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Abstract

Patients with chronic obstructive pulmonary disease (COPD) often suffer from other conditions, such as cardiovascular
disease, that further increase the risk of adverse outcomes in this group. Serum homocysteine concentrations are positively
associated with cardiovascular risk and have also been reported to be increased in COPD. This meta-analysis investigated the
association between homocysteine concentrations and COPD. A systematic search of publications in the electronic databases
PubMed, Web of Science, Scopus, and Google Scholar, from inception to September 2021, was conducted using the following
terms: “Homocysteine” or “Hcy” and “Chronic Obstructive Pulmonary Disease” or “COPD”. Weighted mean differences
(WMDs) were calculated to evaluate differences in homocysteine concentrations between COPD patients and non-COPD
subjects. Risk of bias and certainty of evidence were assessed using the Joanna Briggs Institute Critical Appraisal Checklist
and GRADE, respectively. Nine studies in 432 COPD patients (mean age 65 years, 65% males) and 311 controls (mean age
65 years, 56% males) were identified. Pooled results showed that serum homocysteine concentrations were significantly
higher in patients with COPD (WMD =2.91 umol/L, 95% CI 2.00-3.82 umol/L; p < 0.001; high certainty of evidence). No
publication bias was observed. Our results support the hypothesis that increased homocysteine concentrations are significantly
associated with COPD and may account, at least in part, for the increased cardiovascular risk in these patients.
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Introduction newly reported globally [2]. COPD is an inflammatory

condition characterized by persistent respiratory symptoms
Chronic obstructive pulmonary disease (COPD) is the  and airflow obstruction due to both small airways disease
third leading cause of death worldwide [1]. In 2017, there and parenchymal destruction [3]. The airflow limitation is
were ~ 270 million cases of COPD and ~ 18 million were  progressive and not completely reversible and appears to
be the result of a chronic inflammatory state that worsens
with the progression of the disease [4, 5]. Cigarette smok-
Angelo Zinellu and Elisabetta Zinellu have equally contributed to ing and other irritants stimulate macrophages and airway
this work. epithelial cells to release mediators of inflammation that are
responsible for the recruitment of inflammatory cells. In this
context, an important role is also played by oxidative stress,
a condition where reactive oxygen species (ROS) overcome
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comorbidities [8, 9]. For example, co-existing cardiovascular
disease leads to high rates of morbidity and risk of hospi-
talisation and mortality in patients with COPD [10]. It is
widely established that elevated serum or plasma concentra-
tions of the sulfur-containing amino acid homocysteine, an
intermediate in the metabolism of the essential amino acid
methionine, increase cardiovascular risk [11-13]. Homo-
cysteine causes endothelial dysfunction through the induc-
tion of inflammation and oxidative stress, both involved
in the pathogenesis of COPD, and the inhibition of nitric
oxide synthesis [14—-16]. Homocysteine concentrations can
increase mainly as the result of specific genetic defects of the
enzymes responsible for homocysteine metabolism as well
as deficiencies of cofactors involved in this pathway such
as vitamins B6, B12 and folic acid. Such deficiencies are
secondary to reduced intake or absorption and use of spe-
cific medications [17, 18]. Recent studies have shown that
homocysteine concentrations are also increased in COPD
patients, particularly in those with severe disease and rapid
progression [19, 20]. Therefore, to critically appraise the
available evidence on the link between homocysteine and
COPD, we conducted a systematic review and meta-analy-
sis of homocysteine concentrations in serum or plasma of
COPD patients and in subjects without COPD.

