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Background: Elevated homocysteine levels and late-life depression are risk factors for cognitive decline: a comparative study
highlighted the association of late-onset depression (LOD) with more significant cognitive deficits and brain pathology than early-
onset depression (EOD). Limited research has explored the possible interaction between homocysteine levels and their correlation
with cognitive performance in patients with EOD and LOD.

Methods: Fifty-seven individuals with EOD, 56 with LOD, and 89 matched healthy controls (HC) were recruited. Global cognition,
memory, execution, language, attention, visuospatial skills, and plasma homocysteine levels were examined.

Results: Compared with HC and patients with EOD, patients with LOD had higher plasma homocysteine levels (p <0.05), with no
significant difference between HC and patients with EOD (p>0.05). Furthermore, homocysteine levels and diagnosis groups
showed significant main effects on depression and cognition, with no significant interaction effects being observed. Additionally,
plasma homocysteine levels were negatively correlated with global cognition, attention, visuospatial skills, and executive function
in patients with LOD (p<0.05).

Conclusions: Compared with HC and patients with EOD, elevated homocysteine levels in patients with LOD were independently
associated with cognitive performance. The potential therapeutic efficacy of homocysteine-lowering B-vitamin supplementation
could be explored as a viable intervention to mitigate the documented debilitating effects of cognitive deficits in this population.
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1. Introduction

Late-life depression (LLD) is a pervasive and disabling men-
tal disorder, referring to a major depressive disorder occur-
ring in individuals aged 60 years and older. The prevalence
of LLD ranges from 4.6% to 9.3% [1], with more than half of
affected individuals (52%) exhibiting mild cognitive
impairment [2]. The association between depression and

cognitive impairment may stem from distinct mechanisms
in early-onset depression (EOD), characterized by the first
episode occurring before the age of 60, and late-onset depres-
sion (LOD), characterized by the first episode occurring after
the age of 60. Hypercortisolemia is implicated in linking
cognitive impairment to EOD, while vascular risk and white
matter (WM) hyperintensity are considered risk factors for
LOD [3]. Longitudinal studies have revealed that patients
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with LOD, but not those with EOD, are at a greater likeli-
hood of developing dementia and an increased risk of all-
cause mortality [4].

Homocysteine serves as a risk factor not only for stroke,
cerebral vasculature, and vascular dementia but also for degen-
erative dementias [5]. A recent statement [6] proposed
that homocysteine is a modifiable risk factor for cognitive
impairment and dementia. Studies suggest that the relative risk
of dementia in older adults with elevated homocysteine levels
ranges from 1.15 to 2.5, with the population-attributable risk
ranging from 4.3% to 31% [6]. Furthermore, clinical studies
have demonstrated that homocysteine-lowering therapy with
B vitamins significantly improves cognitive function in patients
with mild cognitive impairment [7].

Our previous studies established that patients with LLD
exhibit elevated plasma homocysteine levels, more pro-
nounced cognitive impairment, and increased WM damage
compared to elderly individuals without LLD [8]. Longitudi-
nal investigations have suggested that deficiencies in folate
and vitamin B (12), as well as elevated homocysteine levels,
may contribute to the risk of LLD [9]. Although the associa-
tion among LLD, homocysteine levels, and cognitive
impairment are well recognized, investigations of plasma
homocysteine levels in LOD patients, which are closely asso-
ciated with cognitive impairment, remain limited. Further-
more, given the differences in onset age between the EOD
and LOD subtypes, it remains uncertain whether they are
distinctly related to cognitive impairment and whether ele-
vated plasma homocysteine is correlated with specific cogni-
tive domain impairments in LOD.

This study aimed to investigate changes in plasma homo-
cysteine levels and their associations with cognitive function
in normal elderly individuals and those with EOD and LOD
patients. We hypothesized that (1) plasma homocysteine
levels would be greater in LOD patients than in both normal
elderly individuals and the patients with EOD and (2) elevated
homocysteine levels are linked to cognitive impairment, par-
ticularly in memory function, in LOD patients.

2. Methods

2.1. Participants. A total of 57 participants who were diag-
nosed with EOD and 56 with LOD were enrolled from the
Affiliated Brain Hospital of Guangzhou Medical University,
along with 89 age-matched healthy controls (HC) recruited
from communities in Guangzhou. All participants or their
legal guardians provided informed consent before participat-
ing in the study. The Ethics Committees of the Affiliated
Brain Hospital of Guangzhou Medical University granted
approval for the present study (no. 2014-016).

