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Increased level of serum asymmetric
dimethylarginine in individuals with more
severe cognitive impairment, as evaluated
using Montreal Cognitive Assessment instead
of Mini-Mental State Examination

Lei Liu'", Jia-Xin Guan'", Zhi-Qiang Song', Qiang Gao', Su-Jun Cheng', Zhao-Qi Yan? and Ying Fan'"

Abstract

Background This study aimed to explore the link between cognitive impairment and levels of asymmetric
dimethylarginine (ADMA).

Methods The study included 172 patients from the Department of Geriatrics and Neurology at the Second Affiliated
Hospital of Harbin Medical University. The enrollment period spanned from October 2013 to July 2014. To assess
their cognitive function, we used the Mini-Mental State Examination (MMSE) and the Montreal Cognitive Assessment
(MoCA). Additionally, automatic biochemical analyzers were employed to measure various biochemical blood
indexes, while enzyme-linked immunosorbent assay was used to determine the serum ADMA concentrations.

Results The participants were categorized into four groups based on the MMSE scale, which reflects cognition
(higher scores indicating better cognitive function), and five groups based on the MoCA scale, which also measures
cognition (higher scores indicating better cognitive function). Various factors were analyzed for their statistical
significance in relation to different cognitive impairment groups determined by each scale. Regarding the MoCA
scale, the following factors were found to be statistically significant: Age (P=0.0001), systolic blood pressure
(P=0.0261), ALT (P=0.0104), AST (P=0.0106), endogenous creatinine clearance (P=0.0006), and serum ADMA
concentration (P=0.0383). For the MMSE scale, the following factors showed statistical significance: Age (P=0.0008),
ALT (P=0.0002), AST (P=0.0088), CRP (P=0.0407), and endogenous creatinine clearance (P=0.0027). Interestingly, as
the scores on the MoCA scale decreased, the serum ADMA concentration increased (P=0.0383), but this trend was not
observed in the groups classified based on the MMSE scale (P> 0.05).
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Conclusion The level of sensitivity measured by the MoCA scale indicated the presence of initial cognitive
dysfunction. The extent of cognitive impairment showed a direct correlation with ADMA levels, indirectly implying a
connection between impaired endothelial function and cognitive dysfunction.

Keywords ADMA, Cognitive impairment, Endothelial function, MMSE, MoCA

Background

Earlier research has demonstrated that alterations in the
activity of brain microvascular endothelial cells are indi-
rectly linked to reduced blood flow in the brain’s small
blood vessels, which contributes to the primary develop-
ment of leukoaraiosis. Vascular endothelial dysfunction
[1, 2] plays a role in this process, as it heightens the per-
meability of the blood-brain barrier and contributes to
cognitive decline. Nitric oxide (NO), a significant vaso-
active mediator produced by vascular endothelial cells
[3] and synthesized through the catalysis of L-arginine
(L-Arg) by the nitric oxide synthase (NOS) family, plays a
critical role in modulating cerebral blood flow and inhib-
iting the proliferation of vascular smooth muscle cells.
Asymmetric dimethylarginine (ADMA), an endogenous
NOS inhibitor produced by endothelial cells, competes
with L-Arg to bind to the active site of NOS, reducing the
production of vasoactive NO. This results in endothelial
dysfunction and vasoconstriction, and our prior stud-
ies have shown that ADMA is positively associated with
leukoaraiosis [4—6]. Consequently, vascular endothelial
dysfunction leads to increased blood-brain barrier per-
meability, further promoting cognitive impairment. A
strong correlation has been observed between mild cog-
nitive impairment, diagnosed using the Montreal Cogni-
tive Assessment (MoCA) scale [7], and leukoaraiosis [6].
Possible causes of cognitive impairment include the pro-
liferation of smooth muscle cells in the vascular wall and
disruptions in cerebral blood flow regulation.

Theoretical cognitive deficits encompass various chal-
lenges in memory, visuospatial abilities, executive func-
tion, and numeracy, alongside conditions such as aphasia,
apraxia, agnosia, mild cognitive impairment, and demen-
tia. These issues lead to a significant deterioration in the
individual’s overall quality of life. Currently, the assess-
ment of cognitive impairment is commonly performed
using the Mini-Mental State Examination (MMSE) and
MoCA scales [7, 8]. Each scale serves a distinct and
important purpose. The MMSE primarily focuses on
memory and language function, temporal orientation,
attention, item naming, word expression, immediate
and delayed recall, and sentence repetition. It shows low
sensitivity but high specificity. On the other hand, the
MoCA places emphasis on executive function, number
span, animal naming, language fluency, delayed recall,
and abstract memory, exhibiting high retest reliability,
internal consistency, high sensitivity, and low specificity.

Nonetheless, the early stages of cognitive impairment
remain inconspicuous, making it challenging to detect.
However, in recent times, there has been significant
interest in studying the potential risk factors that con-
tribute to cognitive impairment [9, 10]. MoCA is a better
measure of cognitive function due to lack of ceiling effect
and with good detection of cognitive heterogeneity. MCI
prevalence is higher using MoCA compared to MMSE.
Both tools identify concordantly modifiable factors for
MCI, which provide important evidence for establish-
ing intervention measures [11]. This heightened focus
on risk factors aims to facilitate early intervention and
prevention strategies. The objective of this study was to
assess ADMA concentrations and compare potential risk
factors associated with cognitive impairment, thereby
enhancing the prospects of preventing, diagnosing, and
treating cognitive decline.

