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Demographically-adjusted normative data for the Symbol
Digit Modalities Test (SDMT) among Sri Lankan adults
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The Symbol Digit Modalities Test (SDMT) is a simple
pencil-and-paper substitution task that measures
divided attention, visual scanning and processing
speed. It is sensitive to cognitive impairment in a wide
variety of neuropsychiatric conditions. Extant
normative data for the SDMT, mainly based on Western
populations, may not be applicable for Sri Lankans.

We aimed to create sex-, age- and education-adjusted
regression-based norms for the SDMT for Sri Lankan
adults.

Four-hundred and twenty-two community-living
adults (220 women, 52.1%), aged 18 to 83 years, with
5 to 23 years of education, completed the study. We
conducted multiple linear regression analyses
with sex, age and years of education to predict the
SDMT score.

The SDMT scores of the sample ranged from 5 to 72,

Introduction

The Symbol Digit Modalities Test (SDMT) is awidely
used pencil-and-paper-based test of divided attention,
visual scanning, and processing speed (1). It isaspeeded
task that involves substitution of digits against symbols,
according to akey displayed at the top of the test sheet.
The SDMT wasintroduced in 1973 by Aaron Smith, and
revised in 1982 (2,3). The brevity and ease of adminis-
tration, unambiguity of scoring criteria, and the
availability of both ora and written forms, make it a
clinically useful and popular bedside tool in the
assessment of patientswith neuropsychiatric conditions,
and cerebral dysfunction due to other causes (1,2,4).

with a mean (SD) score of 35.98 (12.87). The regression
model [predicted SDMT score = 29.395 - (1.549 x sex)
—(0.434 x age in years) + (2.207 x years of education)]
explained 56.5% of the variance in SDMT scores
(adjusted R*= 0.565; F=183; p<0.001). Age explained
20.9% and years of education explained 18.8% of
the SDMT score variance uniquely. Sex was not a
significant predictor.

We report regression-based norms for the SDMT for
Sri Lankans aged 18-83 years, and supplement the
regression equation with a Microsoft Excel-based
calculator that produces predicted and standardized
scores for individual test participants. These norms
would assist clinicians in accurately interpreting
SDMT test results, accounting for the variability
introduced by sex, age and education.

Symbol Digit Modalities Test; SDMT;
regression-based norms; normative data; processing
speed
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Group administration of thewritten formisalso possible,
and this facilitates its use in community screening (1).
Anora formof SDMT isused in evaluating individuals
who are unableto makewritten responses dueto physical
disabilitiesorilliteracy.

The SDMT measures similar cognitive abilities as the
Digit Symbol Test that appearsin Wechder’sintelligence
tests(5). Good correl ations between SDMT and the Digit
Symbol Test performances have been demonstrated (6).
Asthe latter takes the inverse approach of substituting
digitswith symbols, the morefamiliar act of responding
by writing or speaking numbers makesthe SDMT more
acceptable to subjects (1,6).
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Despite good sensitivity to cerebral dysfunction in a
variety of clinical conditions, the SDMT cannot
accurately distinguish between specific disorders (1).
For instance, impaired SDMT performance has been seen
in organic disorders such as multiple sclerosis (MS),
traumatic brain injury, concussion in athletes,
Huntington’s disease, Parkinson’s disease, Alzheimer’s
dementiaand stroke; aswell asin psychiatric disorders
such as schizophrenia, depression, and attention deficit
hyperactive disorder (7-16). The SDMT is part of a
standardized batteries for MS, and among their
component tests, the SDMT has been shown to be the
most strongly associated with neuroimaging indices
(7,17,18). Similarly, the SDMT is part of neuro-
psychological assessment in Huntington's disease, and
is one of the few tests sensitive to cognitive deficitsin
asymptomatic carriers and to the degree of caudate
atrophy (10,19,20). Moreover, the SDMT has been
shown to be the single best indicator of impaired
information processing in traumatic brain injury (8). In
schizophrenia, where cognitive deficitsare common, the
SDMT has shown good test-retest reliability and
ecological validity as a measure of processing speed
and switching attention (14,21,22). There is some
evidence that deficits in all cognitive domains in
schizophreniamay be determined primarily by impaired
processing speed (23). Depressed individuals,
particularly from the older age groups, show poor SODMT
performance (15). In organic disorders such asMS, the
presence of comorbid depression is associated with
greater impairmentin SDMT (24).

