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Abstract: Objective: To investigate whether elevated homocysteine levels were a predictor of subsequent coronary
heart disease (CHD) mortality, cardiovascular mortality or all-cause mortality in the general population by a meta-
analysis. Methods: In a systematic search conducted in the databases of PubMed and Embase prior to October 2013,
we identified relevant prospective observational studies evaluating the association between baseline homocysteine
levels and CHD mortality, cardiovascular or all-cause mortality in the general population. Pooled adjust risk ratio (RR)
and corresponding 95% confidence interval (Cl) were calculated separately for categorical risk estimates and con-
tinuous risk estimates. Results: Twelve studies with 23 623 subjects were included in the meta-analysis. Comparing
the highest to lowest homocysteine level categories, CHD mortality increased by 66% (RR 1.66; 95% CI 1.12-2.47;
P=0.012), cardiovascular mortality increased by 68% (RR 1.68; 95% CI 1.04-2.70; P=0.033), and all-cause mortality
increased by 93% (RR 1.93; 95% CI 1.54-2.43; P<0.001). Moreover, for each 5 ymol/L homocysteine increment, the
pooled RR was 1.52 (95% CI 1.26—1.84; P<0.001) for CHD mortality, 1.32 (95% CI 1.08-1.61; P=0.006) for cardio-
vascular mortality, and 1.27 (95% CI 1.03—1.55; P=0.023) for all-cause mortality. Conclusions: Elevated homocysteine
levels are an independent predictor for subsequent cardiovascular mortality or all-cause mortality, and the risks were
more pronounced among elderly persons.
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1 Introduction Homocysteine (Hcy) is a sulfur-containing

amino acid produced during catabolism of the essen-

Coronary heart disease (CHD) and cardiovas-
cular mortality represent significant health and social
problems in the world. The commonly recognized
risk factors, including hyperlipidemia, hypertension,
obesity, diabetes, and smoking, have been identified
as mortality risk assessments in the general popula-
tion. However, these characteristics do not fully ex-
plain all the mortality risks. Early detection of new
risk factors would be beneficial for predicting death
and reducing mortality.
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tial amino acid methionine. Elevated serum Hcy lev-
els have been implicated with the risks of CHD and
cardiovascular disease (CVD). The prevalence esti-
mates of hyperhomocysteinemia (>14 mmol/L) vary
between 5% and 30% in the general population
(Selhub et al., 1993; Nygard et al., 1995). Some ep-
idemiologic studies (Hoogeveen et al., 2000; Vollset
et al., 2001; Blacher et al., 2002; Gonzalez et al.,
2007; Cui et al., 2008; Dangour et al., 2008;
Waskiewicz et al., 2012; Wong et al., 2012) but not
all (Stehouwer et al., 1998; Kark et al., 1999; de Bree
et al., 2003; Swart et al., 2012) indicated that the
elevated Hcy represents a risk factor for total death,
CHD death, or cardiovascular mortality in the general
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population; additionally, this incremental increase in
risk was pronounced in high risk subjects (Nygérd et
al., 1997; Zylberstein et al., 2004; Rossi et al., 2006;
Naess et al., 2013). Furthermore, two conducted
studies (Bostom et al., 1999; Colon Lopez et al., 2008)
were difficult to compare because the Hcy cut-off
values varied. Therefore, the associations of elevated
Hcy levels and mortality risk remained conflicting.

Given that the results of these studies have not
yet been quantitatively evaluated, a meta-analysis
would help to classify this issue. Here, we present a
meta-analysis of prospective studies to determine the
magnitude of Hcy levels and CHD, cardiovascular
and all-cause mortality in the general population.

2 Materials and methods
2.1 Search strategy

The meta-analysis was conducted according to
the checklist of the meta-analysis of observational
studies in epidemiology (Stroup et al., 2000). The
literature search was conducted in PubMed and Em-
base databases published prior to October 2013. Po-
tentially relevant studies included the following
keywords: mortality/death, coronary heart disease
death/mortality, and cardiovascular death/mortality,
in combination with hyperhomocysteinemia or ho-
mocysteine, prospective, and follow-up. Moreover,
the reference lists of the relevant publications were
manually searched to identify additional studies.

