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ABSTRACT

Background: The prevalence of dementia is increasing worldwide and with India experiencing an epidemiological
transition with increasing ageing population, the prevalence in India is expected to double by 2030 adding to the
already high burden of significant health care costs and caregiver fatigue. Indian population has a higher burden of
elevated homocysteine levels due to multiple factors. However, studies correlating the homocysteine levels and
severity of dementia in the Indian subcontinent is lacking. This study is aimed to analyse the diagnostic utility of
serum total homocysteine in dementia and to examine the association between serum total homocysteine levels and
severity of dementia.

Methods: This was a cross-sectional hospital-based study on patients attending neurology out-patient department
who satisfied the DSM-V criteria. Each participant underwent an interview of general health and function followed by
a standard assessment including medical history, physical and neurological examination as well as a
neuropsychological battery.

Results: A total of 30 patients fulfilling the DSM-Vcriteria for Dementia were included in the study. Increasing S.
Homocysteine levels were associated with lower neuropsychological compound scores with MMSE score of
20.784+2.98 and ACE-3 score of 77.40+5.60 in patients with Serum Homocysteine less than 22 Umoles/L and
18.85+2.50 and 75.55+5.06 respectively in patients with serum homocysteine levels above 22 Umoles/L. However,
there was no statistically significant correlation between neurocognitive scores and serum homocysteine levels (p
value 0.06 for MMSE and 0.19 for ACE-3). Also, no correlation was found between severity of dementia and serum
homocysteine levels with p>0.05 and Pearson’s correlation coefficient r=0.06.

Conclusions: This study shows no significant association between serum total homocysteine levels and severity of
dementia. Thus, the association of homocysteine as an independent risk factor with the diagnosis and severity of
dementia needs to be re-evaluated as it might undermine the multiple mechanisms underlying the pathogenesis of
dementia.
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INTRODUCTION

Dementia is a disease of the elderly, which exhibits
progressive loss of memory and other cognitive faculties
leading to impairment of daily activities. It has become a
public health priority by imparting remarkable health care
costs along with significant caregiver burden. The

diagnosis of Major Neurocognitive Disorder or Dementia
according to Diagnostic and Statistical Manual of Mental
Disorders-Vth edition (DSM-V) requires substantial
impairment to be present in one or more cognitive
domains, sufficient to interfere with independence in day
to day activities.! The prevalence of dementia is
increasing worldwide, rising exponentially with age and
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doubling every five years after the age of 65. India is
witnessing an epidemiological transition with an increase
in the aging population. It is estimated that out of the 70
million senior citizens in our country, around four million
are affected by dementia and these numbers are expected
to double by 2030.2

Many hypotheses have been put forward regarding the
etiopathogenic mechanisms in Alzheimer’s disease. In
addition to the amyloid hypothesis, the wvascular
hypothesis has emerged as an alternative in the
pathophysiology of Alzheimer’s disease. Vascular
pathology plays a significant role in the development and
progression of Alzheimer’s disease and the risk of
developing the disease is enhanced by the vascular risk
factors. Cardiovascular risk factors may accelerate the
risk of cognitive decline by diminishing cerebral blood
flow resulting in capillary hypoperfusion and accelerated
production of [-amyloid. These factors eventually
culminate in neuronal dysfunction.®#

One of the important risk factors for cerebrovascular and
cardiovascular diseases is hyperhomocysteinemia.>®
Elevated serum homocysteine levels have been attributed
for neurotoxicity along with vascular lesions in
Alzheimer’s disease.” Various cross-sectional studies
have reported that hyperhomocysteinemia was associated
with a greater prevalence of cognitive deficits and
dementia.”® Homocysteine has been suggested as a
diagnostic marker for Alzheimer’s disease lately.

When compared to the western population, our
population has a higher burden of elevated homocysteine
levels due to multiple factors. This may be one of the
elements responsible for an increased incidence of
cerebrovascular disease.’