Materials and methods

Search strategy, eligibility criteria, and study
selection

A systematic search of publications in the electronic data-
bases PubMed, Web of Science, Scopus and Google Scholar,
from inception to September 2021, was conducted using
the combination of the following terms: “Homocysteine”
or “Hcy” and “Chronic Obstructive Pulmonary Disease”
or “COPD”. Two investigators screened the abstracts to
establish relevance and, if so, the full text was reviewed
according to the following inclusion criteria: (i) assessment
of serum homocysteine concentrations; (ii) comparison of
subjects with and without COPD (case—control design); (iii)
adult participants; (iv) English language; and (v) full text
available. The references of the retrieved articles were also
searched for additional studies. Any discordance between the
two investigators was resolved by a third investigator. The
risk of bias was evaluated using the Joanna Briggs Institute
(JBI) Critical Appraisal Checklist for analytical cross-sec-
tional studies, with scores >5, 4 and < 4 indicating low, mod-
erate and high risk, respectively [21]. The certainty of evi-
dence was assessed using the Grades of Recommendation,
Assessment, Development and Evaluation (GRADE) Work-
ing Group system. GRADE considers the study design (ran-
domized vs. observational), the risk of bias (JBI checklist),
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the presence of unexplained heterogeneity, the indirectness
of the evidence, the imprecision of the results (sample size,
95% confidence interval width and threshold crossing), the
effect size (WMD) and a high probability of publication
bias [22-24]. The assessment of the potential biological and
clinical significance of the WMD was based on prospec-
tive studies reporting that a 10% increase in homocysteine
concentrations is associated with an adjusted hazard ratio
for cardiovascular events between 1.87 and 1.97 [25]. For
a baseline homocysteine concentration of 15 umol/L, the
WMD was therefore considered high (> — 1.5 umol/L, 10%
reduction), moderate (between —0.75 and — 1.5 umol/L,
5-10% reduction) and low (< —0.75 umol/L, < 5% reduc-
tion), respectively. We fully complied with the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) 2020 statement on the reporting of systematic
reviews and meta-analyses [26].

Statistical analysis

Weighted mean differences (WMDs) and 95% confidence
intervals (95% CIs) were calculated to generate forest
plots of continuous data and to evaluate differences in
homocysteine concentrations between COPD patients
vs. non-COPD subjects (a p-value of less than 0.05 was
considered statistically significant). When necessary, the
mean and standard deviation values were extrapolated
from median and interquartile range values, as previ-
ously reported by Wan et al. [27] or from graphs using the
Graph Data Extractor software. Heterogeneity of WMD
values across studies was assessed using the Q-statistic
(significance level set at a p-value of less than 0.10). The
12 statistic, a quantitative measure of inconsistency across
studies, was also calculated with values <25% indicating
no heterogeneity, between 25 and 50% moderate heteroge-
neity, between 50 and 75% large heterogeneity and > 75%
extreme heterogeneity) [28, 29]. Statistical heterogeneity
was defined as an I statistic value > 50% [29]. In analyses
in which heterogeneity was high, a random-effects model
was used. Sensitivity analysis was conducted to investi-
gate the influence of individual studies on the overall risk
estimate by excluding them sequentially [30]. To evaluate
the presence of publication bias, the associations between
study size and magnitude of effect were analyzed using
the Begg’s adjusted rank correlation test and the Egger’s
regression asymmetry test, with a significance level set at a
p-value of less than 0.05 [31, 32]. Statistical analyses were
performed using Stata 14 (STATA Corp., College Sta-
tion, TX, USA). The study protocol was registered in the
International Prospective Register of Systematic Reviews
(PROSPERO registration number: CRD42021282004).
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Results
Systematic research and study characteristics

A flow chart describing the screening process is presented
in Fig. 1. We initially identified 910 studies. A total of
898 were excluded after the first screening because they
were either duplicates or irrelevant. After a full text review
of the remaining 12 articles, three were further excluded
because they did not meet the inclusion criteria. Therefore,
nine studies in 432 COPD patients (mean age 65 years,
65% males) and 311 controls (mean age 65 years, 56%
males), published between 2001 and 2020, were included
in the final analysis (Table 1) [19, 20, 33-39]. In eight

studies, the diagnosis of COPD was made according to
the Global Obstructive Lung Disease (GOLD) guidelines
[19, 20, 34-39]. No information regarding the tool used for
COPD diagnosis was provided in the remaining study [33].

Risk of bias

The risk of bias was considered low in all studies (Table 2).
Results of individual studies and syntheses

The forest plot for serum homocysteine concentrations in
COPD patients and non-COPD subjects is shown in Fig. 2.

