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Could the monocyte-to-high-density
lipoprotein cholesterol ratio serve as a reliable
marker for orthostatic hypotension in older
adults? A cross-sectional study

Suleyman Emre Kocyigit' ® and Ali Kirik?

Abstract

Background Orthostatic Hypotension is a condition that increases in frequency with age and is associated
with inflammation. This study investigates the relationship between the Monocyte-to-High-Density Lipoprotein
Cholesterol Ratio (MHR) and OH in older adults.

Methods It was designed as a cross-sectional and observational study at our Geriatric outpatient clinic. Total of
229 patients were assessed retrospectively. OH was evaluated based on the active standing test. Logistic regression
analysis was utilized to assess the association between MHR and both OH and supine hypertension (HT).

Results Of the 229 patients in the study, 73.5% were female, and the mean age was 76.75+6.52 years. The OH and
control groups differed significantly in terms of sex, age, body mass index (BMI), malnutrition, frailty and probable
sarcopenia. The MHRs were higher in both the OH group and the supine HT subgroup when compared to the control
group (p<0.05). The cut-off value for MHR in the OH group was 9.28 (p=0.023). In a regression analysis, a significant
relationship was observed between the presence of OH and MHR, independent of confounding factors (odds ratio
(OR) 1.09;p=0.045). Similarly, an independent relationship was identified between the presence of supine HT and MHR
(OR 1.1;,p=0.033).

Conclusions MHR was found to be independently associated with OH in older adults, while supine HT within the OH
group may be linked to MHR after adjusting for confounding factors.
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Introduction
Orthostatic hypotension (OH) is a commonly

observed, debilitating condition among people with
such comorbid diseases as hypertension (HT) and dia-
betes mellitus (DM), as well as those suffering from
neurodegenerative diseases [1], and serves also as a
significant indicator of autonomic failure. OH is diag-
nosed based on a decrease of 20 mmHg or more in
systolic blood pressure (SBP) and/or a decrease of 10
mmHg or more in diastolic blood pressure (DBP) dur-
ing head-up tilt table or active standing tests within
the initial three minutes of transitioning from a supine
to a standing position [2]. Its prevalence in the gen-
eral population averages around 6%, increasing with
age, with a prevalence of around 28% in older adults
[3, 4]. OH poses a risk for falls, syncope, fracture and
cardiovascular disease, and increases the risk of mor-
tality among older individuals [1].It is often asymp-
tomatic and can often be overlooked in older adults.
While baroreflex sensitivity failure stands as one of the
primary mechanisms in its pathophysiology, athero-
sclerosis-related inflammatory processes also play a
pivotal role in the development of OH [1, 5].

Monocytes — essential cells in the innate immune sys-
tem — play a unique role in inflammatory processes, and a
crucial role in the initial stage of atherosclerosis, binding
to adhesion molecules expressed on damaged vascular
endothelium through an immune-mediated process [6].
They also play a significant role in all stages of atheroscle-
rosis [7]. HDL-C exerts anti-thrombotic, anti-oxidant,
anti-inflammatory and anti-atherosclerotic effects, and
elevated HDL-C levels, known for their anti-monocyte
function, may confer protection against cardiovascular
diseases [8]. The Monocyte-to-High-Density Lipopro-
tein Cholesterol Ratio (MHR) has recently emerged as a
reliable marker for the prediction of inflammation and
oxidative stress [9]. Studies have shown that MHR may
be associated with stroke, coronary artery disease, atrial
fibrillation, carotid intima-media thickness (CIMT) and
the formation of carotid plaques [10]. Given the close
relationship between these conditions and OH, there
is an apparent need for a reliable and easily applicable
marker for OH in older adults.

The relationship between OH, which is associated with
atherosclerosis and inflammation, and MHR remains
unknown in elderly adults, and our study seeks to alle-
viate this by investigating the potential relationship
between OH and MHR in adults aged over 65 years,
hypothesizing that MHR may exhibit a stronger associa-
tion with those experiencing supine HT within the OH

group.
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Methods

Study design

For this retrospective, cross-sectional study, the hospital
records of the 335 patients who attended our outpatient
geriatric clinic between November 2022 and Decem-
ber 2023 were reviewed, and 229 with complete hospital
records who gave their consent for participation and who
did not meet the exclusion criteria were subsequently
included in the study.

