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Abstract

Background: White matter hyperintensities (WMH) on T2 weighted and FLAIR brain
MRI are common neuroimaging markers of cerebral small vessel disease (CSVD), but
Indonesian hospital based data on their age related distribution remain limited. Objective:
To examine the association between age and Fazekas defined WMH among adults
undergoing brain MRI. Methods: This retrospective analytical cross sectional study
included 143 consecutive eligible MRI records from Royal Taruma Hospital, Jakarta,
collected from August to December 2024. WMH was graded using the Fazekas scale;
grade >1 was operationally classified as a WMH marker of CSVD. Age groups (<60 and
>60 years) were compared using the chi square test, and an unadjusted prevalence ratio
(PR) with 95% confidence interval (CI) was calculated. Results: Fazekas grade >1 was
present in 95 of 143 records (66.4%). Prevalence was 87.9% among patients aged >60
years and 48.1% among those aged <60 years. Older patients had 1.8-fold higher
prevalence (PR 1.8; 95% CI 1.43-2.34; p<0.001). Conclusion: Age was significantly
associated with Fazekas defined WMH prevalence. The retrospective, cross sectional
design and absence of vascular comorbidity adjustment preclude causal inference and do
not establish a basis for routine MRI screening.

Keywords: White matter hyperintensity; cerebral small vessel disease; aging; brain MRI;
Fazekas scale.

Introduction

Cerebral small

vessel
encompasses a group of pathological processes
affecting the brain’s small arteries, arterioles,
capillaries, and venules*? It is clinically
important because the cumulative burden of
small vessel injury is associated with lacunar
stroke, cognitive impairment, gait disturbance,

markers, WMH are frequently encountered on
T2 weighted and fluid attenuated inversion
recovery (FLAIR) MRI and represent areas of
altered white matter signal related to chronic
microvascular and tissue injury*>®. Because
WMH are common with increasing age,
accurate terminology is essential: the presence
of WMH can support assessment of CSVD
burden, but WMH alone does not capture the

disease (CSVD)

mood symptoms, and vascular dementia. i )

Neuroimaging e i complete radiological spectrum of CSVD.
heterogeneous and include recent small Aging s consistently associated with a
subcortical  infarcts, lacunes,  cerebral greater burden of WMH and other cerebral

microbleeds, enlarged perivascular spaces,
atrophy, and
(WMH)3,

brain
hyperintensities

small vessel abnormalities. Age related
vascular stiffening, endothelial dysfunction,
impaired autoregulation, and changes in
cerebral perfusion provide biologically

matter
these

white
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plausible pathways through which WMH may
become more prevalent in older adults’.
Nevertheless, vascular comorbidities such as
hypertension and diabetes mellitus may also
contribute to cerebral microvascular injury and
can coexist with older age®®. This is
particularly relevant in hospital based studies
because referral patterns and comorbidity
profiles may differ from those of the general
population. Therefore, a cross sectional
association between age and WMH should not
be interpreted as proof that age independently
causes the lesions, predicts their future
occurrence, or determines disease progression.

Indonesian data describing age related
WMH in routine clinical MRI populations
remain limited. Many published investigations
focus on stroke cohorts, cognitive impairment,
or selected community samples, whereas
patients referred for MRI in clinical practice
represent a broader mixture of indications.
Royal Taruma Hospital provides an urban
hospital setting in which such data can be
examined. The present study therefore focuses
specifically on Fazekas graded WMH as the
measured MRI outcome and uses it as an
operational marker of CSVD. This narrower
definition responds to the available study data
and avoids equating a single imaging marker
with a comprehensive diagnosis that would
ordinarily consider other CSVD features such
as lacunes, microbleeds, enlarged perivascular
spaces, and atrophy.