In all studies, COPD patients had higher homocysteine
concentrations compared to non-COPD subjects with a

Fig. 1 Flow chart of study
selection

Potential relevant studies
identified and screened through
database search (n=910)

898 records were excluded, due to:

* Irrelevant or duplicates (n=898)

Studies retrieved for more
detailed evaluation (n=12)

3 records were excluded, due to:
* Not fulfil the inclusion criteria (n=3)

Studies included in
meta-analysis (n=9)

Table 1 Study characteristics

First author year, country ~ Non-COPD subjects COPD patients
n  AgeMean Gender (M/F) Homocysteine n  Age Mean Gender (M/F) Homocysteine Diagnosis
Mean=+SD Mean +SD
(umol/L) (umol/L)
Andersson A et al. 2001, 29 64 14/15 14.1+4.9 19 68 8/11 17.9+6.7 NR
Sweden
Kai S et al. 2006, Japan 23 63 NR 9.8+£3.0 24 171 NR 12.6+2.9 GOLD
Seemungal TAR et al. 25 65 16/9 + 29 69 23/6 10.7+4.5 GOLD
2007, England
Abdallah GM et al. 2009, 20 NR 12/8 76+1.3 24 NR 18/6 94+1.3 GOLD
Egypt
Fimognari FL et al. 2009, 29 71 21/8 11.9+29 42 71 36/6 14.8+4.7 GOLD
Italy
Kahn NA et al. 2016, India 30 58 13/17 152+15.7 50 52 43/7 27.4+239 GOLD
Moayyedkazemi A et al. 51 66 29/22 18.2+9.5 40 67 22/18 19.5+£9.5 GOLD
2018, Iran
Wei B et al. 2020, China 50 58 28/22 7.5+£2.7 150 62 90/60 11.7£2.7 GOLD
Zinellu A et al. 2020, Italy 54 73 40/14 13.0+£3.7 54 73 40/14 155+3.8 GOLD

GOLD, Global initiative for chronic obstructive lung disease; NR, Not reported; COPD, chronic obstructive pulmonary disease; M, male; F,

female; SD, standard deviation
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Table 2 The Joanna Briggs Institute critical appraisal checklist

Study Were the Were the Was the Were Were Were Were the Was appro-  Risk of bias
criteria for  study exposure objective, confound- strategies outcomes priate statis-
inclusion in  subjects and measured standard ing factors  to deal with measured tical analysis
the sample  the setting  in a valid criteria used identified?  confound-  in a valid used?
clearly described in  and reliable for measure- ing factors  and reliable
defined? detail? way? ment of the stated? way?

condition?
Andersson A Yes Yes Yes Yes No No Yes No Low
Kai S Yes Yes Yes Yes No No Yes No Low
Seemungal  Yes Yes Yes Yes Yes Yes Yes Yes Low
TAR

Abdallah Yes Yes Yes Yes No No Yes No Low
GM

Fimognari  Yes Yes Yes Yes Yes Yes Yes Yes Low
FL

Kahn NA Yes Yes Yes Yes No No Yes No Low

Moayyedka- Yes Yes Yes Yes No No Yes No Low
zemi A

Wei B Yes Yes Yes Yes No No Yes No Low

Zinellu A Yes Yes Yes Yes Yes Yes Yes Yes Low
Study COPD CTRL %
Name Year WMD (95% ClI) N, mean (SD) N, mean (SD) Weight
Andersson A et al. 2001 —— 3.80 (0.30, 7.30) 19,17.9(6.7) 29,14.1(4.9) 5.1
Kai S etal. 2006 — 2.80 (1.11, 4.49) 24,126 (2.9) 23,9.8 (3) 12.72
Seemungal TAR et al. 2007 = 2.60 (0.75, 4.45) 29,10.7 (4.5) 25,8.1(2.2) 11.68
Abdallah GM et al. 2009 = 1.87 (1.10, 2.64) 24,9.44 (1.3) 20,7.57(1.3)  19.43
Fimognari FL et al. 2009 —— 2.90 (1.13, 4.67) 42,14.8 (4.7) 29,11.9(2.9) 1219

i
Kahn NA et al. 2016 ; 12.20(3.51,20.89) 50, 27.4 (23.9) 30,15.2(15.7)  1.05
:

Moayyedkazemi Aetal. 2018 —r= 1.30 (-2.63, 5.23) 40, 19.5 (9.5) 51,18.2(9.5)  4.33
Wei B et al. 2020 = 4.18 (3.32, 5.04) 150, 11.7 (2.7) 50,7.52(2.7) 1877
Zinellu A et al. 2020 = 2.50 (1.09, 3.91) 54,15.5 (3.8) 54,13 (3.7) 14.62
Overall (I-squared = 61.8%, p = 0.007) <> 2.91(2.00, 3.82) 432 311 100.00
NOTE: Weights are from random effects analysis E

Fig. 2 Forest plot of serum homocysteine concentrations in COPD patients and non-COPD subjects

significant difference reported in all but one [38]. A large
heterogeneity between studies was observed; thus, random-
effects models were used. Overall, pooled results showed
that homocysteine concentrations were significantly
higher in patients with COPD (WMD =2.91 umol/L, 95%
CI 2.00-3.82 umol/L, p <0.001). Sensitivity analysis
showed that the corresponding pooled WMD values were
not substantially altered when each study was sequentially
removed (Fig. 3). Funnel plot analysis showed three outli-
ers (Fig. 4). After removing these studies [34, 36, 38], the

@ Springer

WMD remained significant (WMD = 2.68 umol/L, 95% CI
1.89-3.87 umol/L, p <0.001) but with a virtually absent
heterogeneity (Fig. 5).

Publication bias

No publication bias was observed either with the Begg’s
(p=0.47) or the Egger’s (p =0.55) test.
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Fig.3 Sensitivity analysis of
the association between serum
homocysteine and COPD. The
influence of individual studies
on the overall weighted mean
difference (WMD) is shown.
The middle vertical axis indi-
cates the overall WMD, and the
two vertical axes indicate the
95% confidence intervals (CIs).
The hollow circles represent the
pooled WMD when the remain-
ing study is omitted from the
meta-analysis. The two ends of
each broken line represent the
95% Cls
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Fig.4 Funnel plot of studies investigating serum homocysteine in
COPD patients and non-COPD subjects

Certainty of evidence

The initial level of certainty for homocysteine WMD val-
ues was considered low because of the cross-sectional
nature of the studies (rating 2, ® @& © ©). After consider-
ing the low risk of bias in all studies (no rating change
required), a generally extreme heterogeneity that was vir-
tually eliminated after removing a subgroup of three stud-
ies (no rating change required), the lack of indirectness
(no rating change required), the relatively low imprecision
(relatively narrow confidence intervals without threshold
crossing, upgrade one level), the relatively large effect size
(upgrade one level) and the absence of publication bias (no

\
1.76 2.00 2.91 3.82 4.05

rating change required), the overall level of certainty was
considered high (rating 4, @ @ D).

Discussion

This is an updated systematic review and meta-analysis that
reports for the first time a significant association between
homocysteine concentrations and the presence of COPD.
Mild-to-moderate hyperhomocysteinemia is relatively com-
mon in the general population, especially in older adults,
and is mainly associated with deficiencies in group B vita-
mins, such as vitamin B12, vitamin B6 and folic acid which
serve as cofactors in homocysteine metabolism [17, 18]. As
COPD is also characterized by complex nutritional deficien-
cies [40], it is plausible that the presence of a poor folic acid
status may lead to elevated homocysteine concentrations in
these patients. This hypothesis, however, requires further
research as a study failed to provide evidence that hyper-
homocysteinemia in COPD patients represented a reliable
marker of folate and vitamin B12 deficiencies [41]. Never-
theless, another study showed a reduction of homocyst-
eine concentrations in COPD patients after folate supple-
mentation [38]. Moreover, several epidemiological studies
have reported significant and positive associations between
homocysteine concentrations and cardiovascular disease,
an important comorbidity that also shares some risk factors
with COPD, such as cigarette smoking and increasing age
which are also associated with high homocysteine concentra-
tions [17]. The results of our study further support the pres-
ence of an association between homocysteine and COPD.
A similar meta-analysis, published in 2019 by Chaudhary
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Study COPD CTRL %
Name Year WMD (95% ClI) N, Mean (SD) N, Mean (SD) Weight