Materials and methods

Participants

Patients meeting the criteria for eligibility were enrolled
from the Department of Geriatrics and Neurology at the
Second Affiliated Hospital of Harbin Medical University
during the period spanning October 2013 to July 2014.
The inclusion criteria encompassed conscious individuals
with unimpaired hearing and vision, lacking any paralysis
and exhibiting independent behavior. The exclusion cri-
teria encompassed the following conditions: individuals
who were currently using hormones, angiotensin-con-
verting enzyme inhibitors, hypoglycemic agents, statins,
or other medications for a duration exceeding 2 weeks, as
these could potentially impact serum ADMA concentra-
tions prior to recruitment; patients with acute coronary
syndrome, acute cerebral infarction, cerebral hemor-
rhage, epilepsy, normal intracranial pressure hydroceph-
alus, intracranial tumor, or traumatic brain injury; those
with hypothyroidism, severe heart, lung, liver, or severe
kidney disorders which are defined as endogenous creati-
nine clearance rate is less than 15 m/min/1.73m?); indi-
viduals with central nervous system infection, carbon
monoxide poisoning, immune system diseases, or radia-
tion encephalopathy.

The ethics committee of Second Affiliated Hospital of
Harbin Medical University granted approval for the study
(No.: KY2016-177). All participants willingly agreed to
take part in the research and provided written informed
consent.
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Cognitive function evaluation

In a serene and cozy setting, free from any external dis-
turbances, all patients underwent the MMSE and MoCA
(Beijing version). The previously reported threshold of
26 was used for assessment. Based on their MMSE and
MoCA scores, participants were classified into distinct
cognitive categories.

MMSE

The scale primarily examines memory and language abili-
ties while neglecting evaluations of executive function,
visual spatial skills, and abstract reasoning. It places par-
ticular emphasis on immediate memory. The scale shows
low sensitivity but high specificity. The grading system
ranges from O to 30 points, with higher scores indicat-
ing better cognitive performance. An additional point
is added if the education level is <12 years [12, 13]. Par-
ticipants’ scores are used to categorize them into four
groups: those scoring 27-30 are considered normal,
25-26 fall into level 1, 22-24 into level 2, and 0-21 into
level 3.

MoCA

The focus of the scale centers around memory retention,
with particular attention to assessing cognitive abilities
and attention span over time. The scale demonstrates
high sensitivity and test-retest reliability, as well as inter-
nal consistency. It uses a grading system with a maximum
score of 30 points, where higher scores indicate better
cognitive function. An additional point is added if the
education level is <12 years. To account for variations in
dementia severity across different countries and regions,
participants were categorized into five groups based on
their scores: scores>26 were classified as the normal
group, scores of 22 to 25 as level 1, scores of 19 to 21 as
level 2, scores of 14 to 18 as level 3, and scores of 0 to13
as level 4.

General data collection

Information concerning the age, education, gender,
history of coronary heart disease, diabetes, and other
relevant factors of the patients was gathered and docu-
mented. Additionally, the height (in meters), weight (in
kilograms), and body mass index (BMI) were assessed for
all patients. Systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were measured using a validated
cuff sphygmomanometer, and two readings were taken
at 5-minute intervals, with the average of these two read-
ings recorded.

Blood index collection

The fasting plasma glucose (FPG) levels were assessed
using the oxidase method. Low-density lipoprotein cho-
lesterol (LDL) was directly measured. Total cholesterol
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(TC) was analyzed using enzyme colorimetry, while tri-
glyceride (TG) levels were determined through colorim-
etry. CRP was measured by nephelometry, and alanine
aminotransferase (ALT) as well as aspartate aminotrans-
ferase (AST) were assessed using colorimetry. BUN was
evaluated with an enzymatic test, and Cr was measured
through colorimetry on a Hitachi 7600 automatic bio-
chemical analyzer. The white blood cells (WBC) were
quantified using the flow plus electrical impedance
method and detected on the XE5000 automatic flow
cytometer.

Serum ADMA assay

All individuals provided a blood sample of 5 ml, which
was collected into a coagulation tube. The tubes were
then subjected to centrifugation at 3000 r/min for 20 min
within 2 h. After centrifugation, the resulting supernatant
serum was carefully extracted using a sterile pipette and
transferred to sterile EP tubes. Subsequently, the samples
were stored at -80 C for preservation.

The concentration of ADMA in each group of partici-
pants was assessed using enzyme-linked immunosor-
bent assay (ELISA) at -80 ‘C using a refrigerated setup.
The ELISA measurements for ADMA concentrations
were performed with the help of a kit from Rapidbio Inc.,
USA, following the manufacturer’s instructions, and the
quantification was carried out based on the optical den-
sity at 450 nm.

Statistical analysis

SAS 9.4 statistical software was employed to perform
the statistical analyses. The counting data were tested for
normality by Shapiro Wilk test. Depending on the nor-
mal distribution of the data, descriptive statistics were
reported as mean *standard deviation or median (P25,
P75). To compare groups, either analysis of variance or
Kruskal-Wallis H test was used, and pair comparisons
were conducted using the LSD-T test. Univariate and
multivariate linear regression were applied to identify the
influencing factors of ADMA, with significant variables
from the univariate analysis being included in the mul-
tivariate regression. To explore the relationship between
ADMA and MMSE and MoCA, Spearman’s rank correla-
tion was employed.

