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Abstract

Background: White matter hyperintensities (WMHs) is the most frequent type of cerebral small vessel diseases and
a common incidental finding in MRI films of the geriatric population. The objectives of this work were to study the
existence of occult cognitive and balance impairments in subjects with accidentally discovered WMHs.

Methods: The study was conducted on 44 subjects with accidentally discovered WMHs and 24 non-WMHs subjects
submitted to the advanced activity of daily living scale (AADLs), a neurocognitive battery assessing different
cognitive domains, Berg balance test (BBT), computerized dynamic posturography (CDP), and brain MRI diffusion
tensor tractography (DTT).

Results: WMHs subjects showed a significant decrease in AADLs as well as visual and vestibular ratios of CDP.
Regarding the neurocognitive battery, there were significant decreases in MoCA as well as arithmetic test and block
design of Wechsler adult intelligence scale-IV in WMHs compared to non-WMHs subjects’ groups (p value < 0.001).
Concerning Wisconsin Card Sorting subtests, each preservative response, preservative errors, non-preservative errors
and trials to complete the 1st category showed a highly significant increase in WMHs compared to non-WMHs
subjects (p values < 0.001). DTT showed a substantial reduction in fractional anisotropy (FA) of each corticospinal
tract, thalamocortical connectivity, and arcuate fasciculi.

Conclusion: Subjects with WMHs have lower cognitive performance and subtle balance impairment which greatly
impair their ADLs.
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Introduction
White matter hyperintensities (WMHs) of presumed
vascular origin are defined as areas of aberrant white
matter appearance with increased intensity in T2WI and
FLAIR images away from areas of cortical lesions or ven-
tricular enlargement and not related to demyelinating
disease, leukodystrophy or other nonvascular causes [1].
WMHs is the most frequent type of cerebral small vessel
diseases (CSVDs) while advanced age seems to be the

most important risk factor. The incidence of accidentally
discovered WMHs is very low before the age of 55, and
they could be identified in about 25% of MRI images for
those > 60 years, and 90% of asymptomatic subjects > 70
years [2]. WMHs seem to have multifactorial etiologies
including endothelial dysfunction, inflammation, in-
creased vascular permeability, BBB disruption, and ven-
ous insufficiency [3].
Most MRI reporters consider WMHs as a normal age-

related finding, but there is a paucity of information
about their clinical significance and the permissible
spectrum of their benign range [4]. Meticulous assess-
ment of asymptomatic WMHs subjects reveals their
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suffering of subtler cognitive, gait, balance, and psychi-
atric disturbances. At the same time, individuals with ex-
tensive WMHs are at a double risk of dementia
(vascular or mixed types) and/or triple risk of cerebro-
vascular strokes (occlusive or hemorrhagic) [5].

Aim of the work
The aim was to study the existence and pattern of cogni-
tive as well as balance impairments in patients with oc-
cult WMHs of presumed vascular origin.

Methods
This work was an observational randomized cross-
sectional study conducted on an initial sample of 162
young-old subjects aged 60–69 years [6] who underwent
brain MRI due to various causes in the period from the
1st of December 2018 till the end of December 2019.
The flowchart of studied subjects is shown in Fig. 1
where 75 were uninvolved due to the presence of one or
more exclusion criteria, 19 subjects refused enrollment
in the study and the remaining 68 ones were divided to
2 groups regarding the presence or absence of WMHs;
group 1 included 44 subjects with accidentally discov-
ered WMHs of presumed vascular origin and group II
consisted of 24 subjects with no WMHs in their MRI

films (patients with unilateral or bilateral periventricular
caps were included in this group).
Exclusion criteria encompassed patients with a history

of clinically evident stroke, cognitive impairment, mani-
fest orthopedic problems, cerebral autosomal dominant/
recessive arteriopathy with subcortical infarcts and leu-
koencephalopathy (CADASIL / CARASIL), preexisting
psychiatric or cognitive disorders as well as those with
MRI contraindications, chronic vertiginous problems,
and chronic medical problems or use of medications af-
fecting cognition and/or balance.
The study protocol was approved by the Research Eth-

ics Committee and Quality Assurance Unit (approval
code: 32762/12/18), participants were voluntary and in-
formed consent was obtained before engagement in the
study.
Brain MRI images were performed for diagnosis and

grading of WMHs used the age-related white matter
changes (ARWMC) visual rating scale [7]. Diffusion
tensor tractography (DTT) and 3D microstructural
orientation of the corticospinal tract (CST), thalamo-
cortical connectivity (TCC) as well as inferior longitu-
dinal and arcuate fasciculi [8]. MRI was acquired
using 1.5–Tesla, General Electric Scanner with quad-
rature 8 channels head coil, GE Healthcare, Milwau-
kee, WI, USA. (Additional file 1)