The primary research question was
whether age group was associated with the
prevalence and severity distribution of Fazekas
defined WMH among adults who underwent
brain MRI at Royal Taruma Hospital. The
study objectives were to describe the
demographic and Fazekas grade distribution of
the sample, compare WMH prevalence
between patients aged <60 years and those aged
>60 years, and quantify the crude prevalence
association between age group and WMH

presence. The prespecified hypothesis was that
the older group would show a higher
prevalence of Fazekas defined WMH, while
recognizing that a cross sectional comparison
cannot establish temporal sequence or causal
direction.

The expected contribution is local
descriptive and analytical evidence that may
help clinicians contextualize WMH findings in
older adults who already undergo MRI for
clinical indications. The results may also
inform the design of future studies that include
vascular comorbidities, standardized imaging
parameters, longitudinal follow wup, and
population based sampling. They should not,
however, be taken as evidence for population
MRI screening because the present study did
not evaluate screening accuracy, feasibility,
cost effectiveness, harms, or improvement in
clinical outcomes. At a public health level,
established vascular risk assessment and
control remain central within the broader
prevention of  noncommunicable  and
cerebrovascular disease?®.

Materials and Methods
Research Design

This research used a retrospective analytical
cross sectional design to evaluate the
association between age and Fazekas defined
WMH at a single observation period!!2,
Existing MRI examinations and electronic
medical records were analyzed without
prospective follow up or direct participant
contact. The design is appropriate for
estimating the prevalence of an imaging finding
and comparing prevalence between age groups
within the hospital referred population.
Because exposure and outcome information
were evaluated from existing records, the
analysis cannot determine whether age
preceded the development of individual WMH
lesions, estimate incidence, or measure lesion
progression over time. Accordingly, the
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observed association should be interpreted as
an age related difference in WMH burden
rather than evidence of a temporal or causal
relationship.

Sample

The source population comprised all adults
who underwent brain MRI at Royal Taruma
Hospital, Jakarta, Indonesia, from August
through December 2024. Consecutive sampling
was implemented as consecutive inclusion of
all eligible MRI records identified during the
study period; patients were not prospectively
invited or recruited®. Inclusion criteria were
age >18 years, completion of a brain MRI
protocol containing T2-weighted and FLAIR
sequences, and availability of a medical record
containing the  required  demographic
information. Exclusion criteria were congenital
brain malformation, intracranial tumor, and a
documented history of traumatic brain injury or
neurosurgical  procedures because these
conditions could complicate interpretation of
white matter signal abnormalities. The
minimum sample size was estimated using the
Fleiss approach for comparison of two
independent proportions, assuming
WMH/CSVD marker prevalences of 50% in
the <60 year group and 80% in the >60 year
group, 80% statistical power, and 0=0.05,
This yielded a minimum of 62 records per
group. The final analytic sample comprised 143
eligible records and therefore exceeded the
calculated minimum overall requirement.

Data Collection Technique

Data were collected retrospectively in January
2025 from the hospital Picture Archiving and
Communication System (PACS) and electronic
health record (EHR). The variables extracted
were age, sex, and MRI findings. Age was
analyzed both descriptively and categorically
as <60 years or >60 years. WMH were assessed
on the available T2-weighted and FLAIR

images using the Fazekas visual rating scale,
which classifies white matter abnormalities
from grade 0 to grade 3*°. Grade 0 represented
no WMH, while grade >1 was operationally
classified as WMH present and used in this
study as an MRI marker of CSVD. This
operational definition does not include other
recognized CSVD markers such as lacunes,
cerebral microbleeds, enlarged perivascular
spaces, recent small subcortical infarcts, or
atrophy. Two radiologists independently
applied the same prespecified Fazekas criteria;
when their interpretations differed, the final
grade was established through joint consensus.
The retrospective archive did not document a
formal reader blinding procedure, so blinding
cannot be claimed. Individual reader level
grades before consensus were not retained,
which prevented calculation of weighted kappa
or another inter observer agreement coefficient.
The analytic dataset also did not retain scanner
manufacturer, magnetic field strength, or
sequence-specific acquisition parameters such
as TR, TE, TI, and slice thickness. These
technical parameters therefore cannot be
reconstructed or reported reliably. All extracted
data were anonymized before analysis.