Results

We enrolled 172 patients based on the inclusion and
exclusion criteria. A summary of the characteristics of all
enrolled subjects can be found in Table 1. The correlation
between cognitive function scores and ADMA concen-
tration can be summarized as follows: When ADMA con-
centration is lower, endothelial function is less impaired,
and cognitive function is better. This is evident in Fig. 1,
where a higher adjusted MMSE score is associated with
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Table 1 Demographics and baseline characteristics

Variable X =+ S or M(IQR) or n(%)
Age 65(59-75)
Sex(male/female) 99(57.56) / 73(42.44)
Education level (y)(=12) 144(83.72) 28(16.28)
Hypertension 114(66.28)
Coronary heart disease 66(38.37)

Diabetes mellitus 34(19.77)

Smoking 80(46.51)

Drinking 70(40.7)

Stroke or cerebral infarction 87(50.58)
Hypohepatia 12(6.98)

Renal dysfunction 15(8.72)

Thyroid dysfunction 12(6.98)

Family history of dementia 19(11.05)

Other family history 83(48.26)

Hight(cm) 165(160-170)
Weight(kg) 66.63+11.51
SBP(mmHg) 140(130-150)
DBP(mmHg) 85(80-91)
Glu(mmol/L) 5.6(5.03-6.95)
TG(mmol/L) 1.37(1.02-2.06)
T-CH(mmol/L) 4.5(4.01-5.27)
LDL-C(mmol/L) 29(2.33-341)
HDL-C(mmol/L) 1.14(0.96-1.38)
BUN(mmol/L) 5.74(4.74-6.93)
Cr(umol/L) 80.85(66.5-92.5)
ALT(U/L) 17(12-24)

AST(U/L) 16(13-21.5)

WBC (10/1) 7.1(5.9-83)
CRP(mg/L) 1.79(0.98-4.62)

ADMA concentration(umol/L)

53.85(42.28-61.87)

GFR(mI/min) 64.51(37.65-94.23)
Ccr(ml/min) 72.07+23.89
MMSE score 24(21-26)

MoCA score 17.11+557
Adjustive MMSE (Based on education) 25(22-27)
Adjustive MoCA (Based on education) 19(13.5-21.5)

Abbreviations SBP, systolic blood pressure; DBP, diastolic blood pressure; Glu,
glucose; TG, triglyceride; T-CH, total cholesterol; LDL-C, low-density-lipoprotein;
HDL-C, high-density-lipoprotein; BUN, urea nitrogen; Cr, creatinine; ALT,
alanine transaminase; AST, aspartate aminotransferase; WBC, white blood cell
count; CRP, ¢ reactive protein; GFR, glomerular filtration rate; Ccr, endogenous
creatinine clearance rate

lower ADMA concentration. Similarly, in Fig. 2, a higher
MoCA score indicates better cognitive function, which
is also linked to lower ADMA concentration. Regres-
sion analysis in Table 2 further supports these findings,
revealing a negative correlation between ADMA concen-
tration and the adjusted MMSE and MoCA scores.

We investigated the impact of blood pressure, glucose,
and lipid levels on various cognitive functions, but no sig-
nificant differences were observed (P> 0.05). On the other
hand, the effects of liver and kidney function, as well as
inflammatory reaction, were also examined concerning
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Fig. 1 Scatter plot of the relationship between MMSE score and ADMA
concentration
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Fig. 2 Scatter plot of the relationship between MoCA score and ADMA
concentration

Table 2 Relationship between ADMA concentration and
cognitive function score

Variable Parameter  stan- OR value P
estimation  dard
error
MMSE score -04130 0.2137 -1.9321 0.0550
MoCA score -04780 0.1725 -2.7753 0.0061"
Adjustive MMSE -04351 0.2185 -1.9911 0.0481"
Adjustive MoCA -0.512 0.1765 -2.8908 0.0043"

Note (regression analysis) * means P<0.05, and the effect of the variable on
ADMA is statistically significant

cognitive function. Statistically significant differences
were found in endogenous creatinine clearance rate
(P=0.0027), ALT (P=0.0002), AST (P=0.0088), and CRP
(P=0.0407). However, there was no notable difference
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in serum ADMA concentration among the participants
based on their MMSE scores (P>0.05) (Table 3).

Various aspects of cognitive function were examined
in relation to blood pressure, glucose, and lipid levels at
different degrees. There were notable differences in sys-
tolic blood pressure (P=0.0261). Additionally, the impact

Table 3 Comparison of indicators in different MMSE score groups
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of liver and kidney function and inflammatory reactions
on cognitive function at varying degrees was observed.
Notably, there were significant statistical differences in
endogenous creatinine clearance rate (P=0.0006), ALT
(P=0.0104), and AST (P=0.0106) among different cogni-
tive function groups. According to the MoCA score, the

Variable 1(n=62) 2(n=37) 3(n=31) 4(n=42) X2/F P

Age ly, (P25, P75)] 62(56,69) 73(64,78)° 68(59,77)° 69.5(59,76)* 16.6141 0.0008"
Sex(M/F) 32/30 19/19 21/10 27/15 3.5748 03112
Education level > 12y (n, %) 51(82.26) 34(91.89) 26(83.87) 33(78.57) 27276 04356
Hypertension (n, %) 39(62.9) 25(67.57) 20(64.52) 30(71.43) 0.8850 0.8290
History of Coronary heart disease 24(38.71) 15(40.54) 12(38.71) 15(35.71) 0.2035 0.9770
(n, %)