Several studies have been conducted in other countries to
study the correlation between dementia and homocysteine
levels. Such a study among Indians is lacking. The
objective of the present study was to examine the
association between serum total homocysteine levels and
severity of dementia in a sub set of Indian population

METHODS

This was a cross-sectional hospital-based study. Patients
attending neurology out-patient department who satisfied
the DSM-V criteria of Dementia were included. Each
participant underwent an interview of general health and
function followed by a standard assessment. This
included medical history, physical and neurological
examination as well as a neuropsychological battery.
Baseline data was collected from 2019 through 2021.

Diagnosis of dementia
Dementia was diagnosed by a consensus of neurologists,

neuropsychologists and psychiatrist based on the criteria
of Diagnostic and Statistical Manual of Mental Disorders,

fifth edition. Consistent with the standard criteria,
patients diagnosed with dementia were required to have:
memory complaint; objective impairment in at least one
cognitive domain based on the average of the scores on
the neuropsychological measures within that domain and
a 1.5-SD cut off using normative corrections for age,
years of education, ethnicity, sex and impaired activities
of daily living.

Cognitive measures

The battery of cognitive tests administered to the subjects
included Mini Mental State Examination (MMSE),
Addenbrooke’s cognitive examination III and Clinical
Dementia Rating Scale.

Laboratory tests

Baseline investigations included complete blood counts,
erythrocyte sedimentation rate (ESR), renal parameters,
fasting glucose and glycosylated haemoglobin (HbALC).
In addition, C- reactive protein (CRP), Triglycerides
(TGL), Low Density Lipoprotein (LDL), High Density
Lipoprotein (HDL), Thyroid stimulating hormone (TSH),
Folic acid, and Vitamin B12 levels were obtained.

For Total serum homocysteine levels,10 mL fasting blood
sample was collected in EDTA- coated vial between 8
and 9 am after 12 h fasting. Blood sample was
centrifuged at 10,000 rpm for 10 min and plasma was
separated. The sample was preserved at -400C till
analysed. Total plasma homocysteine was estimated by
enzymatic assay using Roche/Hitachi cobas c¢311
analyser.

MRI brain

Cranial MRI scanning was performed in all participants
with 3-Tesla scanner. Four high- resolution axial
sequences were obtained: T1-weighted sequence, proton
density—weighted sequence, fluid-attenuated inversion
recovery sequence, and T2-weighted gradient echo
sequence. No contrast material was administered.

Neuroimaging features of cerebral small vessel disease
were analysed and the ¢cSVD sum score was arrived
according to the STandards for Reporting Vascular
changes on nEuroimaging (STRIVE).X® The presence of
four MRI markers (white matter hyperintensities, lacunes,
cerebral microbleeds, and perivascular spaces; range, 0—
4) were used in deriving this score individually.

Duplex ultrasonography

Using a 7.5 MHz linear array transducer and a duplex
scanner, carotid arterial systems on both sides were
examined for the presence of plaques. The presence of
plague was defined as localized echo structure(s)
encroaching into the arterial lumen of at least 50% of the
surrounding Intima-media thickness value.'* Plaque score
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(PS) was rated as grade 0 for normal or without plaque, 1
point for one small plaque with diameter stenosis <30%,
2 points for one medium plaque with 30-49% diameter
stenosis or multiple small plaques, 3 points for one large
plaque with 50-99% diameter stenosis or multiple
plaques with >1 medium plaques, and 4 points for 100%
occlusion.*?

Statistical package for social sciences (SPSSO version
15.0 for windows was used for the testing of data. The
confidence interval and significance level for this study
was considered 95% and p<0.05 respectively. Two-talled
t-test was performed for comparing samples and arriving
at p-values (95% confidence level). Two factor ANOVA
was used to compare multiple samples. All correlation
between variables are based on Pearson’s correlation
coefficients.

Ethical consideration

The research has been authorized by the Institutional
Ethical Committee of JSS Medical College.

