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Background: White matter hyperintensity (WMH), focal and/ or diffuse 

areas of hyperintense signals on T2 weighted magnetic resonance imaging 

(MRI), is the most common incidental finding in elderly patients. However, its 

clinical significance is usually overlooked. We aimed to find out the correlation 

between cerebral WMH in MRI with the mental status of elderly patients, 

assessed by Mini-Mental Status Examination (MMSE) score. 

Methods: This cross-sectional study was conducted for two years on eighty 

eligible elderly patients (> 60 years) referred to the Department of Radiology 

and Imaging for MRI of the brain. Demographic variables like age and sex, 

MMSE score, and MRI variables like location and the number of WMHs 

were studied. The Pearson’s correlation coefficient was used to assess the 

correlation between the extent of periventricular WMH and MMSE score.

Results: A significant negative correlation (r = -0.78; p < 0.001) was found 

between MMSE and the extent of periventricular WMH.  A significant negative 

correlation was also found when periventricular hyperintensities were 

evaluated individually for frontal caps (r = -0.68; p < 0.001), band opacities (r = 

-0.55; p < 0.001) and occipital caps (r = -0.59; p < 0.001). However, subcortical 

WMH was not significantly corelated with MMSE score (r = +0.02, p = 0.09). 

Conclusion: The extent of periventricular WMH seen in the brain MRI is 

significantly correlated with a cognitive decline in elderly subjects. However, 

no such correlation exists between subcortical WMH and mental status.
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White matter hyperintensity (WMH), often 
found on Magnetic Resonance Imaging (MRI) 
scans of elderly people, is attributed to degen-

erative changes of long penetrating arteries. WMH bur-
den (i.e., volume or severity) is negatively associated with 
performance across a range of cognitive tests, particularly 
those involving executive functioning, processing speed, 
and attention [1]. The prevalence has been reported to 
range from 5 to 90%, depending on the study design, pop-
ulation, and rating scales [2].

WMH is considered the tip of an iceberg, reflect-
ing an underlying process with no visible boundaries 
at MRI. WMH has been correlated with cognitive, be-
havioral, gait, and urinary impairment and have been 
shown to progress over time [3]. Periventricular, but 
not subcortical, WMH has been related to atheroscle-
rosis and cognitive impairment, hence illustrating the 
importance of differentiating between WMH at differ-
ent locations [4]. A recent study reports an association 
of cerebral WMH burden on MRI with a DNA methyl-
ation-based biomarker of aging, termed DNA methyla-
tion age acceleration, which represents the deviation of 
the DNA methylation-predicted age from the chrono-
logic age [5].

In MRI, T2 weighted (T2W)/ Fluid attenuation 
Inversion Recovery (FLAIR) overestimates periven-
tricular and perivascular WMH compared to histo-
pathologically confirmed demyelination. The relatively 
high concentration of interstitial water in the periven-
tricular/ perivascular regions due to the increased 
blood-brain-barrier permeability and plasma leakage 
in brain aging may evoke T2W/ FLAIR WMH despite 
relatively mild demyelination [6].

The Mini-Mental State Examination (MMSE) 
score of less than 24 is commonly used to reflect cogni-
tive impairment [7, 8]. Despite being a rough measure 
of global cognitive function, the severity of WMH is as-
sociated with the rate of decline of the MMSE score and 
with the MMSE score at the time of imaging [4].

WMH is a poor prognostic marker in stroke out-
comes. Recent studies have shown that WMH coexists 
with ischemic stroke in patients with large artery dis-
ease like intracranial atherosclerosis, however, the rela-
tionship between WMH and large vessel disease is still 
unclear [9].

WMH also contributes to Alzheimer’s disease de-
mentia; preventive strategies to reduce cardiovascular 
disease and WMH could decrease or delay the incidence 
of the onset of dementia [10]. We aimed to find out the 

correlation between the degree of cerebral WMH eval-
uated by MRI with the mental status of elderly subjects 
assessed by MMSE score. 

METHODS

This cross-sectional study was done on eighty patients 
in the Department of Radiology and Imaging, BIR-

DEM General Hospital, Dhaka, Bangladesh from July 
2013 to June 2015. A purposive sampling technique was 
applied. Elderly patients (> 60 years) who were referred 
for a medical checkup and advised for an MRI of the brain 
without manifestations of neurological deficit were en-
rolled. Uncooperative or unconscious patients and those 
with suspected stroke or intracranial neoplasm were ex-
cluded. The study was approved by the Institutional Re-
view Committee of BIRDEM and written informed con-
sent was taken from all the patients. 