Inclusion criteria

The study included patients over the age of 65 years who
presented to the geriatric clinic for any reason and who
did not meet the exclusion criteria.

Exclusion criteria

Patients presenting with the following characteristics
were excluded from the study: patients under 65 years
of age, patients with anemia (those with HB levels<10 g/
dL), a-synucleopathies including Parkinson’s, Lewy body
dementia or multisystem atrophy causing OH, acute
kidney injury or chronic kidney disease (estimated glo-
merular filtration rate [eGFR] < 30 mL/min/1.73 m?), his-
tory of acute cerebrovascular disease, aneurysm rupture,
cavernous hemangioma, posttraumatic hemorrhage or
hemorrhagic infarction, severe heart failure, severe val-
vular heart disease, carotid artery disease, atrial fibril-
lation, acute coronary syndrome or left bundle branch
block, history of surgery within the last 3 months, dehy-
dration, electrolyte imbalance, acute hemorrhage, sepsis,
malignancy, paraneoplastic syndrome and similar serious
co-morbidities, severe liver disease, use of lipid-lower-
ing drugs, connective tissue diseases, inflammatory and
infectious diseases.

Patient characteristics

Demographic features including age, sex, years of educa-
tion, marital status, body mass index (BMI) and smok-
ing history were retrieved from the patients’ hospital
records. Blood pressure was measured using an auto-
matic oscillometric device (Friedrich Bosch Smart Digital
Automated Blood Pressure Monitor), and hypertension
(HT) was defined as systolic blood pressure (SBP) > 140
mmHg or diastolic blood pressure (DBP) > 90 mmHg, or
the use of any antihypertensive medication. Diagnoses
of diabetes mellitus (DM) were based on American Dia-
betes Association criteria or the use of any anti-diabetic
drug [11]. Recurrent falls were defined as falls occurring
at least twice within the last year. Malnutrition was iden-
tified based on scores of 11 or below on the mini-nutri-
tional assessment short form (MNA-SF) [12]. Probable
sarcopenia was determined based on muscle strength
assessed using a hand dynamometer, based on the Euro-
pean Working Group on Sarcopenia in Older People 2
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(EWGSOP-2) criteria utilizing cut-off values established
for the Turkish population (< 28 kg in men and < 14 kg in
women) [13, 14]. Frailty was assessed based on the Fried
Frailty Phenotype criteria, with a score of 3 or higher
indicating frailty [15]. Polypharmacy was defined as the
use of five or more medications. Diagnoses of dementia
were based on the DSM-V diagnostic criteria [16].

Orthostatic hypotension

The active standing test was employed for the diagno-
sis of OH, being conducted in the morning following
the administration of the patients’ daily medications.
The patients were advised to restrict caffeine intake and
abstain from smoking, and to engage in 30 min of exer-
cise before the test. Postural blood pressure was assessed
using an automated oscillometric device, with the initial
blood pressure measurement taken in the supine position
and subsequent measurements taken within the third
minute of standing. The patients were asked about any
postural symptoms, such as dizziness and nausea, and
OH was diagnosed based on a decrease of > 20 mmHg in
systolic blood pressure and = 10 mmHg in diastolic blood
pressure during the transition from the supine to stand-
ing position in the active standing test [2].

Laboratory findings

Blood samples were collected in the morning follow-
ing a 12-hour fasting period, and subjected to a range
of tests, including complete blood count with monocyte
count, serum glucose, lipid profile, including total cho-
lesterol, low-density lipoprotein-cholesterol (LDL-C),
high-density lipoprotein-cholesterol (HDL-C), triglycer-
ides, C-reactive protein (CRP), estimated glomerular fil-
tration rate (eGFR), serum albumin, serum electrolytes,
folate, vitamin B12, ferritin and 25-hydroxy vitamin D
levels. The monocyte-to-HDL-C ratio (MHR) was calcu-
lated using the formula: monocyte count (x10%/L) divided
by HDL-C (mg/dL). All biochemical analyses were per-
formed using a Diagnostic Modular Systems autoana-
lyzer (Roche E170 and P-800).

Sample size

The sample size for the study was calculated using the
G*Power program, which determined the requirement
for a minimum of 190 participants, with an alpha value of
0.05 and a beta value of 0.80. The sample size of the study
was thus deemed sufficient.