More importantly, the SDMT has demonstrated
sensitivity to deterioration or improvement of cognitive
functions, and thus proves useful in monitoring pro-
gression of disease and evaluating efficacy of
interventions (25,26). SDMT has also shown validity in
predicting transition from healthy cognitiveaging tomild
cognitiveimpairment (MCl), and fromMCI toAlzheimer’s
dementia, and therefore, isalso avaluabletool for early
detection of cognitiveimpairment inthe elderly (27,28).

The SDMT can be administered from ages8to 91 years.
Among adults, the test scores decline with advancing
age (29). Better educationa attainment has also been
associated with higher SDMT scores (1,12,30-32). Sex
differences have not been evident in many studies but a
few have reported females outperforming males
(4,29,33,34). Therefore, development of normative data
for SDMT should account for the effects of age,
education and sex.

Extant normative data for SDMT scores are virtually
limited to Western populations, and therefore, may not
be applicableinthelocal setting (4,12,31,32): Eventhough
the written form of the test is relatively free of cultural
bias, thereis evidence that cultural differencesexist for
non-verbal tests such as SDMT (4,35). This study is
part of a larger project that aims to create demo-
graphically-adjusted norms for a number of different

neuropsychological testsfor Sri Lankan adults (36,37).
In this paper, we present sex-, age- and education-
adjusted normative datafor the SDMT for Sri Lankans,
to enable applicability of the test in adults from awide
range of age and educational backgrounds.

Methods

Study setting and participants

This study was conducted at the Faculty of Medicine,
University of Peradeniya, with the approval of the
institutional Ethics Review Committee. Participant
recruitment took place from February 2017 to August
2019, through word-of-mouth, flyers and posters
displayed within the university and its affiliated tertiary-
care hospital — Teaching Hospital Peradeniya. Thesample
population included employees of the university and
the hospital, their acquaintances, and the visitors and
caregiversof patientsin the hospital . Although datawere
collected at a single centre, the sample had a wider
geographical representation, as the university and
hospital employees and the patients referred to the
hospital werefrom variouspartsof Sri Lanka.

We ensured that an adequate number of participants
was included under different age and education
categories. Previous normative studies for the SDMT
have employed sample sizes ranging from 150 to 3500,
and the present sample (n=422) was deemed sufficient
to create regression-based norms using three demo-
graphic variables (4). The sample had an approximately
equal representation of community-living males and
femalesaged 18 yearsor more. Individualswith ahistory
of serious neurological or psychiatric illnesses, acohol
or other substance dependence, uncorrected visual or
hearing impairment, or severe medical illnesses were
excluded. Those who were unableto carry out activities
of daily living independently were also excluded.
However, individualswith other medical conditionsthat
are unlikely to affect their general functioning (e.g.
diabetes mellitus) were not excluded: We envisaged such
exclusion would cause the sample to be overly healthy
thuslimiting the generalizability of our norms(1).

The total years of formal education was calculated by
summing the years of schooling, graduate and
postgraduate education, and post-schooling diplomas.
Part-time courseswere converted to full-time equiva ents.
Theyearsof education of the samplevaried from5to 23.
The sampling did not involve strict stratification based
on education or age (which is not essential for
regression-based norms), however, we ensured that
different educational strata (< 11 years-Ordinary Level
or less;, 12-13 years-between Ordinary Level and
Advanced Level; 14-17 years-post-schooling diploma,
graduate education; > 18 years-postgraduate education)
included participants of different age groups.
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SDMT procedure and outcome measures

We administered the written form of the SDMT in this
study. Instructionswere provided verbally. Thetest form
contains a coding key at the top of the page where nine
stimulus symbolsare paired withthenumbers1t0 9. The
task sequence comprises rows of symbols, each having
ablank space undernesth, which the subject isinstructed
to fill consecutively with corresponding numbers as
quickly and accurately as possible within 90 seconds. A
10-item practicetrial is provided in the beginning of the
first row. The score obtained from the SDMT is the
number of correct responses provided within the time
limit, with the maximum scorebeing 110 (3).