After explaining to the patients all the necessary 
information regarding the research study, data was col-
lected in a structured sheet. First, a researcher exam-
ined the MMSE score of the patient. Then the MRI of 
the brain was examined by the same researcher which 
was then cross-examined by a senior radiologist with 12 
years of experience in MRI. To avoid bias, a hard copy 
of MRI of the brain of the same patient was examined 
by another senior radiologist with 10 years of experi-
ence who was unaware of the MMSE score. The MRI 
findings were recorded for correlation with the MMSE 
score previously obtained. Variables assessed included 
demographics such as age and sex of the patient, the 
MMSE score along with the MRI variables such as loca-
tion and number of lesions, and size and location of the 
largest lesion. 

MINI-MENTAL STATUS EXAMINATION

The MMSE is a useful screening questionnaire to 
detect cognitive impairment. A score of less than 24 out 
of 30 indicates cognitive impairment [8]. It is an elev-
en-question measure that tests five areas of cognitive 
function: orientation, registration, attention, recall, 
and language (Table 1). Patients with an MMSE score 
of 24 and above were classified as normal while those 
below 24 had a cognitive decline.

SCANNING TECHNIQUE

The MRI of the brain was performed on a Neu-
soft 0.35T scanner (Neusoft Medical Systems Co., 

Cerebral white matter hyperintensity in MRI.
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Limited, China). The patient was placed supine on the 
examination table and a proper head coil was used to 
send and receive radiofrequency pulses. The scanning 
protocol included a series of axial T2 weighted imag-
es (TR- 4600 ms; TE- 132 ms; Flip angle- 90o), FLAIR 
images (TR- 4234.6 ms; TE- 88.0 ms; Flip angle- 90o; 
Inversion TI- 1600 ms), and T1 weighted images (TR- 
22.0 ms; TE- 7.5 ms; Flip angle- 30o). Sections were 6.0 
mm thick with an interslice gap of 7.2 mm. Hardcopies 
were printed by a thermal printer. Periventricular and 
subcortical WMHs were considered present if visible as 
hyperintense on both T2 weighted and FLAIR images, 
without prominent hypointensity on T1 weighted imag-
es. 

INTERPRETATION OF MRI OF BRAIN

WMH Rating Scale: The presence, severity, and lo-

cation of morphological brain characteristics were rat-
ed according to the protocol designed for the Rotterdam 
Scan Study [11]. WMH was considered present in case 
of hyperintense lesions on both FLAIR and T2-weight-
ed images but not hypointense on T1-weighted images 
or not showing bright signal in diffusion-weighted se-
quences. When the largest diameter of the WMH was 
adjacent to the ventricle, it was considered as periven-
tricular, otherwise as subcortical.

Periventricular WMH was rated semi-quantita-
tively by visual rating scale as 0 (none), 1 (pencil-thin 
lining), 2 (smooth halo), or 3 (large confluent). Three 
separate regions that were considered were adjacent to 
frontal horns (frontal caps), adjacent to the wall of the 
lateral ventricles (bands), and adjacent to the occipital 
horns (occipital caps). The overall degree of periven-
tricular WMH was calculated by adding up the scores 

Cerebral white matter hyperintensity in MRI.

Figure 1: Periventricular WMH (a. 
T2W and b. FLAIR images). 

Figure 2: Periventricular band 
and subcortical WMH (a. FLAIR, 
and b. T2W images) 

(a)

(a)

(b)

(b)
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for the three separate categories (range: 0 - 9) (Fig. 1 
and 2). 

All the collected data were compiled on a master 
chart first. Then the data were organized by using a 
scientific calculator and standard statistical formulas. 
The percentage was calculated to find out the propor-
tion of the findings. Further statistical analyses of the 
data were done by the software Statistical Packages for 
Social Science version 11.5. The Pearson’s correlation 
coefficient was used to evaluate the relationship among 
different WMH and MMSE score. A value of p < 0.05 
was considered statistically significant. Variables were 
demonstrated as mean ± SD for ages and mean ± SEM 
for all the remaining parameters. 

RESULTS

A total of 80 consecutive eligible subjects were en-
rolled, among whom 49 (61.3%) were males. The 

mean age was 68.6 ± 7.2 years (range: 61 to 90 years). 
There was no missing data.