Statistical analysis

The patient groups were first divided into two groups: the
OH group and the control group. Then, the OH group was
divided into two groups: those with and without supine
HT. Categorical variables are shown with a percentage
(%). The Kolmogorov-Smirnov test was performed to
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ensure compliance with normal distribution for continu-
ous variables. While normally-distributed variables are
shown as mean+standard deviation, nonnormally-dis-
tributed variables are expressed as median[interquartile
range]. Categorical data were compared with the Chi-
square test. In comparing continuous data, if there were
two groups, independent student t test was used for
those with normal distribution and Mann-Whitney U
test was used for those variables with a non-normal dis-
tribution. For the comparison of more than two groups,
a one-way analysis of variance (ANOVA) was employed
as a parametric test, while a Kruskal-Wallis test was used
as the non-parametric test. Spearman’s rank correlation
coefficient was used to assess the association between
MHR levels and other parameters. A Receiver Operating
Characteristic (ROC) curve was generated to determine
the cut-off values of MHR for predicting OH. Odds ratios
(ORs) and their corresponding 95% confidence intervals
(CIs) for the independent association between MHR
and the occurrence of OH were examined using a binary
logistic regression analysis. MHR and the presence of
supine HT or supine normotension within the OH group
were compared to the non-OH group, analyzed based on
multinomial logistic regression and adjusted for covari-
ates. In both regression analyses, odds ratios (ORs)
were calculated for three models: unadjusted, model 1
adjusted for age, gender, BMI, and model 2 adjusted for
model 1 plus geriatric syndromes including malnutiri-
tion, frailty and sarcopenia. A p-value of less than 0.05
was considered statistically significant. All statistical
analyses were conducted using IBM SPSS Statistics (Ver-
sion 22.0. Armonk, NY: IBM Corp.).

Results

The mean age of the 229 patients in the present study
was 76.75+6.52 years, and 73.5% of the participants
were female. The participants were initially divided into
two groups: an OH group and a control group, with 98
patients in the OH group comprised. Comorbidities such
as hypertension (HT) and diabetes mellitus (DM) were
found to be similar between the two groups (p>0.05). In
a comparison of the demographic characteristics of the
two groups, the age was found to be higher in the OH
group (p=0.045), the number of females and BMI levels
were higher in the control group than in the OH group
(p<0.05). Among the geriatric syndromes, malnutrition,
probable sarcopenia and frailty were significantly more
prevalent in the OH group than in the control group
(p<0.05), LDL-C levels were lower in the OH group
(p=0.027), HDL-C levels were comparable between
the two groups (p>0.05), and both the monocyte count
and MHR levels were higher in the OH group (p<0.05)
(Table 1). The OH group was subsequently subdivided
into two subgroups based on the presence or absence of
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Table 1 Comparison for demographic features, comorbities, geriatric syndromes, laboratory findings including MHR within all

