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COMMENT

Is unrecognized cognitive impairment in hypertension unmasked by
diabetes mellitus?
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While hypertension (HT) is commonly associated with
white matter lesions that are a cause of vascular dementia
(VaD), the relationship of midlife HT with VaD and Alz-
heimer’s disease (AD) has also been shown [1].

Mild cognitive impairment (MCI) is regarded as a tran-
sition phase between healthy cognitive aging and dementia,
and its identification can lead to secondary prevention by
controlling the risks for cardiovascular diseases, including
HT and diabetes mellitus (DM) [2]. Based on the neu-
ropsychological profile, two main subtypes of MCI can be
distinguished. One is “amnestic type MCI”, which may
progress preferentially to AD, and the other is “multiple
domain type MCI”, which may progress to not only AD but
also VaD or may even represent a cognitive aging process
qualified as normal [2, 3]. In the analysis of the Alzheimer’s
Disease Neuroimaging Initiative, subjects with MCI pro-
gressed to AD in 12 months at a rate of 16.5% per year [3].
Additionally, metabolic syndrome was associated with a
higher risk of MCI and progression from MCI to dementia,
particularly VaD [4].

The paper by Yamamoto et al. [5] in this issue of the
Journal provides several new insights into the unrecognized
cognitive impairment in an analysis of data from the Cogni-
tive impairment in HypERtensive individuals in ambulatoRY
care (Cherry) study of 312 elderly hypertensive patients who
were not previously diagnosed with cognitive impairment.
Approximately one-third of the elderly patients who received
antihypertensive agents were found to have unrecognized
cognitive impairment. When the extracted data from MCI
patients who received antihypertensive agents from the

Organized Registration for the Assessment of dementia on
Nation-wide General consortium toward Effective treatment
in Japan (ORANGE) registry were compared, the hyperten-
sive patients with unrecognized cognitive impairment in the
Cherry study had a larger number of antihypertensive agents
and a higher prevalence of DM than MCI patients in the
ORANGE registry, while blood pressure (BP) levels between
the two groups were equivalent. Although the clinical
expression of unrecognized cognitive impairment in elderly
hypertensive patients reported by Yamamoto et al. [5] might
be different from that in MCI, we can hypothesize that these
two types of cognitive impairment share a common
pathophysiological basis.

The concept of vascular cognitive impairment (VCI)
includes a prestage of VaD. The term VCI characterizes all
forms of cognitive deficits from MCI of vascular origin to
VaD. The mild form of VCI is defined as vascular MCI, and
the most severe form is VaD [6]. In the Tajiri & Kurihara
projects, community-dwelling elderly individuals with
vascular MCI were shown to be usually unrecognized and
were not clinically identified until they developed obvious
dementia. The elderly individuals with unrecognized vas-
cular MCI tended to have a decreased ability to follow their
medication regimens, and this poor adherence worsened
vascular comorbidities [7].

Subcortical small-vessel disease (SSVD) is considered
the most prevalent ischemic cerebral disorder and has been
associated with HT and DM [8]. Increased BP variability as
well as chronic kidney disease were also shown to be
determinants of SSVD [9, 10]. The hallmark of SSVD is
ischemic white matter lesions, which can present as lacunar
infracts and global brain hypoperfusion in a common and
homogeneous subtype of VCI, which is often unrecognized.
Brain imaging has resulted in substantially advanced diag-
nostic tools for SSVD. Vascular MCI patients with SSVD
exhibit more pronounced impairments in executive func-
tion. The Montreal Cognitive Assessment performed better
than the Mini-Mental State Examination (MMSE) in
detecting MCI with SSVD [8]. Although there were no
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brain imaging data in the Cherry study, the clinical form of
unrecognized cognitive impairment in elderly hypertensive
patients reported by Yamamoto et al. [5] might be similar to
that in vascular MCI.

Endothelial dysfunction, blood–brain barrier (BBB) dis-
ruption, and neurovascular unit dysfunction have been
suggested as initial pathogenetic features in both VaD and
AD, which could provide a link between arterial remodeling
and AD [2]. Cerebral hypoperfusion due to arterial remo-
deling enhances the production of amyloid beta (Aβ).
Arterial stiffening as well as microvascular dysfunction
impair Aβ clearance and elevate brain Aβ levels [11].
Increased large arterial stiffness due to exposure to long-
standing HT might provide a direct effect on the cerebral
penetrating arteries associated with altered structure and
function. Subsequently, this process has a harmful role in
transporting perivascular Aβ from the brain along the
perivascular space via cerebrospinal fluid drainage [11].
Thus, a disruption of vascular dynamics and reduced peri-
vascular flow of Aβ causes decreased Aβ clearance. As a
consequence, arterial remodeling has a relationship with
cerebral Aβ deposition [11].

DM has detrimental effects on the vasculature, resulting in
the development of various cardiovascular diseases stemming
from microvascular injury. The BBB is a highly specialized
structure protecting the unique microenvironment of the brain.
Endothelial cells, which are connected by junctional complexes
and express numerous transporters, constitute the main cell
type in the BBB. A high-fat diet in mice has been shown to
downregulate glucose transporter (GLUT)-1 expression in

BBB vascular endothelial cells and reduce brain glucose uptake
[12]. Myeloid cell-specific deletion of VEGF in VEGF
(Δmyel) mice impairs BBB-GLUT1 expression, brain glucose
uptake, and memory formation in obese mice. Obese VEGF
(Δmyel) mice exhibit an exaggerated progression of cognitive
decline and neuroinflammation on an AD background without
increasing Aβ1–42 processing or plaque burden [12]. DM
patients with unrecognized cognitive impairment had a sig-
nificantly reduced hippocampal volume compared with cog-
nitively normal DM patients in the voxel-based morphometry
for AD [13].

The issue of whether the interaction of HT with DM will
increase the risk of cognitive decline remains incompletely
understood. MMSE scores over 6 years declined at a steeper
rate for elderly individuals comorbid with HT and DM than for
those with neither or only one of the conditions [14]. In the
Kungsholmen project [15], severe HT combined with DM
significantly increased the risk of dementia, VaD, and AD
during the 6-year follow-up. The adjusted hazard ratios related
to the interaction between severe HT and DM were 3.0 for
dementia, 11.3 for VaD, and 2.6 for AD [15]. Because the
hypertensive patients with unrecognized cognitive impairment
in the Cherry study had a higher prevalence of DM, there might
be patients whose unrecognized cognitive impairment transfers
to VaD, AD or mixed variants [5].

From these perspectives, DM might also serve as a
potential mediator for the relationship between HT and
unrecognized cognitive impairment (Fig. 1). The data pre-
sented in the manuscript by Yamamoto et al [5]. could have
much more importance if the underlying mechanism based

Fig. 1 Common pathophysiology for VaD and AD. The factors of
hypertension and diabetes mellitus are both associated with reduced
blood–brain barrier integrity and cerebral circulation dysregulation.
This could act as a common pathophysiology for silent small vessel
disease and brain atrophy. Comorbid hypertension and diabetes

mellitus in unrecognized cognitive impairment might be more strongly
associated with VCI factors than with neurodegenerative disease fac-
tors. AD Alzheimer’s disease, VaD vascular dementia, VCI vascular
cognitive impairment, RAGE receptor for advanced glycation end
products
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on brain imaging and the prognosis of conversion to
dementia could be determined.
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