Fig. 1 Flowchart of studied subjects
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Studied individuals were subjected to history taking,
neurological examination, the Montgomery–Åsberg De-
pression Rating Scale (MADRS), and the advanced activ-
ities of daily living scale (AADLs) [9], as well as a battery
of neurocognitive tests, included the Montreal Cognitive
Assessment Scale (MoCA) Arabic Version [10], trail-
making test, [11] subtest of Wechsler Adult Intelligence
Scale-IV (WAIS-IV), [12] Stroop Color-Word Test [13]
and Wisconsin Card Sorting Test [14] (WCST) (com-
puterized version) derived from the Psychology Experi-
ment Building Language (PEBL).
Balance assessment was done using the Berg Balance

Test (BBT) [15] as well as the computerized dynamic pos-
turography (CDP), sensory organization test (SOT) was
also performed to examine the somatosensory (SOM), vis-
ual (VIS), and vestibular (VEST) balance systems using
the Balance Quest provided by Framiral, Cannes, France
(Multitest Equilibre 6.1.37.0) with static/dynamic platform
by Micromedical Technologies (http://perso.wanadoo.fr/
framiral/multi_gb.htm) [16] (Additional file 2).
Statistical analysis was conducted using SPSS Prism,

version 20, 2013 created by IBM, Chicago, IL, USA. Stat-
istical differences were tested using chi-square for cat-
egorical variables and Student’s t test for numerical
ones. For bilaterally assessed parameters, all included
subjects were represented by the mean measure of both
sides. Correlation analysis was performed using Pear-
son’s correlation test. P value < 0.05 was considered sta-
tistically significant.

Results
The study included 44 subjects with accidentally discov-
ered WMHs aged 64.61 ± 3.85, 26 (59.1%) were males and
their ARWMC score was 11.89 ± 4.16 points (Table 1).
The main indications of brain MRI were 13/44 (29.5%)

dizziness, 9 (20.5%) headache, 8 (18.2%) tinnitus, 6
(13.6%) subjective cognitive decline, 5 (11.4%) somato-
form disorder, and 3 (6.8%) facial numbness. Both
WMHs and non-WMHs groups showed non-significant

differences regarding the self-reported indications of
brain imaging (Table 2).
Regarding vascular risks, the results showed a signifi-

cant increase in the incidence of hypertension among
WMHs subjects compared to non-WMH ones (p value
= 0.017). Other modifiable and non-modifiable common
vascular risks including subjects’ age and sex as well as
body mass index, diabetes, dyslipidemia, smoking, ar-
rhythmias, and ischemic heart disease showed non-
significant differences between both studied groups with
p value > 0.05 (Table 1).
The results of the present study revealed significant

decreases in AADLs as well as MoCA scales in WMHs
subjects compared to the non-WMHs group with p
values < 0.001 and 0.034, respectively. At the same time,
the WMHs group showed significant increases in each
of MADRS, trail-making test, and Stroop color-word test
with p values < 0.001. Regarding the WAIS-IV subtest,
there were significant decreases in each arithmetic test
and block design in WMHs compared to non-WMHs
subjects’ groups (p value < 0.001) while digit span for-
wards and backward as well as language vocabulary
showed non-significant differences. Concerning WCST
subtests, each preservative response, preservative errors,
non-preservative errors, and trials to complete 1st cat-
egory showed a highly significant increase while concep-
tual level response and the number of categories showed
significant decreases in WMHs compared to non-
WMHs (p values < 0.001) (Table 3).
The study showed a non-significant difference between

both studied groups regarding BBT while CDP revealed
significant decreases of VIS and VEST ratios in the
WMHs group compared to non-WMHs one with p
values < 0.001. On the other hand, the SOM ratio
showed a non-significant difference between both stud-
ied groups (p value = 0.129) (Tables 3 and 4, Fig. 2).
In respect to MRI results, the ARWMC score was