H

Andersson A et al. 2001 . 3.80 (0.30, 7.30) 19,17.9 (6.7) 29,141 (4.9)  5.07
Kai S etal. 2006 —:o— 2.80 (1.11, 4.49) 24,12.6 (2.9) 23,9.8(3) 21.83
Seemungal TAR et al. 2007 —.— 2.60 (0.75, 4.45) 29,10.7 (4.5) 25,8.1(2.2) 18.15
Fimognari FL et al. 2009 —:w— 2.90 (1.13, 4.67) 42,148 (4.7) 29,119 (29)  19.84
Moayyedkazemi A et al. 2018 I 130 (-2.63,523) 40, 19.5(9.5) 51,182 (9.5)  4.02
Zinellu A et al. 2020 _._ 2.50 (1.09, 3.91) 54, 15.5 (3.8) 54,13 (3.7) 31.08
Overall (I-squared = 0.0%, p = 0.961) @ 2.68 (1.89, 3.47) 208 211 100.00

Fig.5 Forest plot of studies examining serum homocysteine in COPD patients and non-COPD subjects after removing three outliers

et al. [42], included only four studies on 145 COPD patients
and 107 non-COPD subjects and failed to report significant
between-group differences in homocysteine concentrations.
Our study included a greater number of articles, nine, and
subjects, 432 COPD patients and 311 non-COPD subjects.
The overall result showed the presence of significantly
higher concentrations of homocysteine in COPD patients
compared to non-COPD subjects. The high heterogeneity
observed may be explained by several unreported factors,
such as differences in sample handling, storage conditions
and analytical procedures as well as geographical location,
ethnicity, smoking status and presence of comorbidities.
Specifically, three studies contributed to the reported hetero-
geneity. Their removal virtually eliminated the heterogene-
ity while maintaining significant between-group differences
in homocysteine. Additional limitations include the lack of
subgroup analysis to identify specific associations between
effect size and other clinical or analytical characteristics, as
this information was not provided. Despite these limitations,
this meta-analysis reports an association between homocyst-
eine and COPD presence with a high level of certainty and
without publication bias. Moreover, in sensitivity analysis,
the pooled WMD values were not substantially altered when
individual studies were sequentially removed. Some of the
studies also reported that homocysteine concentration was
positively related to COPD severity [19, 20]. However, their
limited number prevented the conduct of additional pooled
analyses. Our findings support the hypothesis that increased
homocysteine concentrations are associated with COPD and
that such association may at least partially account for the
increased cardiovascular risk in these patients. In recent
studies, plasma concentrations of homocysteine > 10 umol/L
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have been shown to be associated with the development of
cardiovascular disease [43]. Shiao et al. reported that for
each 5 pmol/L increase in homocysteine, the risk of mortal-
ity increased by 32%, and the risk of heart disease increased
by 52% [44]. Another meta-analysis showed that a 3 pmol/L
decrease in serum homocysteine concentrations was associ-
ated with a 16% reduction in coronary heart disease and that
a 5 umol/L increase was associated with a 1.6—1.8 fold risk
of coronary heart disease [45]. Several experimental and
human studies have shown that homocysteine may disrupt
endothelial and vascular homeostasis by causing increased
vascular smooth muscle cell proliferation, oxidative damage,
and alterations of coagulation [46].

In conclusion, our updated systematic review and meta-
analysis has shown that COPD patients have significantly
higher homocysteine concentrations when compared to
non-COPD controls. This might at least partially explain
the common occurrence of atherosclerotic cardiovascu-
lar disease in COPD patients given the well-known del-
eterious effects of homocysteine on endothelial function
and vascular homeostasis. However, further research is
warranted to investigate the presence of additional fac-
tors mediating the association between homocysteine and
COPD and whether interventions targeting this highly
reactive amino acid improve respiratory and cardiovascu-
lar outcomes in this group.
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