The MMSE score ranged from 15 to 30. The ma-
jority (55%) of patients had MMSE score < 24. The 
overall degree of periventricular WMHs score ranged 
from 3 to 9 and the score 4 had the highest frequency 
(25%). A significant negative correlation (r = -0.78; p < 
0.001) was found between MMSE score and the extent 
of periventricular WMH at MRI of the brain (Fig. 3).

The MMSE score was independently correlat-
ed with hyperintensities in the frontal periventricular 
white matter (r = -0.68; p < 0.001), periventricular 
white matter band opacities (r = -0.55; p < 0.001) and 
periventricular occipital white matter opacities (r = 
-0.59; p < 0.001) (Fig. 4). 

No correlation (r = 0.02; p = 0.09) was found be-
tween the MMSE score and the largest size of subcorti-
cal lesion at MRI of the brain (Fig. 5).

DISCUSSION

WMH reflects accumulating white matter damage 
with aging and impair cognition. More WMHs 

have been shown elsewhere to be significantly associated 
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Figure 3: Correlation between MMSE score and extent of 
periventricular WMH

Figure 4: Correlation between MMSE score and a. frontal cap 
WMH, b. band WMH, and c. occipital WMH

4a.

4b.

4c.
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with lower cognitive ability [12]. In this study, the inci-
dence of periventricular WMH was more than that of 
subcortical WMH and all of the patients had periven-
tricular WMH while subcortical WMH was present only 
in combination with periventricular WMH in 71.3% of 
patients. In another study, the percentage of periven-
tricular WMH (74%) was also more than subcortical 
lesions (68%) [13].

Periventricular WMH was rated semi-quanti-
tatively and three separate regions were considered 
which were frontal caps, bands, and occipital caps. 
The overall degree of periventricular WMH was cal-
culated by adding up scores for three separate catego-
ries (range: 0-9). A study done by de Leeuw et al. was 
based on similar methods for assessing WMH [2].

When the scores of MMSE of our patients were 
correlated with the extent of periventricular WMH at 
MRI of the brain, and then separately for frontal caps, 
band opacities, and occipital cap, a significant nega-
tive correlation was found between these parameters. 
However, the negative correlation between peri-ven-
tricular lesion and MMSE is less likely to be affected 
by lobar predilection (occipital/ frontal or band hy-
per-intensity). Among the three, frontal periventricu-
lar WMH showed a relatively more negative correla-
tion than the other two. However, studies showing the 
correlation at an individual level are lacking and more 
research needs to be done. 

A general pattern of age-related preservation 
and decline emerges indicating that the prefrontal 
WMH is most susceptible to the influence of age. 
Studies that combine MRI with cognitive measures 
suggest that such age-related reductions in white 

matter integrity may produce a disconnection state 
that underlies some of the age-related performance 
declines in age-sensitive cognitive domains [14].

The current study found that mental status was 
not affected by subcortical WMH. Periventricular, but 
not subcortical WMH, has been related to atheroscle-
rosis, and cognitive impairment has been related to 
periventricular WMH, but not to subcortical WMH, 
illustrating the importance of differentiating between 
WMH at different locations [4].

Similarly, another study has reported that only 
periventricular WMH and not subcortical WMH was 
independently associated with cognitive decline [15]. 
It was more notable for executive functions, mental 
and motor speed [15]. The educational background is 
greatly dependent on the environment during child-
hood, and therefore some researchers also consider 
that the childhood environment may influence future 
cognitive impairment [8].

Investigators have found a gradation of flow and 
blood volume in WMH that decrease from normal tis-
sue on the periphery to reduced values in the center 
of a lesion [16]. This may be the reason behind the 
decline of cognition associated with WMH seen in our 
patients.

Our study aimed at dealing with common inci-
dental findings of WMH in MRI of the brain. Correla-
tion with cognitive state emphasizes that this finding 
should not be neglected. Our study has some limita-
tions. First, the sample size was small as most of the 
elderly patients referred for MRI of the brain had co-
existing findings; hence, they could not be enrolled. 
Second, this study was carried out in a single center. 
Third, the MR scanner was less powerful (0.35T).

CONCLUSION

Cognitive decline in elderly subjects is significantly 
correlated with the extent of periventricular white 

matter hyperintensity at MRI of the brain. However, the 
mental status of the elderly people is poorly correlated 
with subcortical white matter hyperintensity. This im-
portant finding may assist clinicians with proper coun-
seling and additional management. 

Figure 5: Correlation between MMSE score and the largest 
size of the subcortical WMH 
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