11.89 ± 4.16 points for the WMHs group which showed
a significant increase in occult lacunar brain infarcts
(LBIs) number compared to non-WMHs subjects. Re-
garding the DTT data, the results revealed highly

Table 1 Demographic data and vascular risks among WMHs
(group I) and non-WMHs subjects (group II)

Group I (n = 44) Group II (n = 24) p value

Age 64.61±3.85 62.02±3.70 0.216

Sex (male%) 26 (59.1%) 14 (58.3%) 0.952

BMI (kg/m2) 36.2 ± 3.6 34.9 ± 4.3 0.189

Hypertension (%) 28 (63.6%) 8 (33.3%) 0.017*

Diabetes (%) 14 (31.8%) 8 (33.3%) 0.898

Smokers (%) 18 (40.9%) 6 (25%) 0.190

IHD (%) 9 (20.5%) 5 (20.8%) 0.971

Arrhythmia (%) 7 (15.9%) 3 (12.5%) 0.704

*Significant

Table 2 Comparison between WMHs and non-WMHs groups
regarding the indications of brain MRI

WMHs
(n: 44)

Non-
WMHs
(n: 24)

Chi-square

X2 p-value

Dizziness 13 (29.5%) 2 (8.3%) 4.062 0.044

Headache 9 (20.5%) 6 (25%) 0.187 0.666

Tinnitus 8 (18.2%) 2 (8.3%) 1.201 0.273

Subjective cognitive decline 6 (13.6%) 6 (25%) 1.379 0.240

Somatoform disorder 5 (11.4%) 6 (25%) 2.132 0.144

Facial numbness 3 (6.8%) 2 (8.3%) 0.049 0.819
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Table 3 Comparison between the WMHs (group I) and non-WMHs subjects (group II) regarding studied scales

Group I Group II t test

t value p value

AADLs 24.57 ± 4.25 28.70 ± 3.35 4.042 < 0.001*

MADRS 18.11 ± 8.76 10.39 ± 5.11 3.888 < 0.001*

Berg balance test 45.09 ± 2.25 44.75 ± 2.15 0.606 0.546

MoCA 24.77 ± 1.44 25.50 ± 1.06 2.164 0.034*

Trail-making test 295.32 ± 48.54 255.96 ± 23.66 3.729 < 0.001*

Stroop color word test 171.32 ± 15.22 122.00 ± 23.24 10.554 < 0.001*

Wechsler Adult Intelligence Scale IV

Digit span forward 4.91 ± 0.86 5.25 ± 0.94 1.512 0.135

Digit span backwards 4.30 ± 0.76 4.50 ± 0.66 1.104 0.273

Arithmetic test 7.86 ± 1.17 10.83 ± 1.71 8.453 < 0.001*

Language vocabulary 22.64 ± 2.63 22.79 ± 1.53 0.265 0.792

Block design 9.43 ± 1.42 12.96 ± 1.33 9.989 < 0.001*

Wisconsin Card Sorting Test

Preservative response 28.57 ± 3.53 23.29 ± 4.05 5.594 < 0.001*

Preservative errors 16.91 ± 3.64 11.63 ± 2.20 6.481 < 0.001*

Non-preservative errors 17.23 ± 2.40 8.79 ± 1.47 15.653 < 0.001*

Trials to complete 1st category 13.18 ± 1.56 11.54 ± 1.02 4.632 < 0.001*

Conceptual level response 33.11 ± 4.72 41.83 ± 2.87 8.247 < 0.001*

No. of categories 2.70 ± 0.73 4.33 ± 0.82 8.405 < 0.001*

AADLs advanced activities of daily living scale, MADRS Montgomery–Åsberg Depression Rating Scale, MoCA Montreal cognitive assessment scale
*Significant

Table 4 Comparison between the WMHs (group I) and non-WMHs subjects (group II) regarding the assessed investigations