RESULTS
Demographic and clinical data

A total of 30 patients diagnosed with dementia, satisfying
the inclusion criteria were included in this study. Among
these 30 patients, 21 (70%) were males and 9 (30%) were
females. Mean age of the patients was 70.67+4.4 years,
with the youngest patient being 62 years and the oldest
being 78 years of age. The average duration of illness
among patients was 22.4+6.41 months. 16(53.33%)
patients were found to be hypertensives and 15(50%)
patients were diabetics on treatment. Eight subjects
(26.67%) were found to have both diabetes and
hypertension.

The mean MMSE score was 19.47+2.71 in our study
population. Mean ACE-3 score was 76.17+5.13. The
mean CDRS-SOB score was 6.78+2.66. The mean cVSD
score across our study population was 2.33+0.94. Carotid
intimal medial thickness was 0.47+0.23mm. Plaque score
was 2.03+0.835.

Correlation of homocysteine levels with cognitive and
neuroimaging scores

Mean serum homocysteine level was 27.36+9.53
Umoles/L which is slightly above the normal range (6-22
Umoles/L). Patients with a higher serum homocysteine
level were more likely to be men, older and active
smokers as compared to those with a lower serum
homocysteine level. The mean values of systolic and
diastolic blood pressure were 140.80+17.69 mmHg and
90.80+8.34 mmHg respectively in subjects whose
homocysteine levels were below 22 Umoles/L. Mean
systolic and diastolic blood pressure were 132.30+20.88

mmHg and 86.90+10.69 mmHg in second group whose
homocysteine was above 22 Umoles/L.

Table 1: Baseline characteristics of the study
population.

Characteristics
Socio demographic factors

Mean (SD) Range

Age, years 70.67+4.4 62-78
Male (n) 21
Female (n) 9

. <10 years:22;
Education (n) >10 years:8
Hypertension (n) 16, (M:11, F:5)
Diabetes Mellitus (n) 15, (M:7 F:8)
HTN and DM (n) 8 (M:3 F:5)
Active smokers (n) 14 (M:14, F:0)
SBP (mmHg) 135.13+19.64
DBP (mmHg) 88.2+9.83
Cognitive functions
MMSE 19.47£2.71 15-24
ACE -3 76.17+5.13 65-84
CDRS-SOB 6.78+2.66 3-12
Neuroimaging and doppler
CSVD Score 2.33+0.942 1-4
CIMT (mm) 0.47+0.23 0.12-0.9
Plaque Score 2.03+0.835 1-4

Biochemical test

10.51+1.228 7-12.5
36.06+12.46 22-64

Haemoglobin (mg/dl)
S. Urea (mg/dl)

S. Creatinine (mg/dl) 0.95+0.24 0.6-1.4

T. Cholesterol (mg/dl) 170.2+34.32 123-263
HDL (mg/dl) 59.9+17.35 27-94
LDL (mg/dl) 94.06+31.14  44-165
TGL (mg/dl) 117.83+28.69  80-188
(SU:‘;’IT;;’/CE’)“E'”" 27364053  12-46

267.9%£162.29

S. Vitamin B12 (pg/ml) 7 112-812
S. Folic acid(hg/ml) 15.56+5.9 3.5-30.1
HbAlc 7.11+1.16 5.7-10.3

This was not statistically significant. The mean values of
serum vitamin B12 and folic acid was lower in the group
B but were not statistically significant with a p value of
0.08 and 0.06 as shown in Table 2.

Increasing S. Homocysteine levels were associated with
lower neuropsychological compound scores. We found
that MMSE was 20.78+2.98 in group A and 18.85+2.50
in group B with a p value of 0.06. ACE-3 scores across
the group were higher in the second group with a p value
of 0.19.
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We found no significant differences in ¢cSVD (cerebral
Small Vessel Disease) score, plague score and CIMT
(Carotid Intima-Media Thickness) between the groups.

Serum Homocysteine Levels vs. VIT
1000 B12
800 °
o~ o
©
€ 600 ®
E
8 400 o o
> = \o‘\ -2 @
200 APl g %
| ' 4 0’ o"ﬂN'
0
0 20 40 60
Serum Homocysteine Levels

Figure 1: Correlation of Vitamin B12 levels and
Serum Homocysteine levels. The correlation
coefficient is -0.37 and p<0.05.
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Figure 2: Correlation of Folic acid levels and Serum
Homocysteine levels. The correlation coefficient is -
0.35 and p<0.05.