History of Diabetes mellitus 4(6.45) 12(32.43)? 6(19.35) 12(28.57)° 12.7295 0.0053"
(n, %)

History of Smoking 29(46.77) 17(45.95) 16(51.61) 18(42.86) 0.5562 0.9064
(n, %)

History of Drinking 22(35.48) 15(40.54) 16(51.61) 17(40.48) 2.2299 0.5261

(n, %)

History of Stroke or cerebral infarction  22(35.48) 20(54.05) 20(64.52) 25(59.52) 9.5838 0.0225"
(n, %)

History of Hypohepatia 6(9.68) 4(10.81) 0(0) 2(4.76) 0.2490
(n, %)

History of Renal dysfunction 4(6.45) 5(13.51) 2(6.45) 4(9.52) 0.6454
(n, %)

History of Thyroid dysfunction 4(6.45) 3(8.11) 2(6.45) 3(7.14) 1.0000
(n, %)

Family history of dementia 8(12.9) 2(541) 3(9.68) 6(14.29) 0.6065

(n, %)

Other family history 38(61.29) 11(29.73)° 18(58.06)° 16(38.1)° 12.2354 0.0066"
(n, %)

Hight [ cm, (P25, P75)] 164(160-170) 164(159-170) 167(162-170) 165(160-170) 23514 0.5027
Weight(kg) 67.82+11.86 63.32+13.76 6647+7.77 67.88+1091 14176 0.2394
SBP [mmHg, (P25, P75)] 140(130,149) 140(125,150) 148(135,160) 143(130,152) 6.7837 0.0791

DBP [mmHg, (P25, P75)] 80(79,90) 86(80,90) 90(80,93) 82.5(80,91) 29371 04014
Glu(mmol/L) 5.67(5.03-6.78) 5.3(5.01-6.43) 5.6(4.93-6.79) 5.73(5.2-7.05) 13578 0.7155

TG(mmol/L) 1.68(0.98-2.52) 1.41(1.05-2.05) 1. 18( -1.59) 1.38(0.98-1.97) 40099 0.2604
T-CH(mmol/L) 4.49(3.92-5.23) 4.89(3.79-5.38) 51(3.87-5.16) 4.43(4.11-5.18) 0.4909 0.9209
LDL-C(mmol/L) 2.88(2.3-3.3) 2. 94(2 46-3.44) 3. 07(2 21-3.78) 2. 84(2 47-3.28) 1.3651 0.7137
HDL-C(mmol/L) 1.14(0.94-1.39) 09(0.92-1.29) 1.09(0.89-1.36) 21(1.03-1.46) 3.8144 0.2822
BUN(mmol/L) 5.51(4.27-6.59) 5. 87(5 03-7.11) 5.81(5.01-6.91) 6. 03(4 79-7.15) 4.8004 0.1870
Cr(umol/L) 78.05(64-89.1) 82.6(70.5-101.7) 81.6(69.5-96.2) 80.7(67.9-86.6) 3.8094 0.2828
ALT(U/L) 18(13-26) 12(8-18)° 16(12-22)° 19.5(15-28)° 19.9436 0.0002"
AST(U/L) 17(13-23) 13(12-17)° 15(13-22) 185(15-23)° 11.6288 0.0088"
WBC (10%/L) 7.1(5.9-8.1) 7(6.2-9.2) 6.9(5.2-8.2) 7.25(6-8.1) 1.1415 0.7671

CRP(mg/L) 1.57(0.94-3.65) 2.68(1.43-6.07)° 1.56(0.67-3.27)° 2.03(0.81-6.35) 8.2707 0.0407"
ADMA concentration(umol/L) 50.15+12.81 5474+13.18 5285+134 5536+11.68 1.7428 0.1602
GFR(mI/min) 58.79(36.2-9433)  71.59(3852-93.32)  66.6(38.66-98.99) 63.2(34.09-89.7) 05184 0.9148
Cer(ml/min) 76.8(61.43-95.78)  58.11(39.54-76.48)* 70.21(51.79-8835)  75.13(61.12-85.78)°  14.1433 0.0027"
MMSE score (P25, P75) 27(26,28) 17(15,19)° 22(21,23)% 24(24,25)%¢ 155540 <0.0001"
MoCA score 21.18+3.7 10.38+3.79° 1535+3.92% 18.33+3.94°¢ 653297  <0.0001"
Adjustive MMSE 28(27,29) 18(16,20)° 23(22,24)® 25(25,26)¢ 159460  <0.0001"
(Based on education) (P25, P75)

Adjustive MoCA (Based on education)  22+3.54 11.3+3.74° 16.19+367% 19.12+3.74%¢ 69.9711 <0.0001"

Note compared with level 1 group, 2P<0.05; compared with level 2 group, P<0.05; compared with level 3 group, °P<0.05
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normal group exhibited the lowest serum ADMA con-
centration, while serum ADMA concentration levels in
groups 1-4 of MoCA score exhibited a gradual increase
(P=0.0383) (Table 4).