Data Analysis Technique

Descriptive statistics were used to summarize
the study sample. Categorical variables were
presented as frequencies and percentages,
while continuous variables were summarized
using mean, standard deviation (SD), median,
minimum, and maximum where available. The
primary inferential analysis used the chi-square
(x?) test to evaluate the association between age
group (<60 versus >60 years) and Fazekas
defined WMH status (present versus absent)?6,
The magnitude of the prevalence association
was expressed as a prevalence ratio (PR) with a
95% confidence interval (Cl). The reported PR
is crude and unadjusted. A two sided p value
<0.05 was considered statistically significant,
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with very small values reported as p<0.001
rather than p=0.000. Analyses were performed
using SPSS version 25.0 for Windows (IBM
Corp., Armonk, NY, USA). Information on
hypertension, diabetes mellitus, dyslipidemia,
smoking, and other vascular comorbidities was
not available in the analytic dataset.
Consequently, an adjusted multivariable model
could not be constructed, and residual
confounding is explicitly considered in the
interpretation.

Ethical Clearance

The study was conducted in accordance with
the Declaration of Helsinki. Ethical approval
was granted by the Ethics Committee of the
Faculty of Medicine, Tarumanagara University
(No. 426/KEPK/FK UNTAR/X/2024), and
administrative permission was obtained from
Royal Taruma Hospital (No.
355/Dir/RSRT/X112024). Because the study
used anonymized retrospective secondary data
and involved no direct participant contact, the
requirement for individual informed consent
was waived by the ethics committee. Access to
PACS and medical record information was
limited to study purposes, identifiers were
removed from the analytic file, and no
personally identifiable information was
included in the analysis or manuscript.

Results

A total of 143 eligible MRI records were
included in the analysis. The sample contained
76 female patients (53.1%) and 67 male
patients (46.9%), showing a relatively balanced
sex distribution. Patient age ranged from 22 to
93 years. The mean age was 56.03 years (SD
16.9), and the median was 58 years. Seventy-
seven patients (53.8%) were aged <60 years
and 66 patients (46.2%) were aged >60 years.
Table 1 summarizes these demographic
characteristics together with the Fazekas-grade
distribution.

Fazekas grade O was recorded in 48
patients (33.6%), grade 1 in 52 (36.4%), grade
2 in 31 (21.7%), and grade 3 in 12 (8.4%).
Thus, the most frequent category was grade 1,
followed by grade 0 and grade 2; grade 3
represented the smallest group. These data
describe the severity distribution of WMH
within this clinically referred MRI sample and
should not be interpreted as a population
distribution for Jakarta or Indonesia.

Table 1. Characteristics of the Study Sample

Variable Category Frequency Percentage
(n) (%)

Age
< 60 77 53.8%
years
> 60 66 46.2%
years

Sex
Male 67 46.9%
Female 76 53.1%

Fazekas

Scale
Grade 0 48 33.6%
Grade 1 52 36.4%
Grade 2 31 21.7%
Grade 3 12 8.4%

Source: Secondary data, Royal Taruma Hospital PACS/EHR,
2024

Table 2. Descriptive Statistics of Fazekas Score
Variable Mean + SD Min-Max
Fazekas Score 1.05+0.9 0-3

Source: Secondary data, Royal Taruma Hospital
PACS/EHR, 2024

The mean Fazekas score for the entire
sample was 1.05%£0.9, with an observed range
of 0-3. Under the prespecified operational
definition, grade O represented WMH absent,
while Fazekas grade >1 represented WMH
present as an MRI marker of CSVD. On this
basis, 95 of 143 patients (66.4%) had the
operational WMH/CSVD marker and 48
(33.6%) did not. Because the study outcome
was based on WMH alone, the 66.4% value
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describes the prevalence of Fazekas-defined
WMH in the sample rather than the prevalence
of every possible imaging manifestation of
CSVD.