Statistical analysis

Preliminary univariate analyses consi sted of comparison
of mean test scores between males and females (using
independent-samplest test), and correlations of the test
score with age and years of education. A multiple linear
regression (MLR) analysis was performed with sex
(coded O for females and 1 for males), age in years and
years of education as predictors, and the SDMT score
as the outcome variable. Data did not violate the
assumptionsof MLR. Addition of neither quadratic terms
nor interaction termsas predi ctors meaningfully improved
the MLR models. We aso calculated the semi-partia
correlations and shared variances of the SDMT score
with sex, age and years of education. The level of
significancewas set at acut-off p value of 0.05. The data

Characteristic

Sex
Male
Female

Age (years)
18-29
30-39
40-49
50-59
60-69
70-83

Years of education
<11
12-13
14-17
>18

were analyzed using IBM SPSS (version 20.0) for
Windows.

Results
Sample characteristics

The normative sample consisted of 422 participants aged
18.5t082.6 years(mean=47.3, SD = 14.1). Themean (SD)
years of education was 13.7 (2.8). The distribution of
age, sex and years of education in the sample is
summarizedin Table 1. Themean age of men (47.28, SD
=13.9 years) and women (47.34, SD=14.4 years) was
similar, t (420)= -0.042, p=0.967. Also, there was no
statitically significant difference betweenthemean years
of education between men (13.7, SD=2.6 years) and
women (13.8, SD=3.0years), t (420)= 0.033, p=0.738. A
negative correlation was observed between the age and
yearsof education (r=-0.296, p < 0.001), suggesting that
the younger generations had received longer education.

SDMT scores and univariate correlations

The SDMT scores of the sample ranged from 5 to 72
(mean=35.98, SD=12.87). The SDMT scores showed a
negative correlation with age (r=-0.613, p < 0.001),
and a positive correlation with the years of
education (r=0.597, p<0.001) (Figure laand 1b). The
mean scores between women (36.8, SD = 14.31) and men
(35.0, SD=11.07) werenct significantly different, t (420)
=-1.37,p=0.172.

Number %
202 47.9
220 52.1

62 14.7
75 17.8
91 21.6
101 23.9
68 16.1
25 5.9
119 28.2
101 23.9
149 35.3
53 12.6
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Predictor variable

B (SE)
Age in years -0.434 (0.031)
Years of education 2.027 (0.150)
Sex (male=1, female=0) -1.549 (0.827)

Semi-partial correlations

p value

r r?
<0.0001 -0.457 0.209
<0.0001 0.434 0.188
0.062 -0.060 0.004

Note: Adjusted R? for the overall model is 0.565 (df=3, 418; F=183; p<0.001).
Predicted SDMT score=29.395 - (1.549 x sex) - (0.434 x age) + (2.207 x years of education)
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Figure 1. Relationship of SDMT score with age (a) and years of education (b)

Regression-based norms

The MLR model that predicted SDMT score based on
age, sex and years of educationisshowninTable2. This
model showed a good fit, where the three predictor
variables explained 56.5% of the variance in SDMT
scores. Age and years of education remained significant
predictorsof SDMT scoreinthefinal model. Semi-partial
correlationsindicated that age explains 20.9% and years
of education explains 18.8% of the SDM T scorevariance.
Sex was not a significant predictor and accounted for
only 0.4% of the SDMT score variance. However, we
retained sex in thefinal model to adjust the effect of age
and education.

We also present a Microsoft Excel-based calculator,
where, upon entering the age (inyears), sex (O for females
and 1 for males), years of education and the observed
raw SDMT score of an individual into the designated
cells, the following indicators will be produced: (1)
Demographically predicted SDMT score, and (2) The
standardized score (i.e. number of standard deviations

to the observed score from the predicted score =
(observed score — predicted score)/standardized
residual). The standardized score enables the clinician
tointerpret the degree of impairment of agivenindividual.
To provide an example, the predicted SDMT score of a
60-year-old femal ewith 14 years of educationis 34.3: if
her observed scoreis 16, her standardized scoreis-2.16:
aresult that would be interpreted asimpaired.