2.2 Study selection

Studies included in the meta-analysis should
meet the following criteria: (1) prospective observa-
tional study was conducted in the general population;
(2) the exposure was plasma or serum Hcy; (3) the
outcome was all-cause mortality or CHD and cardi-
ovascular mortality; (4) provided at least the
age-adjusted risk ratio (RR), hazard ratio (HR), or
odds ratio (OR) with their confidence intervals (CIs)
for categorical risk estimates and continuous risk
estimates. The outcome measures included CHD
death, cardiovascular death (defined as death from
myocardial infarction, heart failure, stroke or ar-
rhythmia), and all-cause mortality. Mortality at the
end of follow-up was obtained from the official death
certificates, medical records, or personal interviews.

Studies were excluded if they met the following cri-
teria: (1) subjects were in a highly selected disease
group; (2) the design was a retrospective study, re-
view, and/or case report; (3) only provided a risk
estimate with no means by which to calculate the 95%
CI or unadjusted OR or RR was reported.

2.3 Data extraction and quality assessment

From eligible studies, two authors (Peng H.Y.
and Xu J.) independently extracted the data. Any
disagreement was settled by discussion. We did not
contact authors to request additional information
when data were not available. The following items
were extracted from the included papers: first author,
year of publication, study design, country, sample
size, gender, age, Hcy comparison, death assessment,
mortality events, RR or OR with its 95% CI, duration
of follow-up, and statistical adjustments for con-
founding factors.

The quality of all the included studies was as-
sessed by the following aspects according to the
Newcastle-Ottawa scale (NOS) (Wells et al., 2013):
selection of study groups, comparability of the study
groups, and reporting of important outcomes. Using
the scale, we assigned a number of stars based on the
answer options of each study. A maximum of two
stars was assigned for comparability. The total NOS
star count ranges 0-9. A score of <5 indicated a high
risk of bias.

2.4 Statistical analysis

All statistical analysis was performed using the
STATA statistical software (Version 12.0, Stata Corp
LP, College Station). P<0.05 was considered statis-
tically significant. Since nested case-control and co-
hort studies are all prospective studies, for the pur-
pose of meta-analysis, ORs, and HRs were considered
as approximations of RRs. We used the highest versus
the lowest category as the measure of the relation-
ships between Hcy levels and risk estimates. In addi-
tion, we also pooled risk estimates for per 5 umol/L
increment serum Hcy levels. Homogeneity among
studies was determined using the Cochrane Q statistic
(P<0.10 was considered indicative of statistically
significant heterogeneity) and I° statistic (values of
more than 50% as significant heterogeneity) (Higgins
et al., 2003). When there was no evidence of signifi-
cant heterogeneity, effect sizes were determined
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using a fixed-effects model, otherwise we used a
random effects model. Begg’s rank correlation test
(Begg and Mazumdar, 1994) and Egger’s linear re-
gression test (Egger et al., 1997) at P<0.10 were em-
ployed to assess potential publication bias. A sensi-
tivity analysis was carried out by sequentially omit-
ting individual studies at each turn with the metaninf
command in STATA.

3 Results
3.1 Literature search

The detailed steps of the study selection are
presented in Fig. 1. Through the initial literature
search, a total of 960 potentially relevant publications
were identified. After screening the abstracts or titles
and reviewing the full texts, 12 studies (Stehouwer et
al., 1998; Kark et al., 1999; Hoogeveen et al., 2000;
Vollset et al., 2001; Blacher et al., 2002; de Bree et al.,
2003; Gonzalez et al., 2007; Cui et al., 2008; Dangour
et al., 2008; Swart et al., 2012; Waskiewicz et al.,
2012; Wong et al., 2012) met our inclusion criteria.

Literature search in the PubMed and Embase databases (n=960)

Not relevant using title and abstract (7=893)

A4

A

Full-text papers retrieved for detailed evaluation (n=67)

Did not satisfy the inclusion criteria (n=45)
- Reviews and meta-analysis (n1=18)
Endpoint not relevant (n=27)

Y

Studies appear to meet the inclusion criteria (n=22)

Studies excluded (n=10)
Not report interesting outcome (n=1)
Not adopt interesting comparison (n=4)
Subjects not in the general population (n=5)

Y

Studies included in the meta-analysis (n=12)
Coronary heart disease mortality (n=5)
Cardiovascular mortality (n=5)
All-cause mortality (n=8)

Fig. 1 Flow chart of study selection process for
meta-analysis

3.2 Study characteristics and quality assessment

The characteristics of the papers in the meta-
analysis are listed in Table 1. All studies were pub-
lished between 1998 and 2012. In total, the studies
included 23 623 participants. Most participants were
represented from the elderly population except for
two studies (de Bree et al., 2003; Waskiewicz et al.,
2012), which included a wide range population. The
follow-up duration across studies ranged from 4.1 to
14 years. The sample size ranged from 264 to 7165.
Most of the studies were conducted in predominantly
European countries. The NOS for assessing the qual-
ity of the included studies are listed in Table 2, and
the scores ranged from 5 to 7.