Age-group analysis demonstrated a clear
difference in WMH prevalence. Among
patients aged >60 years, 58 of 66 (87.9%) had
Fazekas grade >1, whereas 8 (12.1%) had grade
0. Among those aged <60 years, 37 of 77
(48.1%) had grade >1 and 40 (51.9%) had grade

0. The chi-square test showed a statistically
significant association between age group and
WMH status (p<0.001). The crude PR was 1.8
(95% CI 1.43-2.34), indicating that the
prevalence of Fazekas defined WMH was 1.8-
fold higher in the >60-year group than in the
younger group. This measure describes a
prevalence difference at the time of observation
and is not a prospective risk estimate.

Table 3. Association Between Age Group and Fazekas Defined White Matter Hyperintensity

WMH Present  WMH Absent 95% CI

Age n (%) n (%) Total PR Lower Upper prtlive
> 60 years 58 (87.9%) 8 (12.1%) 66 1.8 1.43 234  <0.001
< 60 years 37 (48.1%) 40 (51.9%) 77

Total 95 (66.4%) 48 (33.6%) 143

*Note: WMH present = Fazekas grade >1, PR is unadjusted; p<0.05 indicates statistical significance.

The results therefore support the study
hypothesis that older patients in this hospital
referred sample had a higher prevalence of
Fazekas defined WMH. However, the
association is unadjusted. Because vascular
comorbidity data were unavailable, age cannot
be described from these data as an independent
or dominant determinant of WMH, and the
possibility of residual confounding should be
retained throughout the interpretation.

Discussion

This study identified a statistically significant
cross sectional association between age and
Fazekas defined WMH on brain MRI. WMH
prevalence was 87.9% among patients aged
>60 years and 48.1% among those aged <60
years. The corresponding unadjusted PR of 1.8
(95% CI 1.43-2.34) indicates that WMH
prevalence was approximately 1.8 fold higher
in the older group. This is an important
distinction from the wording of prospective
risk: all data were obtained from a retrospective
cross-sectional hospital sample, so the analysis
shows a difference in observed prevalence and
does not demonstrate that age caused the

lesions, independently determined CSVD, or
predicted future progression. The findings
therefore support age as a marker associated
with a greater WMH burden in this clinical
population, rather than as an independently
established causal risk factor. Because the
estimate was unadjusted, residual confounding
by vascular, metabolic, and other clinical
characteristics should also be considered when
interpreting the magnitude of the observed
association.

The direction of the association is
consistent with established biological and
neuroimaging knowledge. Aging IS
accompanied by changes in the structure and
function of cerebral small vessels, including
increased arterial ~ stiffness, endothelial
dysfunction, altered autoregulation, and
impaired microvascular integrity. These
processes can contribute to chronic white
matter injury and WMH formation®’. At the
same time, older adults are more likely to have
hypertension, diabetes, dyslipidemia, smoking
exposure, and other vascular conditions that
may independently influence cerebral small
vessel injury. Because those variables were not
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available in the present dataset, biological
plausibility should not be confused with proof
of an age specific causal mechanism in this
sample.

The present results are broadly compatible
with previous empirical research. Fatmawati et
al. reported an association between increasing
age and greater white matter lesion severity in
an Indonesian ischemic stroke cohort®,
Longitudinal research has also shown
relationships between blood pressure history
and cerebral white-matter lesions, indicating
that vascular exposures remain important when
age-related WMH is interpreted®. Studies of
older adults without stroke and broader work on
brain aging similarly demonstrate that WMH
burden becomes more common with advancing
age, although prevalence estimates differ by
population, clinical selection, MRI acquisition,
and the thresholds used to define
abnormality?®®?122,  The  66.4%  overall
prevalence and 87.9% prevalence in the older
group in the current study should therefore be
viewed as hospital sample estimates, not as
representative prevalence estimates for the
general Indonesian population.