Analysis of influencing factors of ADMA

In the analysis of univariate linear regression, it was
observed that age (P=0.0005), a past medical history
of stroke or cerebral infarction (P=0.0219), and endog-
enous creatinine clearance (P=0.0228) were identified
as distinct risk factors for serum ADMA concentration.
The regression coefficients of age and stroke history or

Table 4 Comparison of indicators in different MoCA score groups
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cerebral infarction were found to have a positive corre-
lation with ADMA. However, no significant correlation
was observed among the other risk factors (P>0.05), as
depicted in Tables 5 and 6.

Discussion

In this study, we specifically selected factors potentially
linked to cognitive impairment.The results of the study
indicated that the risk factors varied among different
scale groups. Specifically, age, education level, systolic
blood pressure, ALT, AST, and endogenous creatinine
clearance showed an influence on cognitive impairment

Variable 1(n=62) 2(n=37) 3(n=31) 4(n=42) X2/F P Variable
Agely, (P25, P75)] 61.5(52,64) 73(63,80)° 70(62 76)? 62(56,74)° 62(56,65)° 243821 <00001"
Sex(male/female) 4(40)/6(60) 21(48.84)/22(51.16) 24(61.54)/15(38.46) 30(63.83)/17(36.17) 20(60.61)/13(39.39) 3.5748  0.4489
Education level (y)(=12) 6(60) 41(95.35)a 37(94 87 40(85.11) 20(60.61)bcd 249557 <0.000*
Hypertension 3(30) 31(72.09) 26(66.67 35(74.47) 9(57.58) 90705  005%
Coronary heart disease 4(40) 16(37.21) 12(30.77 22(46.81) 2(36.36) 24599 06518
Diabetes mellitus 0(0) 2(27.91) 7(17.95) 11(23.4) 4(12.12) 5.9498 0.2029
Smoking 2(20) 21(48.84) 16(41.03) 27(57.45) 14(42.42) 58712 0.2090
Drinking 4(40) 7(39.53) 15(38.46) 23(48.94) 11(33.33) 21702 07045
Stroke or cerebral 3(30) 25(58.14) 23(58.97) 24(51.06) 12(36.36) 6.4494 0.1680
infarction
Hypohepatia 3(30) 4(93) 2(5.13) 3(6.39) 0(0) - 0.0369*
Renal dysfunction 2(20) 5(11.63) 2(5.13) 2(4.26) 4(12.12) - 0.2932
Thyroid dysfunction 0(0) 4(9.3) 4(10.26) 12.13) 3(9.09) - 04567
Family history of dementia  1(10) 2(4.65) 5(12.82) 5(10.64) 6(18.18) -- 0.4205
Other family history 8(80) 13(30.23)a 19(48.72) 25(53.19)b 18(54.55)b 106144 0.0313*
Hight [ cm, (P25, P75)] 163.5(160,175) 165(158,170) 166(160-170) 165(160-170) 169(160-175) 66330  0.1566
Weight(kg) 60(58-75) 60(54-70) 69.5(60-71) 70(60-75) 70(60-75) 9.1741 0.0569
SBP [mmHg, (P25, P75)] 128(120,140)  140(121,150) 147(140,160)° 142(130,160)* 140(130,140)° 11.0435  0.0261"
DBP [mmHg, (P25, P75)] 80(78,90) 85(80,90) 90(80,91) 83(80,96) 80(80,90) 33197 05058
Glu(mmol/L) 563(5.23-5.78) 548(4.95-7.05) 5.35(4.93-6.57) 6. 43(5 08-7.93) 567(5.14-6.4) 44125 03530
TG(mmol/L) 134(093-18) 1.2(0.98-2.05) 1.14(0.94-1.94) 59(1.07-2.13) 14(1.14-2.16) 28574 05820
T-CH(mmol/L) 438(3.74-5.16) 4.95(3.92-539) 439(3.64-5.09) 442(4 07-4.85) 475(4.25-534) 43797 03571
LDL-C(mmol/L) 246(1.84-322) 3.07(2.48-3.6) 2.6(2.21-3.65) 2. 93<2 56-3.26) 2.89(2.58-3.36) 46499 03251
HDL-C(mmol/L) 1.1 8(0 87-1.66) 1.1(0.95-1.33) 1.1(0.88-1.38) 16(0.94-1.36) 1.16(1.04-1.38) 24658 06508
BUN(mmol/L) 501(421-559) 5.81(4.73-6.89) 5.73(4.76-6.97) 6.21(4.95-7.08) 501(4.34-7.15) 80485 00898
Cr(umol/L) 73. 3(55 9-844) 80(66.8-96.9) 84.4(69-96.4) 82.3(67.9-96) 73.6(64.7-89.1) 38055 04330
ALT(U/L) 195(16-35  12(8-20)° 18(12-23)° 19(13-26)° 17(14-25)° 131867 00104
AST(U/L) 20. 5( 5-30)  13(11-17)? 17(13-22)° 18(13-23)° 17(13-22)° 131339 00106
WBC (109/L) 15(4.1-8) 7(6.2-8.2) 74(56-8.2) 74(6.1-88) 6.7(5.8-8.2) 22924 06821
CRP(mg/L) 151(067-1.59) 2.28(1.39-4.95) 1.83(0.65-6.35) 2.35(0.94-4.85) 1.55(0.83-2.42) 71093 01302
ADMA 4365(36.17-  56.76(47.65-65.74)* 5849(42.94-66.13)7 5551(46.13-60.63) 47.9(37.93-57.63)° 10.1315  0.0383"
concentration(umol/L) 53.74)
GFR(mI/min) 52 61 (2456~  5823(37.75-82.17) 75.27(3539-96.12) 73.49(37.56-100.39) 62.75(37.98-97.35) 33183 05060
16)
Cer(ml/min) 832642228  61.72+22.7° 6846+21.15 74.26+217° 8332+26.25> 51816  0.0006"
MMSE score(P25, P75) 29.5(29,30) 8(15,22) 23( 1,25)% 25(24,27)%¢ 26(26,27)2°<4 103.030 <0.0001"
MoCA score(P25, P75) 26(25,28) 10(9,12)° 15(14,16)%° 19(18,20)%¢ 23(23,24)%°d 161.500 <0.0001"
Adjustive MMSE 30(29-30) 19(16-23)? 24(22- 26) 26(25-27)* 27(26-28)%0 963713 <0.0001"
(Based on years of 26.5(26-29) 1(10-13)° 16(15 20(19-21)¢ 24(23-25)20<d 162270 <0.0001"
schooling)