subjects and OH group
OH (+) OH(-) p, value
n=98 n=131
All subjects Supine HT (+) Supine HT (-) p, value
n=98 n=62 n=36
Demographic features
Age (mean +sd) 77359 785+58 76.8+59 0.073 756+6.7 0.045
Gender (female;%) 653 64.8 66.7 0.079 786 0.025
Marital status (marriage;%) 49.0 549 333 0.150 443 0.377
Education year 5[0] 5[0] 5[0] 0.500 5[0] 0327
(med [IQR]
BMI (kg/mz;meanirsd) 25.7+48 26.2+49 24744 0.080 276+53 0.044
Smoking history (%) 41.8 380 519 0.092 30.5 0.077
Comorbidities (%)
Hypertension 714 71.8 704 0.898 74.0 0.659
Diabetes mellitus 36.7 36.6 37.0 0.968 35.1 0.800
Geriatric Syndromes (%)
Recurrent falls 49.0 43.7 530 0.072 389 0.129
Urinary incontinence 62.2 66.2 57.1 0410 60.3 0.766
Malnutrition 449 394 59.3 0.027 32.1 0.047
Frailty 480 40.8 66.7 0.006 336 0.028
Probable sarcopenia 54.1 52.1 593 0.061 389 0.023
Polypharmacy 65.3 66.0 74.1 0436 61.1 0511
Dementia 265 282 222 0.546 214 0.363
Laboratory findings*
Hemoglobin (g/dL) 123413 123412 124411 0.996 124+14 0974
Leucocyte (*1 03/uL) 7.1[34] 7.1[3.6] 6.8[2.6] 0.183 6.9[2.7] 0.084
Monocyte (*1 0*/uL) 0.6[0.2] 0.6[03] 0.6[0.2] 0.036 0.5[0.2] 0.033
Glucose (mg/dL) 104[25.5] 106[23] 101[47.5] 0338 108[37] 0.994
CRP (mg/L) 3[4.5] 3[4.7] 3[4.9] 0.142 3[2.7] 0.138
Total cholesterol (mg/dL) 21001473 21184525 2052+29.8 0.195 220.6+458 0.090
Triglyceride (mg/dL) 140.5+£77.2 140.6+79.8 1403716 0422 128.7+58.1 0.189
HDL-C (mg/dL) 56.7+158 559+16.1 586+14.9 0.684 57.0+12.1 0.877
LDL-C (mg/dL) 12704375 129.8+40.6 119.5+26.8 0.043 138.2+384 0.027
MHR 10.6[8.9] 11.1010.3] 10.2[4.1] 0.041 9.7[5.8] 0.023
eGFR (mL/min/1.73 m?) 655+174 659+17.0 645+188 0.610 67.9+20.0 0.347
Albumin (g/dL) 40403 40402 40403 0.602 43+0.7 0314
Sodium (mmol/L) 139[3.5] 139[4] 137[5.2] 0453 138[4] 0.980
Potassium (mmol/L) 4.3[0.7] 4.4[0.6] 4.10.8] 0375 4.4[0.4) 0.078
Vitamin B12 (ng/L) 302[279.5] 287[309] 360.5[471] 0.167 256[285] 0.164
Folate (ug/L) 7.2[4.5] 8.1[5.2] 6.7[2.9] 0.293 74[3.9] 0474
Ferritin (ug/L) 39.3[60.2] 38[58.6] 39.1[66.6] 0.621 30.2[50] 0467
25-hydroxyvitamin d (ug/L) 19.4[169] 19[14.5] 22.7[18.7) 0630 17.8[15.6] 0.660

CRP C-reactive protein, eGFR Estimated glomerular filtration rate, HDL-C High-density lipoprotein cholesterol, IQR Interquartile range, med Median, LDL-C low-
density lipoprotein cholesterol, MHR Monocyte to high-density lipoprotein cholesterol ratio, OH Orthostatic hypotension, sd Standard deviation

*Normally-distributed variables is indicated with mean=SD. Not normally-distributed variables is shown as med [IQR]

p1: comparison for OH subgroups (supin hypertension and supin normotension) and control group

p2: comparison for OH group and control group

supine hypertension (HT), and the supine HT (+), supine
HT (-) and control groups were compared. No significant
differences were noted between the three groups in terms
of demographic characteristics and comorbidities. MHR
levels, and malnutrition and frailty frequencies were
observed to be significantly different between the three

groups (p<0.05). After the application of the Bonferroni
correction, it was determined that the MHR level was
higher only in the supine HT group when compared to
the control group (p <0.05) (Table 1).

An analysis of the correlation between postural blood
pressure changes and serum albumin, CRP and MHR
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Table 2 Correlation between postural blood pressure changes
and MHR, CRP and albumin level

ASBP ADBP

rho p value rho p value
MHR -0.141 0.033 -0.234 <0.001
CRP (mg/L) -0.086 0330 -0.094 0.284
Albumin (g/dL) 0.114 0.091 0.086 0.186

CRP: C-reactive protein; DBP: diastolic blood pressure; MHR: monocyte to high-
density lipoprotein cholesterol ratio; rho: correlation coefficient; SBP: systolic
blood pressure

ASBP: Subtracting the systolic blood pressure in the supine position from the
systolic blood pressure in the standing position

ADBP: Subtracting the diastolic blood pressure in the supine position from the
diastolic blood pressure in the standing position

levels revealed that the changes in both SBP and DBP
were correlated with MHR (rho: -0.141, p=0.033 and
rho: -0.234, p<0.05, respectively), but not with serum
albumin and CRP (Table 2).

In a ROC curve calculated to determine the MHR cut-
off value for the presence of OH, the area under the curve
(AUC) was measured as 0.588 (p=0.023), while a cut-off
value of 9.28 was identified for MHR in the OH group,
with 60% sensitivity and 51% specificity (Fig. 1).

