in 
response to vascular damage which may disrupt neural circuits governing sleep control, and/
or a central imbalance in the levels of the important neurotransmitters serotonin, melatonin 
and acetylcholine, leading to the formation of sleep structural abnormalities.

  Some obvious limitations of this study ought to be highlighted. Firstly, the present cohort 
is of an ‘opportunistic’ type. In Oman, individuals with personal distress that does not 
constitute an overt physical illness often do not seek medical consultation. Many types of diffi-
culties are often handled by culture-specific healing systems or are simply perceived as fate 
 [59, 60] . As the subjects were derived from an urban population and a clinical setting rather 
than the whole community, any generalization of the results of the present study should be 
made with caution. In Oman, as in other Eastern societies, the elderly are treated with unques-
tionable high respect, and, therefore, occasional lapses of memory and disinhibition are likely 
to be tolerated and are unlikely to reach the modern health care setting. Secondly, in the 
present study, we took the liberty of demarcating different cognitive domains as different 
entities. For example, the RPM was operationalized to be sensitive for the nonverbal testing 
of intellectual ability. However, in the literature, the RPM has been suggested to be subserving 
the measurement of executive functioning  [61] . Similarly, there is likely to be an overlap 
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between what is presently operationalized as working memory and what is operationalized 
as executive functioning  [28, 62] . Thirdly, although most of the measures were nonverbal, it 
is not clear how ‘culture free’ these measures are. For this reason, a comparison was made 
with the healthy subjects in order to elucidate how the MID patients ‘deviated’ from them. 
Similarly, some measures were verbal, such as the GDS and PSQI. Although, as mentioned 
earlier, the psychometric properties of these measures have been established among Arabic-
speaking populations, some conceptual misunderstanding could hamper the applicability of 
such measures to cross-cultural populations. It is therefore imperative that a concerted effort 
be made in the future to standardize these measures.

  Conclusions 

 This study embarked on comparing the performance of subjects with MID and their 
healthy counterparts matched for specific sociodemographic backgrounds. Three interre-
lated domains were explored: reasoning ability, working memory and executive functioning. 
The presence of affective disorder and the quality of sleep were also explored. Compared with 
the healthy subjects, the individuals with MID performed differently in the indices of exec-
utive functioning. In particular, the underlying executive dysfunction appears to represent a 
core cognitive deficit. While a definitive diagnosis of MID is fraught with difficulty in the early 
stages of the disease, this study should be considered standing sentinel over the prevailing 
situation in the Arab region and laying some groundwork for further research.
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