Group I Group II t test

t value p value

ARWMC 11.89 ± 4.16 1.79 ± 1.18 11.599 0.001*

Occult LBIs 1.36 ± 0.84 0.46 ± 0.59 4.693 0.001*

CDP-SOM ratio 93.18 ± 13.76 97.54 ± 2.00 1.539 0.129

CDP-VIS ratio 78.20 ± 3.26 89.17 ± 2.43 14.418 0.001*

CDP-VEST ratio 49.09 ± 3.64 67.54 ± 3.01 21.183 0.001*

Corticospinal tract (mean FA) 0.58 ± 0.06 0.72 ± 0.07 8.321 0.001*

Corticospinal tract (density) 373.00 ± 24.11 358.08 ± 25.90 2.375 0.020*

TCT (mean FA) 0.46 ± 0.06 0.70 ± 0.07 14.203 0.001*

TCC (density) 662.39 ± 75.36 674.04 ± 74.58 0.612 0.543

Arcute faciculus (mean FA) 0.36 ± 0.06 0.47 ± 0.02 8.943 0.001*

Arcute faciculus (density) 237.14 ± 24.04 230.33 ± 24.59 1.106 0.273

ILF (mean FA) 0.42 ± 0.03 0.42 ± 0.03 0.407 0.686

ILF (density) 228.45 ± 15.85 226.58 ± 15.37 0.470 0.640

ARWMC age-related white matter changes scale, CDP-SOM, VIS, VEST computerized dynamic posturography somatosensory, visual, and vestibular, FA fractional
anisotropy, MCP middle cerebellar peduncle, MCT mean cortical thickness, TCC thalamo-cortical connectivity
*Significant
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significant reductions in mean FA for CST, TCC, and ar-
cuate fasciculus in WMHs compared to non-WMHs
groups while inferior longitudinal fasciculus FA showed
non-significant differences. At the same time, all studied
tracts densities showed non-significant differences be-
tween both studied groups (Table 4, Fig. 3).
Correlation data analysis revealed negative correlations

between the ARWMC score and each of AADLs and
MoCA, as well as VIS/VEST ratios and CST FA with p
values < 0.001. At the same time, ARMWC showed a posi-
tive correlation with patients’ age and MADRS (Fig. 4).

Discussion
The present study revealed that hypertension is the
major vascular risk of WMHs while other common vas-
cular risk factors including diabetes, dyslipidemia, obes-
ity, smoking, and heart disease showed non-significant
relation with WMHs severity. At the same time, the re-
sults did not identify the effect of advanced age on
WMHs progression possibly due to the selection criteria
of a specific age (young-old geriatric subjects). These re-
sults are agreeing with Croall and colleagues, 2018 [17]
as well as Wardlaw and colleagues, 2019 [3] who stated
that hypertension is a major risk of WMHs, yet the dis-
order is highly heterogenous and multi-etiological where
heritable factors play a major role in its pathogenesis.
On the other hand, Yu and colleagues, 2018 [18] as well
as Walsh and colleagues, 2019 [19] found significant as-
sociations between the existence of type 2 DM as well as
obesity and WMHs progression possibly due to inclu-
sion of patients with metabolic syndrome and clinically

evident strokes rather than subjects with accidentally
discovered asymptomatic WMHs.
The results of this work identified lower cognitive per-

formance, more depressive symptoms (feeling of sadness,
helplessness, and hopelessness) as well as reduced activ-
ity of daily livings (ADLs) in WMHs subjects. These data
are going with the study of Madden and colleagues,
2017 [20] who hypothesized that WMHs are neither si-
lent nor innocent but brain resilience may delay their
clinical implications by undergoing several neuro-
modulatory processes including reduction in the cost of
wiring, reorganization of the resting-state and default
mode networks as well as paradoxical functional hyper-
connectivity.
The study showed that the MoCA scale at 26 points had

58% sensitivity and 70% specificity for the diagnosis of
cognitive impairments associating WMHs (Fig. 5). This
low sensitivity and specificity indicate that the MoCA
scale is not suitable for the evaluation of the subtler cogni-
tive impairments associating with WMHs (Fig. 4). This re-
sult is parallel with that of Abd Ghafar and colleagues,
2019 [21] who declared that global cognitive assessment
scales including MoCA could be a sensitive screening test
for patients with vascular cognitive impairment yet this
sensitivity is much lowered in preclinical cases with sub-
jective cognitive decline including occult WMHs subjects.
Neurocognitive assessment of WMHs subjects re-

vealed marked affection of attention and executive func-
tions while language vocabulary and memory were little
impaired. These results are in harmony with that of
Rensma and colleagues, 2018 [22] as well as Bahnasy