In a binomial regression analysis revealed between
MHR and OH, the unadjusted odds ratio (OR) for MHR
in the presence of OH was 1.08 (95% CI 1.02-1.14;
p=0.007). After the adjustment based on Model 1, the
OR was determined as 1.11 (95% CI 1.01-1.21; p=0.019),
while adjustment based on Model 2 produced an OR
of 1.09 (95% CI 1.00-1.20; p=0.045). In a multinomial
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regression analysis examining the relationship between
those with and without supine HT using the control
group as the reference, no relationship was found in the
supine HT (-) group, while a significant relationship was
observed in the supine HT group in Model 2 (OR 1.1,
95% CI 1.01-1.22; p=0.033) when compared to the con-
trol group (Table 3).

Discussion

This study has demonstrated that MHR values may be
independently associated with OH, and further, that the
supine HT identified in patients diagnosed with OH may
be associated with MHR when adjusting for confounding
factors.

OH stands out as a cardinal sign of cardiovascular auto-
nomic dysfunction, and is particularly notable as a clini-
cal finding, being indicative of sympathetic insufficiency
[1]. Its frequency increases with age, with factors such as
age-related physiological changes, elevated blood pres-
sure, reduction in volume, medications that disrupt cir-
culatory homeostasis, immobility, autonomic failure and
increased frequencies of neurodegenerative diseases all
having been linked to OH in older adults [17]. Although
the reported prevalence of OH varies between studies, its
frequency ranges from 12% to 60% in older adults admit-
ted to hospitals as outpatients [18]. In the present study,
the frequency of OH was found to be 40%, in line with
the findings reported in literature.

OH represents a significant risk in older adults due
to its potential to contribute to cardiovascular events,
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Table 3 Logistic regression analysis of the relationship between the presence of MHR and the paitents with OH, supine hypertension

in the OH subgroup

Within all subjects*

Within OH group*

OH group vs. control group supine HT (+) Supine HT (-)

OR Cl95% pvalue OR Cl95% p value OR Cl95% p value
Unadjusted 1.08 1.02-1.14 0.007 1.08 1.01-1.14 0.011 1.07 0.99-1.16 0.074
Mode1 1 .11 1.01-1.21 0.019 .11 1.01-1.22 0.024 1.09 0.97-1.22 0121
Model 2 1.09 1.00-1.20 0.045 .11 1.01-1.22 0.033 1.05 0.93-1.19 0.363

* reference category: control group

Cl Confidence interval, HT Hypertension, OH Orthostatic hypotension, OR Odds ratio

Model 1: adjusted for age, gender, body mass index

Model 2: adjusted for Model 1 plus geriatric syndromes including malnutirition, frailty and sarcopenia

gait disorders, recurrent falls, impaired sleep qual-
ity, depression, stroke, renal failure, cognitive dysfunc-
tion and mortality [19-21]. Although OH is a common
disorder in older adults, it is often overlooked due to
its asymptomatic or atypical presentations. While mul-
tiple mechanisms contribute to its pathophysiology, the
most significant include decreased baroreceptor reflex
sensitivity, reduced alpha-1 adrenergic vasoconstrictor
response to sympathetic stimulation, diminished para-
sympathetic activity, reduced water and salt retention in
the kidney, atherosclerotic processes, decreased left ven-
tricular diastolic filling and vascular inflammation [1, 22,
23]. Risk factors for OH include aging, diabetes mellitus
(DM), hypertension (HT), carotid artery disease, stroke,
vasoactive drug use, atrial fibrillation and renal failure
[1]. It should be noted that all these risk factors can be
associated with inflammation. For instance, inflammag-
ing, characterized by the low-grade, chronic and sys-
temic inflammation associated with aging, can contribute
significantly to mortality and morbidity in older adults
[24]. Inflammation also plays a pivotal role in other risk
factors, particularly in such conditions as carotid artery
disease [25]. In this regard, considering the association
of these risk factors with OH, inflammation may play a
significant pathophysiological role in the development of
OH.