The inclusion criteria for LLD patients were as follows:
(1) aged >60 years and (2) diagnosed with a major depressive
disorder based on the criteria outlined in the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition. The
exclusion criteria, as previously detailed [10], included (1) a
history of other major mental illnesses; (2) a history of
schizophrenia or bipolar disorder; (3) recent transcranial
magnetic stimulation or electroconvulsive treatment within
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the past month; (4) neurological disorders, such as brain
tumor and stroke; and (5) physical disorders, such as hypothy-
roidism and anemia, known to induce emotional disturbances.
HC individuals were cognitively intact individuals without a
history of depression.

2.2. Neuropsychological Assessments. An experienced psy-
chologist performed the standardized cognitive evaluation.
Global cognition was measured using the mini-mental state
examination (MMSE) [11]. Fiveneuropsychological tests were
used to evaluate the following cognitive domain functions: (1)
memory function, evaluated by the Rey—Osterrieth complex
figure (ROCF)-delay recall test [12] and auditory verbal learn-
ing test (AVLT) [13], (2) executive function, tested by the time
of Part B of the trail-making test (TMT-B) [14] and (Stroop
color word test [SCWT])-C [15], (3) language function, eval-
uated by the verbal fluency test (VFT) [16] and Boston nam-
ing test (BNT) [17], (4) attention function, tested by the
symbol digit modalities test (SDMT) [18] and TMT-A [14],
and (5) visuospatial skill, assessed by the clock drawing test 4
(CDT4) [19] and ROCEF [12]. Depressive symptoms were
measured using the 17-item Hamilton depression rating scale
(HAMD-17).

2.3. Plasma Homocysteine Concentration Measurements.
Previous studies have detailed the homocysteine measure-
ment procedure [10]. Plasma homocysteine concentrations
were assessed employing an enzyme cycling assay conducted
by automated analyzers (AU5800 testers, Beckman Coulter,
Brea, CA). All samples were analyzed by a research assistant
blinded to the subjects’ status. Participants with homocyste-
ine values >12.9 ymol/l, which corresponds to the two-thirds
point in the dataset, were categorized into the high homo-
cysteine (HighHCY) group. In comparison, those with
homocysteine values <12.9 umol/l were classified into the
low homocysteine (LowHCY) group.

2.4. Statistical Analysis. The data were analyzed using the
Statistical Package for the Social Sciences version 25.0 (SPSS
25.0) and the R statistical software (v 3.7.0). The Kolmogorov—
Smirnov test was used to detect the normality of the variable
distribution. Two-tailed chi-square tests were employed for
between-group analysis of gender composition. One-way anal-
ysis of variance (ANOVA) was utilized to compare plasma
homocysteine levels, years of education, age at the onset of
the first depressive episode, duration of depression, and
neuropsychological assessments across two or three groups.
Post hoc least significant difference tests were applied for
multiple comparisons in the one-way ANOVA. For the
difference in homocysteine levels between HC, the patients
with EOD, and the patients with LOD, 2x3 ANCOVA
(homocysteine levels X diagnosis group) was performed to
control confounding factors, with each depression and
cognition index as the dependent variable and homocysteine
levels and diagnosis group as fixed factors. The main effects of
homocysteine level, diagnosis group, and homocysteine level x
diagnosis group interaction were determined in each model. A
partial correlation analysis was performed to investigate the
association between homocysteine levels and cognitive
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characteristics in HC, patients with EOD, and patients with
LOD, controlling for age, sex, years of education, HAMD-17
scores, age at first depressive episode, and duration of
depression.

For result robustness, we conducted additional nonpara-
metric tests using the Kruskal-Wallis test for three-group
comparisons. General linear models were used to assess the
main effects of homocysteine level, diagnosis group, and
their interaction. Spearman correlation analysis of associa-
tions between cognition and plasma homocysteine levels
among the HC, EOD, and LOD groups.

3. Results

3.1. Demographic Data, Cognitive Function, and Plasma
Homocysteine Levels. The demographic data for the various
groups are presented in Table 1. Participants in the LOD
group were older and had elevated plasma homocysteine
levels compared to those in the HC and EOD groups
(p<0.05), with no significant differences observed between
the HC and EOD groups. Patients in the EOD group exhib-
ited a longer duration of depression than did those in the
LOD group. Both the EOD and LOD groups exhibited
poorer global cognition, memory, attention, and executive
function than did the HC group (p<0.05), with no signifi-
cant difference observed between the EOD and LOD groups
(p>0.05) (Table 1).

Due to the nonnormal distributions of certain variables,
including variables such as age at first depressive episode
onset, duration of depression, HAMD-17 score, homocyste-
ine levels, MMSE score, ROCF scores (including delay
recall), SCWT-C time, TMT-B time, TMT-A time, and
CDT score, we used the Kruskal-Wallis test for three-group
comparison. The main results from these nonparametric
tests were consistent with those from the parametric tests
(Table S1).