Fig. 2 Computerized dynamic posturography sensory analysis ratios of a WMHs subject showing impaired visual and vestibular inputs with
normal somatosensory balance systems
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and colleagues, 2018 [23] who concluded that subjects
with extensive WMHs showed subnormal executive func-
tions (information processing speed, set shift, and multi-
tasking) and reduced capacity for sustained attention with
relative sparing of episodic memory and delayed recall.
On the other hand, they identified significant language
dysfunctions in their studied subjects which is not com-
patible with our results possibly due to different study de-
sign and inclusion of clinically symptomatic stroke and
mild cognitive impairment patients.

The results of the present study showed non-
significant differences between WMHs and non-WMHs
subjects regarding the BBT which is in harmony with
the work of Shen and colleagues, 2016 [24] who con-
cluded that BBT is an insensitive biomarker for in-
creased risks of falls in subjects with WMHs.
The results of the present work showed impaired static

and dynamic balance control in WMHs subjects evi-
denced by decreased VIS and VEST ratios which were
negatively correlated with WMHs disease burden. These

Fig. 4 A negative correlation between the ARMWC scale and each of MoCA scale (left) and mean cortical thickness (right)

Fig. 3 Diffusion tensor tractography of an included WMHs subject a corticospinal, b arcuate fasciculus, c inferior longitudinal fasciculus
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results are in harmony with that of Shen and colleagues,
2016 [24] as well as Moscufo and colleagues, 2018 [25]
who concluded that WMHs are at increased risk of falls
due to associated balance and gait dysfunctions. They at-
tributed these mobility impairments to the subtle white
matter microstructural abnormalities, particularly in the
corpus callosum.
The study revealed reduction of FA in each of CST,

TCC, and arcuate fasciculi of WMHs subjects with
preserved tracts, densities pointing to the microstruc-
tural connectivity changes induced by WMHs. At the
same time, there was an observable increased hetero-
genicity of axon FA (myelination) in the studied tracts
denoting decreased synchrony of impulses transduc-
tion. These results are passing with that of Loos and
colleagues, 2018 [26] as well as Tuladhar and col-
league, 2016 [27] who stated that WMHs is a dy-
namic whole-brain disorder resulting in disruption of
the axons not only in the WMHs lesions but also in
their normally appearing white matter penumbra. The
net results are dying back of the neuronal cell bodies
and disruption of brain network integrity progressing
to disconnection syndrome.
A potentially important observation is the little affec-

tion of the inferior longitudinal fasciculi than other stud-
ied white matter tracts which signifies that brain areas
have different susceptibilities to WMHs induced
changes. These data may open a small window in a bet-
ter understanding of the pathogenesis of WMHs with
the consecutive introduction of more specific treating

agents. These results are following the work of Frey and
colleagues, 2019 [28] as well as Vangberg and colleagues,
2019 [29] who identified that certain brain regions par-
ticularly those with the aberrant structure are more vul-
nerable to the microstructural compromise induced by
WMHs lesions possibly due to different vulnerability to
the induced ischemia and neuroinflammation.

Conclusion
Subjects with WMHs have lower cognitive performance
and at higher risk of falls due to balance impairments
which greatly impair their ADLs. The routine MoCA
and Berg balance tests are not sensitive for identification
of the subtler cognitive and balance dysfunctions due to
WMHs while the construction of more specific, easily
applicable scales becomes an opportunity for better diag-
nosis and follow-up.

Recommendations
Further studies are needed to identify the impact of
WMHs on brain network integrity, their clinical signifi-
cance as a stroke or dementia risk as well as the permis-
sible spectrum of their benign range in physiological
aging. These points will be studied in the second phase
of the study which will be a longitudinal one.

Limitations
Rating of WMHs used the ARWMC visual rating scale
while automated volumetric quantification with its inte-
grated correlation with the specific brain areas will allow
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a better insight into the strategic tracts involved in the
cognitive and balance functions. At the same time, there
is no consensus regarding the chronological and bio-
logical aging biomarkers related to WMHs allowing for
the division of the studied subjects into physiological
and pathological WMHs groups.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s41983-020-00228-6.

Additional file 1:. Brain MRI evaluated parameters

Additional file 2:. Berg balance and posturography
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