Monocytes are fundamental components of the innate
immune system, regulating the secretion of inflammatory
cytokines and participating in tissue remodeling, thereby
contributing to chronic inflammation and cardiovascular
events [26]. The activation of pattern recognition recep-
tors in monocytes within the vascular wall is a crucial
stage in the development of atherosclerosis [27]. Mono-
cytes play a pivotal role in all stages of atherosclerosis,
from the formation of foam cells to the eventual rupture
of plaques [7]. Elevated monocyte levels are thus a pri-
mary determinant of adverse events in atherosclerotic
diseases, which hold significant relevance in the patho-
physiology of OH [27]. Epidemiological evidence has
also demonstrated an association between monocyte
count and both cardiovascular and all-cause mortality

[28]. HDL-C prevents LDL oxidation in the vascular
wall, hinders monocyte infiltration into vascular tissues,
reduces monocyte activation through apoAl-mediated
CD11b inhibition, suppresses monocyte proliferation
and provides protection to endothelial cells, while also
preventing the expression of monocyte tissue factors by
inhibiting p38 activation and inositol phosphate kinase
activity [10, 29, 30]. HDL-C also enhances endothelial
function by upregulating the expression of endothelial
nitric oxide synthase (NOS) and reducing the expression
of adhesion molecules [31]. As a result of these factors,
MHR has as a recently emerged as a marker in the context
of inflammation and oxidative stress [32]. Previous stud-
ies have placed particular emphasis on the relationship
between MHR and preclinical markers of atherosclero-
sis [7]. For example, there are studies reporting a rela-
tionship between MHR and various conditions, such as
carotid intima-media thickness (CIMT), arterial stiffness
in diabetic patients, carotid plaque formation and pro-
gression, cerebral small vessel diseases, ischemic stroke
or transient ischemic attack, and atrial fibrillation [7, 10,
33-35]. While there are limited studies focusing on MHR
in the over-65 age group, MHR has been demonstrated to
be associated with peripheral artery disease and carotid
plaques in older adults [27, 32]. MHR has been shown to
have superior value than high-sensitivity CRP and fibrin-
ogen-to-albumin ratio for the prediction of carotid artery
stenosis — a condition that plays a pivotal role in the eti-
ology of OH [6]. Similarly, in the present study, a positive
correlation was identified between MHR and reductions
in both systolic and diastolic blood pressure. Addition-
ally, while MHR levels in the OH group differed signifi-
cantly from those of the control group, no significant
differences were observed in CRP and albumin levels. In
other words, MHR may have greater predictive value for
changes in orthostatic blood pressure than both CRP and
albumin. Although the ROC analysis showed a statisti-
cally significant AUC (0.588), the discriminatory perfor-
mance of MHR was modest, with limited sensitivity and
specificity. Therefore, MHR should not be interpreted
as a standalone diagnostic marker for OH. Rather, the
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ROC analysis was performed for exploratory purposes to
evaluate potential discriminatory capacity and to provide
a preliminary threshold for future research. The main
strength of our findings lies in the independent associa-
tion observed in multivariable regression models, sug-
gesting that MHR may reflect underlying inflammatory
mechanisms contributing to OH rather than serving as a
diagnostic tool.