Note compared with level 1 group, 2P<0.05; compared with level 2 group, ®P<0.05; compared with level 3 group, °P<0.05; compared with level 4 group, 4P<0.05
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Table 5 Analysis of influencing factors of ADMA (univariate
linear regression)

Variable Parameter Stan- t P

estimation dard

error

Sex 0.9632 19816 04861 0.6275
Education level -1.5326 26522 -05779 0.5641
Hypertension 3.7184 20534 18109 0.0719
Coronary heart disease 1.3881 20126 0.6897 04913
Diabetes mellitus 0.3529 24608  0.1434 0.8862
Smoking -0.3953 19647 -0.2012 0.8408
Drinking -0.3196 1.9948 -0.1602 0.8729
Stroke or cerebral 44654 19301 23135 0.0219°
infarction
Hypohepatia -5.6961 3.8222 -1.4902 0.1380
Renal dysfunction -6.7434 34350 -1.9632 0.0513
Thyroid dysfunction 50154 38278 13102 0.1919
Family history of -1.4055 31247 -04498 0.6534
dementia
Other family history -0.7730 1.9604 -0.3943 0.6939
Age 0.3363 0.0949 35453 0.0005"
MMSE score -0.4130 02137 -1.9321 0.0550
MoCA score 04787 0.1725 -27753 0.0061"
Height -0.1310 01293 -1.0132 03124
Weight 0.0302 0.0854  0.3537 0.7240
SBP 0.0122 00543 0.2240 0.8230
DBP -0.0566 0.0924 -0.6123 05412
Glu 0.0025 04016  0.0063 0.9950
TG -0.6309 0.7256  -0.8695 0.3858
T-CH -0.5699 09476 -0.6015 0.5483
LDL-C -1.1090 1.2533 -0.8848 03775
HDL-C -0.0548 24519  -0.0223 0.9822
BUN 0.7722 04551 1.6969 0.0915
Cr 0.0408 00412 09917 03228
ALT -0.0151 0.0746 -0.2020 0.8402
AST -0.0699 0.1032 -0.6767 04995
WBC -0.4787 04200 -1.1398 0.2560
CRP 0.2962 02649 11182 0.2651
GFR 0.0038 00217 0.1760 0.8605
Cer -0.0931 0.0405 -2.2969 00228
Adjustive MMSE -0.4351 02185 -1.9911 00481
Adjustive MoCA -0.5102 0.1765 -2.8908 0.0043"

Note * represents P<0.05, the effect of variables on ADMA was statistically
significant

Table 6 Analysis of influencing factors of ADMA (multifactor
linear regression)