3.2. Depression and Cognitive Performance Associated With
Different Homocysteine Levels. Table 2 shows the distribu-
tions of participants across groups based on homocysteine
levels. In the HC group, 64 participants had low levels, and
25 had elevated levels. For the EOD group, 42 participants
had low levels, while 15 had elevated levels. The LOD group
included 25 participants with low levels and 31 with elevated
levels.

As shown in Table 2, 2x3 ANCOVA (homocysteine
levels X diagnosis group) demonstrated that homocysteine
levels exhibited significant main effects on the age at the first
depressive episode, global cognition, memory, attention, and
language function (all p values after Bonferroni <0.05), with-
out significant impact on the duration of depression and
depression (HAMD) (all p values after Bonferroni > 0.05).
The diagnosis group exhibited significant main effects on
depression and cognitive function (all p values after Bonfer-
roni <0.05), except for the age at the first depressive episode
(p=0.408), which was not significantly affected. However,
the homocysteine levels and diagnosis group had no signifi-
cant interaction effect on depression or cognitive function
(all p values > 0.05).

To ensure result stability, the Mann—Whitney U test and
a general linear model were used to confirm the results of the
2% 3 ANOVA. The main results from these nonparametric
tests were consistent with those from the parametric tests
(Tables S2 and S3). Interestingly, the general linear model
further revealed that homocysteine level and diagnosis group
had an interaction effect on language function (BNT scores)
(p =0.025, uncorrected).

3.3. Relationships Between Cognition and Plasma Homocysteine
Levels. Table 3 summarizes the significant associations between
plasma homocysteine levels and neuropsychological scale scores.
In the LOD group, global cognition (MMSE scores), executive
function (1/SCWT-C time), attention (SMDT scores), and
visuospatial skills (ROCF and CDT scores) were negatively cor-
related with plasma homocysteine levels (p<0.05). Conversely,
no significant associations existed between cognition and
plasma homocysteine levels in the HC and EOD groups. Addi-
tionally, Spearman correlation analysis revealed that only global
cognition (MMSE scores) exhibited a negative correlation with
plasma homocysteine levels in the LOD group (Table S4).

4. Discussion

This study is the first investigation to investigate changes in
plasma homocysteine levels and their relationships with
depression and cognition in healthy elderly individuals, the
patients with EOD, and the patients with LOD. The key find-
ings were as follows: First, patients with LOD exhibited
greater plasma homocysteine levels than healthy elderly indi-
viduals and EOD patients (p<0.05), with no significant dif-
ference between healthy elderly individuals and EOD patients
(p>0.05). Second, the homocysteine levels and diagnosis
groups showed significant main effects on depression and
cognition, with no significant interaction effects observed.
Third, plasma homocysteine levels were negatively correlated
with global cognition, attention, visuospatial skills, and exec-
utive function in patients with LOD (p<0.05).

As expected, patients with LOD exhibited increased
plasma homocysteine levels compared to HC and the
patients with EOD, suggesting an increased risk of cerebro-
vascular diseases or degenerative dementias. This finding
aligns with previous research demonstrating that elevated
homocysteine is a recognized risk factor for cerebrovascular
diseases, stroke, and vascular dementia [20]. Furthermore,
compared with EOD, LOD is more closely associated with
vascular risk factors and WM hyperintensity [21]. Previous
research has also demonstrated that the interplay between
elevated homocysteine levels and WM abnormalities exacer-
bates cognitive impairment severity [10]. Additionally, ele-
vated homocysteine has been identified as an independent
risk factor for Alzheimer’s disease (AD) [22] and is linked to
faster cognitive deterioration[23]. A positive correlation
between homocysteine and Af 1-40 deposition in the brains
of AD patients has been reported [24]. Homocysteine is
thought to induce or potentiate the intracellular and extra-
cellular accumulation of Af 1-42 [25] and seems to be
involved in tau protein metabolism [26]. Our study further
supports the notion that LOD patients are at an elevated risk
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TasLe 3: The correlation between cognition and plasma homocysteine levels in participants (covariant: age, sex, years of education,
HAMD-17 scores, age at first depressive episode, and duration of depression).