We observed that there was small inverse correlation of
systolic blood pressure and diastolic blood pressure with
serum homocysteine levels exhibiting r value of -0.27
and -0.31 respectively. There was medium correlation
between vitamin B12 levels, serum folic acid and serum
homocysteine levels with r value of -0.37 and -0.35
respectively. There was no correlation between
neurocognitive scores and serum homocysteine levels.
cSVD score, plaque score and CIMT score also had weak
correlation with serum homocysteine levels.

Correlation of severity of dementia with cognitive
scores, neuroimaging scores, homocysteine levels, folic
acid levels and serum vitamin B12 levels

We observed that with increasing severity of dementia as
reflected with the CDRS-SOB score, there was
significant decline in neurocognitive scores like MMSE
and ACE-3 scores with a p<0.001. We also found that
low scores in cognitive domains like visuospatial,
memory and language correlated well with the severity of
dementia with p<0.001. However, in our study no
significant difference of serum homocysteine, serum
vitamin B12 levels, folic acid levels were observed
between the groups as shown in Table 3.
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Figure 3: Correlation of Systolic Blood Pressure and
Serum Homocysteine levels. The correlation
coefficient is -0.27 and p<0.05.
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Figure 4: Correlation of Diastolic Blood Pressure and
Serum Homocysteine levels. The correlation
coefficient is -0.31 and p<0.05.

Neuroimaging scores revealed that plaque score was
significantly higher in patients with severe dementia with
a p value of <0.05. However, cVSD score and CIMT
were not statistically significant.

There was strong negative correlation of MMSE and
ACE-3 scores with CDRS-SOB scores with r value of -
0.69 and -0.71 respectively. Memory, fluency and
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visuospatial components of ACE-3 had a strong
correlation with CDRS-SOB scores with r value of -0.7, -
0.62 and -0.48 respectively. No correlation was found
between serum homocysteine levels and severity of

dementia. Plague score demonstrated a weak negative
correlation with CDRS-SOB score with r value of -0.25.
There was no correlation between cVSD and CIMT with
CDRS-SOB score.

Table 2: Comparison between normal and elevated serum homocysteine levels.

Serum homocysteinelevels

r (Pearson’s

Characteristics Group A (<22)
N 10
Hypertension 6 (60%)
Diabetes mellitus 3 (30%)
Active smoking 5 (50%)

Age, years 68.70+3.86
SBP, mmHg 140.80+17.69
DBP, mmHg 90.80+8.34
MMSE 20.70£2.98
ACE-3 77.40+5.60
CDRS-SOB 6.65+3.38
CVSD score 2.60+0.84
Plague score 2.20+1.03
CIMT 0.484+0.284
S. Homocysteine

(Umoles/L) 16.20+2.53

T. Cholesterol (mg/dl) 170.90+38.24
HbAlc 6.84+1.13

S. VitaminB12 (pg/dl)  333.50+178.61
S. Folic acid (ng/dI) 18.1246.32

Group B (>22) Correlation
20

10 (50%)

12 (60%)

9 (45%)

71.65+4.53 0.04 0.20
132.30£20.88 0.13 -0.27
86.90+10.69 0.14 -0.31
18.85+2.50 0.06 -0.21
75.5545.06 0.19 -0.15
6.85+2.40 0.43 0.06
2.20+1.01 0.13 -0.27
1.95+0.76 0.25 -0.23
0.456+0.212 0.66 -0.03
32.95+6.10 <0.001 X
169.85+33.25 0.47 0.01
7.24+1.19 0.19 -0.03
235.10+151.92  0.08 -0.37
14.29+5.57 0.06 -0.35

Table 3: Comparison between groups with increasing severity of dementia.