Discussion

SDMT norms have been published for English-, Dutch-
and Spanish-speaking populations (4,31,34,38). In the
current study, we present demographically-adjusted,
regression-based norms based on a community-living
sampleof Sri Lankan adultsaged 1810 82 years, who had
education between 5 and 23 years, enabling the utility of
the SDMT in Sri Lanka. It hasbeen repeatedly observed
that regression-based norms — compared to traditional
demographically-stratified 1ookup tables — provide
greater statistical power and clinical precisionfor agiven
samplesize(31,37,39).
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Theoverall mean SDMT score of the present sample (i.e.
about 36) is lower than the scores observed in healthy
samples from Australia (mean = 49, age range: 15-100
years), and the United States (mean scores ranged from
50 to 57 among different age groups from 20-73 years)
(34,40). In contrast, mean SDMT scores comparable to
present Sri Lankan norms have been reported among
Latin American Spanish-speaking populations (e.g.
approximately 38inMexico, 35in Chile; 33in Cuba, 28in
Bolivia and 23 in Paraguay) (38). To illustrate a more
accurate, demographically-adjusted comparison using
an example, the predicted SDMT score of a60-year-old
femalewith 14 years of education based on our regression
equation (i.e. 34.3), issimilar to the predicted scores, if we
apply the same demographic datato the regression equa-
tions created for the populations from Latin American
countries(Mexico = 38.8, Bolivia= 32.8, and Paraguay =
29.8). In contrast, applying the same demographicsinto
the regression model created for Australianswould give
apredicted SDMT score of 45, thusfalsely pushing the
observed performance of the Sri Lankan subject to the
subnormal range. These differences highlight the need
for country-specific SDMT norms to prevent
misclassification of test subjectsin clinical settings.

The norms derived from this study can be applied to
individuals aged 18 to 82 years. The gradual declinein
SDMT performance with advancing age, reported in
previous studies was replicated in the present results
(12,29,31,32). This may reflect age-related impairment
particularly in symbol encoding and visual search (29).
Better SDMT performancewith longer educationisalso
consistent with previous studies (12,30-32). Since the
present sample included individuals with a wide range
of education (5 to 23 years), these norms can be applied
to apopulation from abroad educational background. In
the SDMT manual, education-specific norms are
provided, where adichotomous classification (<12 years
versus >12 years of education) of educational level is
used. We believe, in contrast to the above dichotomized
presentation of norms, our regression-based approach
—where years of education is modeled as a continuous
variable—makesthe normsmore sensitive to education.
For instance, the regression-based approach shows that
each 1-year increase in education increases the SDMT
score by 2 points— nearly 6% of the mean SDMT score
of the sample. It should be noted that the average years
of education in the present sample (13.7 years) ishigher
than the national average for adults (10.9 years) in Sri
Lanka (41). This difference is primarily because we
sampled the participants to represent different levels of
education (see Table 1). Although this would push the
mean SDMT score of the sample higher than the actual
population value, the generalizability of the present norms
isminimally affected by this since the regression-based
approach adjusts for any educational differences.

Wedid not observeasignificant sex differencein SDMT
performance, once adjusted for age and education. This

isconsistent with previousliterature, yet there are some
exceptions(4,29,33,34). Inspiteof itsminimal contribution
to the variation in SDMT scores, we retained sex in the
final predictive model, adhering to prior recom-
mendationsto use sex-specific normsfor cognitivetests
(1,34); and the structure of the Sri Lankan normsthat we
have published previoudly (36,37).

Limitations

Although many studies have used education as a
predictor of SDMT scoreslikewedid, some others have
claimed 1Q is a better predictor than education
(18,19,21,23,25). It should be noted however, that there
are currently no adult 1Q tests translated and validated
for any of the native languages in Sri Lanka thus
precluding any use of 1Q as a predictor of specific
cognitive test scores. It should be also noted that our
norms would be valid only for adults younger than 82
years of age. Whether the same linear decline of SDMT
score in our sample stands for those above 82 yearsis
questionable, and therefore, we caution against applying
these norms for older individuals. In the same vein, the
sampledid not include participantswith lessthan 5 years
of education whose writing speed rather than cognitive
processing could limit the speed of performancein many
paper-and-pencil tests. Therefore, theinterpretability of
SDMT scores of individuals with less than 5 years of
education is also contentious.

Conclusions

Currently, local normsare available only for ahandful of
neuropsychological testsvalidated for Sri Lanka(36). In
this context, the availability of normative data for the
SDMT, asimple, yet powerful test of processing speed,
allows clinicians to detect and monitor cognitive
impairment in patientswith avariety of neuropsychiatric
conditions. Finally, theavailability of aMicrosoft Excel-
based digital tool, which calculates the standardized
score upon entering the raw score and demographic data,
will enable clinicians to easily interpret SDMT scores
without the hassle of searching through extensivelookup
tables or doing complex hand calculations.
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