Variable Parameter Stan- F P
estimation dard
error
Intercept term 30.0370 6.3393 224508 <0.0001
Stroke or cerebral 3.7452 1.8879 39352 0.0489
infarction
Age 0.3148 0.0947 11.0522 0.0011
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as assessed by MoCA. It is known that ADMA is signifi-
cantly increased in End-stage renal disease, as well as in
progression of kidney failure and renal fibrosis [14—16].
After controlling for endogenous creatinine clearance, it
was observed that the serum ADMA concentration pro-
gressively rose as the MoCA score decreased. ON the
other hand, age, ALT, AST, CRP, and endogenous creati-
nine clearance were found to have an impact on cogni-
tive impairment as evaluated by MMSE. Nevertheless,
patients with cognitive impairment can be encouraged
to engage in cognitive activities and learning endeavors
to potentially slow down or prevent the occurrence of
cognitive decline. The results of this study also revealed
that when the risk factors were divided based on MoCA
and MMSE scores, there was a notable difference in liver
function between the groups (P<0.05). Surprisingly,
among individuals with low cognitive scores, aminotrans-
ferase levels were lower than expected. This unexpected
finding suggests that in these patients, liver cells may have
poor function and consequently release fewer enzymes,
while the unaffected liver cells exhibit normal function.
It is likely that more transaminase is released after liver
damage.In another study by Cie¢ko-Michalska et al.,
[17] which involved 138 patients, memory function was
assessed in patients with cirrhosis using a simple men-
tal state checklist. The findings revealed that compared
to normal individuals, patients with cirrhosis showed a
clear tendency towards memory errors. Consequently,
protecting liver function and regulating transaminase
levels could potentially slow down or prevent the occur-
rence of cognitive impairment. This results of this study
revealed significant variations in endogenous creatinine
clearance (P=0.002) among the groups based on MoCA
and MMSE scores. Generally, the body produces approx-
imately 300 pmol of ADMA within 24 h, with about 50
pumol of ADMA being eliminated through the kidneys
[15]. When glomerular filtration function declines,
leading to reduced endogenous creatinine clearance,
ADMA is not efficiently cleared through the kidneys.
Consequently, this reduces NO levels, causing endothe-
lial dysfunction and indirectly contributing to the onset
and progression of cognitive impairment [18]. Kurella et
al. further corroborated this by observing that patients
with chronic kidney disease exhibited significantly pro-
longed EEG latency, and as the EEG latency increased,
their cognitive scores declined. This observation also
provides indirect evidence that renal dysfunction can be
linked to the development of cognitive impairment [19].
ADMA has a unique inhibitory effect on endothelial NO
synthase, which can inhibit the impact of NO on vascular
dilation and endothelial function. By reducing cerebral
blood flow or exacerbating oxidative stress and inflam-
mation, it promotes the occurrence and development of
cerebral small-vessel diseases [20]. After controlling for
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age, gender, vascular risk factors, and creatinine clear-
ance, the number of lacunes is not significantly associ-
ated with ADMA levels, but the severity of white matter
hyperintensities is related to ADMA [21]. ADMA and
endothelial cells dysfunction play a significant role in the
early pathological development of CSVD [22]. Gao Qiang
et al. from our research group found ADMA are elevated
in SVD, and are associated with cognitive impairment in
patients with LA lesions [6].

In the current study, we observed notable distinctions
in systolic blood pressure across all groups, as indicated
by the MoCA score (P=0.0261). However, the MMSE
score did not display any significant differences, possibly
due to the limited sensitivity of MMSE in assessing cog-
nitive function. The relationship between systolic blood
pressure and cognitive score was depicted as an inverted
U-shaped curve. The inconsistency in the relationship
between SBP and cognitive dysfunction in the two scales
might be attributed to specific factors: Firstly, 62 patients
in the MMSE group were classified as normal, and the
overall mean SBP was 139.1+19.5 mmHg. This suggests
that MMSE may not be sufficiently sensitive to detect
mild cognitive impairment, and even when MoCA indi-
cates cognitive decline (score of 2 to 3), the MMSE score
may still be considered normal. Moreover, higher SBP in
these cases could lead to false negative results.

Epidemiological studies have demonstrated a correla-
tion between high blood pressure and dementia [23],
with a particular study in Europe on systolic hypertension
(Syst-Eur) showing a 55% reduction in dementia occur-
rence after two years of high blood pressure treatment.
However, the evidence for blood pressure treatment
reducing the incidence of vascular cognitive impair-
ment is inconclusive, as only 2 out of 32 patients with
new vascular dementia were diagnosed in that study [24].
Another study revealed that the relative risk of develop-
ing vascular dementia was approximately one-third lower
in the blood pressure treatment group compared to the
control group [25]. Furthermore, the hypertension in the
very elderly trial cognitive function assessment (HYVET-
COG), which involved Chinese participation, was a mul-
ticenter study. A meta-analysis of its results combined
with findings from three similar studies indicated that
lowering blood pressure could enhance the occurrence of
dementia [26].

A pooled data analysis indicated that a mild reduc-
tion in blood pressure (<5/3 mmHg, where 1 mm
Hg=0.133 kPa) was associated with improved MMSE
scores, as well as better immediate and delayed logical
recall [27]. These research outcomes collectively suggest
that antihypertensive treatment may potentially improve
cognitive function or help prevent cognitive decline, ulti-
mately reducing the risk of cognitive impairment. Previ-
ous research has indicated that cognitive decline is more
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pronounced in patients with higher levels of CRP in their
blood serum [28]. The reason for this could be the acti-
vation of the complement system, which may result in
dysfunction of the endothelial cells, alterations in cere-
brovascular structures, and disruption of subcortical
brain circuits, ultimately leading to cognitive issues [29].

In cerebrovascular diseases, elevated CRP levels may
hinder the growth of new blood vessels by reducing the
production of nitric oxide, encouraging the accumula-
tion of monocytes, promoting cell proliferation and vas-
cular smooth muscle migration, thereby contributing to
cognitive dysfunction [30]. Moreover, CRP may also have
detrimental effects on neurons, further exacerbating cog-
nitive impairment [31].

To mitigate the impact of the inflammatory response
and minimize its damage to the vascular endothelium, it
becomes crucial to promote the formation of new blood
vessels. By doing so, it would be possible to potentially
prevent or delay the onset of cognitive impairment.

The results of this study demonstrated significant dif-
ferences in serum ADMA concentration across all groups
based on MoCA scores (P=0.0383), with the serum
ADMA levels increasing gradually as the MoCA scores
decreased. Conversely, there was no notable difference in
serum ADMA concentration among groups categorized
by MMSE scores (P=0.1602). This may be attributed to
the fact that the average ADMA level among 62 normal
patients in the MMSE group was 50.15+12.81 umol/L,
which was higher than that of the MoCA1 group. As a
result, MMSE may not be sensitive enough to detect cog-
nitive impairment and fails to recognize mild cognitive
impairment. Consequently, cases with cognitive function
at the MoCA1 level may be labeled as normal MMSE,
even though their ADMA levels are elevated, leading to
no significant statistical difference among the groups.