CDRS score
Characteristics

r (Pearson’s

N 10 15

Age 69.6 72.57
Males/females 8/2 9/6
Hypertension 5 8

Diabetes mellitus 4 9

Active smoking 6 6

SBP 136.4+21 134.4+21.1
DBP 88+8.9 88.4+11
MMSE 22.6+1.07 17.73+1.87
ACE-3 80.3+2.98 75.93+£3.86
Attention 14.5+1.08 13.33+1.11
Memory 18.9+0.99 16.53+1.41
Fluency 11+0.67 9.87+0.83
Language 21.9+1.45 22.47+0.83
Visuospatial 13.6+£1.35 13.6+2.06
CVSD score 2.5+0.97 2.2+1.01
CIMT 0.42+0.19 0.48+0.26
Plaque score 2.5+0.85 1.67£0.72
S. Homocysteine 25548.03  28.87+10.80

(Umoles/l)
S.Vitamin B12 (pg/dl)
S. Folic acid (ng/dl)

13.66+5.56 15.01+5.43

275.9+199.54 247.73+163.75

F value P value Correlation
5
66.8 -0.09
4/1
3
2
2
134.8+18.4 0.03 0.97 0.01
88+11 0.005 0.99 0.07
18.4+1.82 27.71 <0.001 -0.69
68.6+3.36 18.49 <0.001 -0.71
13.8+1.48 3.00 0.07 -0.20
15+1.73 16.44 <0.001 -0.71
9+1.22 10.23 <0.001 -0.62
20.6+1.52 4.68 0.02 -0.23
9.8+0.84 10.30 <0.001 -0.48
2.4+0.89 0.29 0.75 -0.10
0.52+0.26 0.30 0.74 0.16
2.2+0.84 3.51 0.04 -0.25
26.6+9.37 0.37 0.69 0.06
312.4+99.77 0.29 0.75 0.05
21.06+6.41 3.02 0.06 0.39
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Figure 5: Correlation of MMSE and CDRS score. The
correlation coefficient is -0.69 and p<0.001.

CDRS Score vs. Memory
25
20
I~ . .
15 o¥--ae 3 ®
> Wi A
] 10 88. O. ~e
£
-
5
0
0 5 10 15
CDRS Score

Figure 6: Correlation of Memory score on ACE-3 and
CDRS score. The correlation coefficient is -0.71 and

p<0.001.
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Figure 7: Correlation of Fluency score on ACE-3 and
CDRS score. The correlation coefficient is -0.62 and
p<0.001.
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Figure 8: Correlation of Visuospatial score on ACE-3
and CDRS score. The correlation coefficient is -0.48

and p<0.001.
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Figure 9: Correlation of Plaque score and CDRS
score. The correlation coefficient is -0.25 and p<0.05.

DISCUSSION

Correlation of homocysteine levels with cognitive and
neuroimaging scores

This study was conducted to investigate the correlation of
homocysteine levels with severity of dementia. Although
the correlations of homocysteine with cognitive functions
have been previously investigated, there have been very
few studies in the Indian subcontinent. The results of
previous studies are discordant, but most of the studies
demonstrated that high homocysteine levels correlated
with decreased cognitive functions.’34 Several plausible
biological mechanisms may explain the relationship
between total homocysteine levels and cognitive
function. Brain damage by homocysteine can be
attributed to multiple mechanisms such as disturbed
protein methylation, promotion of calcium influx, and tau
protein accumulation, all contributing to apoptosis and
neuronal death.®

Contrarily, several studies have shown weak or no
correlation between homocysteine levels and cognitive
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decline. In the prospective community based study of
elderly subjects by Kalmijn et al, there was no significant
association of elevated homocysteine levels with
cognitive impairment which is similar to our study.
Ariogul et al also found no significant relation between
the cognitive functions and serum homocysteine levels.'’
In a study by Chen et al, the exposure response
relationship between serum homocysteine levels and
dementia was not found at the low end of serum
homocysteine levels but only within range of relatively
high concentration showing a non-linear association.®
This could be another plausible explanation for the lack
of statistically significant correlation between serum
homocysteine levels and dementia in our study.