There have been no studies to date analyzing the rela-
tionship between OH and MHR levels in older adults.
In a population-based study OH is reported to increase
the risk of myocardial infarction, stroke, heart failure and
mortality [36]. Similar to MHR, it can be considered a
reliable marker for predicting atherosclerosis, and there
is also a need for reliable cardiovascular biomarkers for
OH. Based on this premise, numerous proteomic mark-
ers have been investigated, among which, matrix metal-
loproteinase-7 (MMP-7) and T-cell immunoglobulin and
mucin domain-1 (TIM-1) have been found to be indepen-
dently associated with OH [36]. MMP-7 levels in particu-
lar may serve as a potential biomarker of cardiovascular
disease risk in patients with OH given the known asso-
ciations with atherosclerosis, coronary events and isch-
emic stroke [37]. In the present study elevated monocyte
levels were noted in the OH group, while a further study
reports that monocyte count and some monocyte sub-
types play an independent role in predicting cardiovascu-
lar disease [38]. TIM-1 has been shown to be associated
with carotid plaque formation, and contributes to ath-
erosclerosis by affecting efferocytosis and the adaptive
immune response [36, 39]. In particular, the monocyte
subtype Ly6c + can have a direct impact on efferocyto-
sis through toll-like receptors [40]. In this respect, it has
been demonstrated that vascular inflammation plays a
crucial role in the pathophysiology of OH, with mono-
cytes potentially contributing to this process. There have
also been studies directly investigating the significance of
inflammatory biomarkers in OH, and the inflammatory
pathway in OH may be a component of the underlying
pathological processes that lead to autonomic failure [41].
The immune system is known to modulate autonomic
activity, and inflammatory mediators in OH can serve as
a crucial guide for diagnosis and treatment. The inflam-
matory biomarkers that are elevated in patients diag-
nosed with OH include immunoglobulin-like transcript
3 (ILT-3), midkine (MK), and regenerating islet-derived
protein 4 (REG-4), among which, MK, in particular, facil-
itates endothelial cell proliferation, attracts inflammatory
cells to the vascular wall, and contributes to plaque for-
mation in atherosclerosis by inducing vascular stenosis
and neointima formation [42, 43]. Similar to monocytes
and MHR, MK also plays a vital role in atherosclerosis,
with comparable effects. ILT-3 is an immunoregulatory
protein that plays a crucial role in inducing immune
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tolerance, and is expressed in monocytes and antigen-
presenting cells [42, 44]. This suggests that monocytes
may directly participate in the pathophysiology of OH.
REG-4 is associated with such risks as severe atheroscle-
rosis, plaque stabilization, and coronary and cerebral vas-
cular events [42]. In other words, monocyte count and
MHR may have a significant direct or indirect effect on
the pathophysiology of OH. In support of these findings,
our study revealed both monocyte count and MHR to
be associated with OH, independent of any confounding
factors that may influence OH. Our study is the first to
establish a relationship between OH and MHR in older
adults. Although the observed odds ratios were numeri-
cally close to 1, it should be noted that MHR was ana-
lyzed as a continuous variable. The adjusted OR of 1.09
in Model 2 indicates a 9% increase in the odds of OH per
one-unit increment in MHR. Considering the wide range
of MHR values in our cohort, cumulative increases may
translate into clinically relevant risk differences. More-
over, given the multifactorial nature of OH, large effect
sizes would not be expected from a single inflammatory
marker. Therefore, the association should be interpreted
as modest but independent, reflecting a potential contri-
bution of inflammatory burden to the pathophysiology of
OH rather than a dominant causal determinant.

Supine HT is characterized by a paradoxical increase
in blood pressure upon assuming a supine position for
5 to 10 min, and is associated with end-organ damage
and cardiovascular outcomes in patients diagnosed with
OH, and has also been demonstrated to be associated
with cerebral oxygenation and cerebral autoregulation
impairments [45]. In patients with alpha-synucleinop-
athy, increased white matter hyperintensity, decreased
renal function and greater left ventricular hypertrophy
are associated with earlier cardiovascular events and an
increased risk of mortality [46]. The pathophysiology
of supine HT remains poorly understood, although it is
known to occur in the presence of increased systemic
vascular resistance and excessive sympathetic tone in
the supine position [47]. Supine HT is associated with
arterial stiffness — a factor well-known to be related to
MHR in diabetic patients [34, 45]. In the present study,
a relationship with MHR in the supine HT subgroup was
noted among patients with OH, regardless of confound-
ing factors. It is plausible that inflammation may also
contribute to supine HT, although further comprehensive
studies are necessary to substantiate this hypothesis.

This study has several strengths, primarily, being the
first study to reveal a relationship between OH and MHR
in older adults. Secondly, it is the first study to suggest a
relationship between supine HT and MHR, and thirdly,
it identifies these findings as independent of covari-
ates that may influence OH, including age. The present
study also has several limitations, the first of which is
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its retrospective and cross-sectional study design. Sec-
ond, the head-up tilt table test was not used, which is
more specific measurement of OH, although there have
been past studies identifying the active standing test as
a reliable and clinically easier alternative [48]. Third, the
baroreflex sensitivity score was not calculated. Fourth,
orthostatic blood pressure was assessed at a single visit,
and repeated measurements were not performed. Given
the variability of OH, this may have led to potential mis-
classification. Future studies with repeated orthostatic
assessments would provide more robust diagnostic
confirmation.

Conclusion

The present study demonstrates an independent associa-
tion between MHR and OH in older adults. MHR should
not be considered a substitute for orthostatic blood pres-
sure testing; rather, it may serve as a complementary
marker reflecting underlying inflammatory and vascular
burden. Given the known cardiovascular risks associated
with OH, MHR may provide additional insight into risk
stratification in geriatric practice. However, prospective
and longitudinal studies are required to determine its
clinical utility and predictive value.
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