In another clinical study, ADMA was administered
intravenously to healthy volunteers in a randomized,
double-blind, placebo-controlled manner. This led to a
significant reduction in cerebral perfusion and vascular
compliance compared to the placebo group, suggesting
that ADMA might play a role in the onset of demen-
tia [32]. Also there were notable statistical variances in
serum ADMA levels across all groups based on their
MoCA scores (P=0.0383). Moreover, it was observed
that the serum ADMA concentration progressively rose
as the MoCA score decreased.

In the serum of the groups categorized based on MMSE
score, ADMA, functioning as an internal inhibitor of
NOS, did not impede the production of NO. Moreover,
it did not trigger an elevation in the creation of harmful
oxygen free radicals, nor did it induce processes such as
platelet activation and aggregation [33], monocyte adhe-
sion [34], or acceleration of endothelial cell apoptosis,
which could potentially lead to endothelial dysfunction.
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The preservation of normal cerebral vascular endothelial
cells is crucial for maintaining the self-regulation func-
tion of cerebral blood flow and preserving the integrity of
the blood-brain barrier [35].

At present, the impairment of the blood-brain barrier,
dysregulation of cerebral blood flow autoregulation, and
chronic hypoperfusion are recognized as significant fac-
tors contributing to leukoencephalopathy, which leads
to cognitive dysfunction. White et al. [36] conducted a
study on effects of NOS inhibitors on cerebral blood flow
autoregulation and found that NO plays a role in regulat-
ing cerebral blood flow. When released, NO reduces the
self-regulation of damaged cerebral blood flow and may
slow down cerebral blood flow.

Corzo et al. [37] discovered that NO, mediated by
HDL-cholesterol, aids in slowing down the progres-
sion of dementia. The exact mechanism is not yet fully
understood, but it is suggested that HDL may stimulate
the activation of kinase cascade and calcium ion, lead-
ing to the formation of reactive astrocytes, which, in
turn, induces iNOS. Consequently, decreased NO levels
can exacerbate cerebral blood flow dysfunction, synaptic
destruction, and increase oxidative stress, indirectly pro-
moting the development of dementia.

The results indicate that endothelial dysfunction plays
a role in early cognitive impairment, but its effects may
only manifest in the late stages if MMSE criteria are met.
Therefore, endothelial dysfunction could be involved in
the development of cognitive impairment. The results
of the multivariate analysis revealed several indepen-
dent risk factors associated with serum ADMA con-
centration. These risk factors include age (P=0.0005),
stroke history (P=0.0219), and Ccr (creatinine clearance,
P=0.0228). Interestingly, we found that both age and
stroke history were positively correlated with other risk
factors (P>0.05). It is worth noting that other researchers
have previously suggested a connection between serum
ADMA concentration and various factors such as kid-
ney function, coronary heart disease, hypertension, and
stroke [38].

In addressing cognitive screening tools, the Mini-Men-
tal State Examination (MMSE) and the Montreal Cogni-
tive Assessment (MoCA) are the most commonly used
methods in cognitive impairment detection in both clini-
cal and research fields. MoCA is a better measure of cog-
nitive function due to lack of ceiling effect and with good
detection of cognitive heterogeneity. MCI prevalence
is higher using MoCA compared to MMSE. Both tools
identify concordantly modifiable factors for MCI, which
provide important evidence for establishing intervention
measures. So MoCA and MMSE were used to measure
the relationship between ADMA concentration and the
degree of cognitive impairment. MMSE reflecting ver-
bal episodic memory were less, and the influence was
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significantly related to the cultural level of the subjects.
The scale mainly focuses on memory and language func-
tion, and lacks assessment of executive function, visual
space, abstract thinking, etc. The emphasis is on instant
memory. Low sensitivity, high specificity.

In contrast, in the present study, we observed that
serum ADMA concentrations increased with age and his-
tory of stroke. However, unlike previous findings, we did
not detect a similar increase in ADMA concentrations in
relation to kidney function. We speculate that this dis-
crepancy may be due to the intricate interplay of mul-
tiple independent variables in their multifactor analysis.
Nonetheless, the results of this study support the notion
that elevated serum ADMA levels, which can result from
conditions like renal insufficiency, contribute to vascular
endothelial dysfunction and indirectly affect cognitive
function, aligning with findings of other studies [39, 40].

Conclusion

The MoCA scale gauges the susceptibility to early cogni-
tive impairment. In this study, there was a direct relation-
ship between ADMA levels and the extent of cognitive
impairment, suggesting that endothelial dysfunction and
cognitive impairment were positively linked. Moreover,
it was observed that systolic blood pressure contributed
to endothelial dysfunction and cognitive decline, follow-
ing an inverted U-shaped pattern. Based on the results
of this study, age, stroke history, and renal insufficiency
history were independent risk factors for serum ADMA
concentration. By safeguarding renal function, address-
ing atherosclerotic factors, and preventing strokes, it may
be possible to reduce endothelial dysfunction and conse-
quently lower the risk of cognitive impairment.
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