HC (n=89) EOD (n=57) LOD (n=56)
Variables
r 4 r )4 r P

Global cognition

MMSE -0.13 0.237 -0.21 0.144 —0.55 <0.001**
Memory

AVLT N1-N5 total —0.02 0.885 -0.18 0.216 —0.10 0.513

ROCE-delay recall 0.02 0.874 —0.11 0.429 —-0.24 0.092
Executive function

1/SCWT-C time 0.07 0.551 0.10 0.494 —0.30 0.037*

1/TMT-B time —0.10 0.938 —0.21 0.139 —-0.24 0.088
Attention

SMDT 0.09 0.431 -0.27 0.058 —0.30 0.034*

1/TMT-A time 0.04 0.693 —0.15 0.305 —0.25 0.080
Language

BNT 0.10 0.384 0.06 0.691 —0.09 0.519

VET -0.07 0.518 0.06 0.656 -0.23 0.103
Visuospatial skill

ROCF 0.01 0.910 -0.18 0.205 -0.33 0.020*

CDT 0.01 0.942 —-0.05 0.704 —0.34 0.017*

Abbreviations: AVLT, auditory verbal learning test; BN'T, Boston naming test; CDT, clock drawing test; EOD, early-onset depression; LOD, late-onset
depression; MMSE, mini-mental state examination; ROCF, Rey—Osterrieth complex figure; SCWT, Stroop color word test; SDMT, symbol digit modalities

test; TMT, trail making test; VFT, verbal fluency test.
*p<0.05, **p<0.01.

of both vascular diseases and progressive degenerative
dementia.

This study revealed a correlation between plasma homo-
cysteine levels and global cognitive function in LOD patients
but not in healthy elderly individuals or EOD patients. Pre-
vious reviews have reported that plasma homocysteine con-
centrations are greater in patients with moderate-to-severe
dementia than in those with mild cognitive impairment and
dementia [27]. The present study suggested that elevated
plasma homocysteine levels are associated with cognitive
impairment in LOD patients. The anatomic-functional rele-
vance of homocysteine may help to elucidate the mechan-
isms by which homocysteine is associated with cognitive
impairment. Some studies have shown that subjects with
higher homocysteine levels exhibit atrophy in the frontal,
parietal, and temporal cortex [28], WM damage [8], and
hippocampal atrophy [29]. Our findings confirm the strong
association between homocysteine levels and cognitive func-
tion, suggesting that homocysteine levels may indicate cog-
nitive performance in LOD patients.

Furthermore, the association between plasma homocyste-
ine levels and cognitive impairment, particularly in the atten-
tion domain (SMDT score), was solely observed in the LOD
group and not in the EOD group, potentially due to the small
sample size. Although EOD patients exhibited a similar trend
to LOD, the p-value did not reach <0.05 (e.g., p=0.058 for
the correlation between homocysteine and SMDT score).
Previous studies have not extensively explored the impact of
homocysteine on each domain of cognitive function in LOD
patients. Our study supports the findings of [30, 31], revealing

negative correlations between homocysteine levels and atten-
tion span in older people. This finding underscores the poten-
tial therapeutic value of homocysteine-reduced B-vitamin
supplementation, particularly in addressing cognitive deficits
related to attention domains in LOD patients.

The intricate relationship between plasma homocysteine
levels and depression was also investigated. Our previous
study indicated that elevated homocysteine levels and LLD
were associated with worse cognitive performance [10]. Fur-
thermore, longitudinal studies have shown that higher base-
line homocysteine levels are associated with an increased risk
of incident depression at follow-up [9]. This complex inter-
action may be explained by the role of homocysteine as an
endogenous agonist of the N-methyl-D-aspartate (NMDA)
receptor, a component of the glutamate receptor system.
Disruptions in glutaminergic transmission are known to
occur in depression, and NMDA antagonists are considered
potential therapeutic options for depression and cognitive
deficits [32]. However, further exploration is warranted to
fully understand the relationships among elevated homocys-
teine levels, depressive symptoms, and cognitive function.

5. Limitations

The current study has several limitations. First, the findings
are based on a cross-sectional analysis, and there is no direct
evidence regarding cerebrovascular disease or neurodegen-
eration in LOD patients. Follow-up studies are essential to
validate whether elevated homocysteine levels can predict
the development of cerebrovascular disease or cognitive
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dysfunction in individuals with LOD. Second, the study did not
assess factors influencing homocysteine levels, such as diet, phys-
ical activity, and lifestyle. Future research will incorporate an
examination of these factors. Third, the present study did not
exclude the potential influence of medication on LLD patients,
which may have impacted the results. Fourth, the limited size of
the EOD group in this study may have influenced the lack of
association between plasma homocysteine levels and cognitive
impairment. Future research with larger samples and longitudi-
nal designs will clarify plasma homocysteine level discrepancies
between EOD and LOD.

6. Conclusion

In conclusion, patients with LOD exhibit elevated plasma homo-
cysteine levels, which are linked to cognitive impairment. Plasma
homocysteine levels may be a straightforward and cost-effective
biomarker for predicting cerebrovascular disease or neurodegen-
eration in LOD patients. The use of homocysteine-reduced B-
vitamin supplementation could be explored as a potential thera-
peutic strategy to alleviate the disabling effects of cognitive def-
icits in patients with LOD.
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