Cerebral small vessel disease (cSVD) primarily affects
the small perforating arteries, which perfuse the deep
brain structures, the meningeal space, and the white
matter.*® ¢SVD progression leads to subcortical vascular
dementia, one of the most frequent forms of degenerative
disorders. Its role in Alzheimer’s Disease pathology is
under intense research.?%2! In our study we found that
elevated homocysteine levels did not show a correlation
with cVSD and major atherosclerotic disease. Gunstad et
al also found no significant association between
homocysteine levels and ¢cSVD.? Our study being cross
sectional with a single homocysteine level of dementia
patients collected at baseline, could be a possible
limitation to evaluate a relationship  between
homocysteine levels and cSVD.

In our study there was weak correlation of homocysteine
levels with plaque score and CIMT. Li et al also
concluded in their study among rural population in China
that there was no significant correlation between elevated
homocysteine level and carotid atherosclerosis.?® In a sub
study of VITAmins TO Prevent Stroke (VITATOPS) trial
and Atherosclerosis and Folic Acid Supplementation
Trial (ASFAST), there was no significant difference in
CIMT by Vitamin B complex and Folic acid
supplementation respectively.?*? These findings show
that the role of homocysteine in cardiovascular events
and atherosclerosis may be overvalued. These results
coupled with our data suggest that homocysteine may not
have significant effect on carotid atherosclerosis.

We found an inverse correlation between blood pressure
and serum homocysteine levels which was similar to the
study conducted by Sundstorm et al.?® We also found an
inverse correlation of serum vitamin B12 levels and
serum folic acid levels with serum homocysteine levels
which has been demonstrated in earlier studies by
Sadeghian et al and Raina et al.?"?8

Correlation of severity of dementia with cognitive
scores, heuroimaging scores and homocysteine levels

We concluded that higher CDRS-SOB score was
associated with lower cognitive scores such as MMSE
and ACE-3 similar to study conducted by Takenoshita et

al.® Quental et al reported lower scores on visuospatial,
memory and language functions among patients with
higher CDRD-SOB scores which we also observed in our
study.%°

We found that cSVD score did not correlate with the
severity of dementia. Although multiple studies have
shown significant association between cVSD score and
dementia, there is a dearth of study assessing the linear
relationship between cVSD and severity of dementia.3!-32
Large sample based, prospective studies are in need for
the same.

In our study no significant difference of homocysteine is
seen across the various groups with increasing severity of
dementia as indicated by increasing CDRS scores. In a
longitudinal study by Clarke et al, they noted that serum
homocysteine levels did not increase as dementia
worsened.” Several other studies have also noticed that
homocysteine lowering therapies did not show any
clinically significant benefit in cognitive impairment.34-36
Hence, the role of serum homocysteine as an independent
risk factor in the progression of dementia is still
questionable.

Vascular risk factors and cardiovascular diseases are
associated with vascular dementia as well as Alzheimer’s
disease. Vascular risk factors accelerate atherosclerosis,
which in turn is associated with an increased risk for
dementia.®” In our study we found a correlation between
severity of dementia and plaque score similar to the study
conducted by Oijen et al.*” Similarly, in the Tromsg
study, the average plaque scores were associated with
lower scores in all cognitive tests.® A study of
ultrasound-based  strain  imaging and  cognition
assessment conducted on both symptomatic and
asymptomatic carotid atherosclerosis patients illustrated
that the presence of carotid plaque had a strong
relationship with cognitive decline.

The strength of this study is that it is a novel one
conducted on the elderly population in South India.
Further prospective studies with a large sample size are
needed to confirm the association between homocysteine
levels and cognitive dysfunction.

CONCLUSION

Dementia is a complex disease which is caused by an
interplay of various genetic and environmental risk
factors. We conclude that the association of
homocysteine as an independent risk factor with the
diagnosis and severity of dementia needs to be re-
evaluated as this greatly undermines the multiple
mechanisms underlying the pathogenesis of dementia.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee
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