The operational definition used in this
study also affects interpretation. Fazekas grade
>1 was used to indicate WMH presence and
was treated as an MRI marker of CSVD. This
approach is practical because the Fazekas scale
is well established for visual grading of white
matter signal abnormalities, but CSVD is a
broader radiological construct. Contemporary
neuroimaging frameworks consider multiple
markers,  including  lacunes,  cerebral
microbleeds, enlarged perivascular spaces,
recent small subcortical infarcts, and atrophy,
in addition to WMH?3. Accordingly, the current
findings are most accurately described as an
age association with Fazekas defined
WMH/CSVD marker burden, rather than as
proof that all patients with grade >1 have a
complete CSVD phenotype.

From a clinical perspective, the data
support careful attention to WMH when
interpreting brain MRI in older adults who have
a clinical indication for imaging. WMH and
other manifestations of small vessel disease are
relevant to cognitive and cerebrovascular
outcomes, and their presence may prompt
clinicians to consider the patient's broader
neurological and  vascular  context?®?4,
Nevertheless, this study did not enroll an
asymptomatic screening population and did not
compare screening strategies, diagnostic
pathways, costs, harms, or clinical outcomes. It
therefore cannot establish that routine MRI
screening of older adults is necessary, effective,
feasible, or cost effective. Any imaging
decision should remain clinically indicated and
individualized rather than being inferred from
this cross sectional association alone.

Several methodological strengths support
the internal clarity of the study. Eligible records
were included consecutively within the defined
period, the outcome was graded with a
standardized Fazekas scale, and two
radiologists independently reviewed the MRI
examinations before resolving disagreements
by consensus. The revised reporting also
distinguishes the imaging outcome from the
broader CSVD construct and identifies the PR
as unadjusted. Important limitations remain.
The retrospective cross sectional design
prevents temporal and causal inference; the
single private-hospital setting creates referral
and selection considerations; and the absence
of hypertension, diabetes mellitus,
dyslipidemia, smoking, and other vascular
covariates means residual confounding cannot
be quantified. In addition, pre consensus reader
scores were not retained, so inter observer
agreement could not be calculated, and detailed
scanner or sequence parameters were
unavailable for retrospective reporting.

Future research should retain complete
vascular-risk  information and imaging
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metadata so that age can be evaluated in
multivariable models rather than as an isolated
crude exposure. Prospective and longitudinal
designs would permit assessment of incident or
progressive  WMH, while multicenter or
population-based sampling would improve
generalizability across Indonesian settings®>%.
Formal inter reader reliability should be
reported when reader level scores are available,
and standardized acquisition parameters should
be documented prospectively?’. Local HTJ
literature also provides relevant context:
previous studies have examined cognitive
function in geriatric populations, blood
pressure in older adults, and vascular factors
such as hypertension, diabetes mellitus, and
dyslipidemia in ischemic stroke
outcomes®®2%3%. These findings reinforce the
clinical relevance of aging, cognition, and
vascular health while underscoring why the age
WMH association observed here should be
interpreted within a wider risk profile.

Conclusion

In this retrospective hospital based cross
sectional sample, age =>60 years was
significantly associated with a higher
prevalence of Fazekas-defined WMH, an MRI
marker of CSVD. WMH prevalence was 87.9%
in the older group and 48.1% in patients aged
<60 years, corresponding to an unadjusted PR
of 1.8 (95% CIl 1.43-2.34; p<0.001). These
findings support careful consideration of age
when interpreting WMH on clinically indicated
brain MRI, but they do not demonstrate a causal
or independent effect of age and do not provide
evidence for routine population MRI screening.
Prospective multicenter studies incorporating
vascular comorbidities, standardized MRI
acquisition information, and formal inter reader
agreement are needed to clarify independent
associations and longitudinal change.
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