3.3 All-cause mortality

Six studies (Kark et al., 1999; Vollset et al., 2001;
Gonzalez et al., 2007; Dangour et al., 2008; Swart et
al., 2012; Waskiewicz et al., 2012) reported an out-
come on all-cause mortality on the highest versus
lowest Hcy categories. The total number of partici-
pants included in this meta-analysis was 15904 with
1936 death events. As shown in the part 1 of Fig. 2,
there was a statistically significant heterogeneity
among the studies ("=52.3%, P=0.05), and the ran-
dom effects model was used to pool the results.
Overall, elevated serum Hcy levels were associated
with a greater risk of all-cause mortality (RR 1.93;
95% CI 1.54-2.43; P<0.001). Publication bias was
not indicated in Begg’s rank correlation test (P=0.368)
or Egger’s linear regression test (P=0.937). As shown
in Fig. 3, in the subgroup analysis based on the gender
of the two studies (Kark ef al., 1999; Swart et al.,
2012), women with elevated Hcy levels increased the
risk of all-cause mortality (RR 1.74; 95% CI 1.24—
2.44; P=0.001); in contrast, no statistical significance
was found for the men (RR1.87; 95% CI 0.64-5.50;
P=0.255).

A significant dose-response association, be-
tween serum Hcy levels and the risk of all-cause
mortality, was noted in three studies (Hoogeveen et
al.,2000; Vollset et al., 2001; Wong et al., 2012). The
total number of participants included in this meta-
analysis was 9825, with 1179 death events. As shown
in the part 2 of Fig. 2, there was a statistically signif-
icant heterogeneity among the studies (I’=86.8%,
P=0.001), the random effects model was used to pool
the results. The pooled RR of all-cause mortality for
the per 5 umol/L increment serum Hcy was 1.27
(95% CI 1.03-1.33; P=0.023).
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Table 2 Quality assessment of studies included in meta-analysis*

Study Al A2 A3 A4 AS A6 A7 A8 Overall score

Stehouwer et al. (1998) * * * * * * *

Kark et al. (1999) * * * * * * * * 3
Hoogeveen et al. (2000) * * * * * * * 7
Vollset et al. (2001) * * * * * * 6
Blacher et al. (2002) * * * * * * 6
de Bree et al. (2003) * * * * * * * # 8
Gonzalez et al. (2007) * * * * * 5
Dangour et al. (2008) * * * ok * * * 8
Cui et al. (2008) * * * * * * 6
Swart et al. (2012) * * * * *% * * * 9
Waskiewicz et al. (2012) * * * * * * * 8
Wong et al. (2012) * * * ¢ *

* Using the Newcastle-Ottawa scale (NOS) (Wells et al., 2013), the number of stars based on the answer options of each study was
assigned. A maximum of two stars was assigned for comparability. The total NOS star count ranges 0-9. A score of <5 indicated a high
risk of bias. Al: representativeness of the exposed cohort; A2: selection of non-exposed cohort; A3: ascertainment of exposure;
A4: demonstration that outcome was not present at study start; AS: comparability of cohorts on the basis of the design or analysis;
A6: assessment of outcome; A7: enough follow-up periods; A8: lost to follow-up acceptable (reported <10%)

Study %
D RR (95% CI) Weight
1. High category vs. lowest homocysteine category
Kark et al. (1999) —_— 197 (1.31,2.98) 1519
Vollset et al. (2001) ————————— 356(1.92,6.60) 9.43 Fig. 2 Risk ratio (RR) and 95%
Gonzalez et al (2007) ——————————  230(1.02,517) 632 A
Dangour et al. (2008) — 220(1.76,275) 2311 confidence interval (CI) from
Swart et al (Men) (2012) —_— 114 (0.77,167) 16.07 the ellglble studies of homocyS-
Swart et al.(Women) (2012) — 191(1.22,3.00) 1386  teine levels and all-cause mor-
Wask t al. (2012 _— 1.77(1.20,2.61) 16.01 .

askieicz et al (2012) (120, 261 tality calculated separately for
Subtotal (I-squared = 52.3%, p = 0.050) <> 193 (1.54,2.43)  100.00 X . A
7 categorical and continuous risk
2. Per 5 pmol/L homocysteine increment estimates in a random effects
Hoogeveen et al. (2000) —— 1.26(1.02,1.65) 2798 model
Vollset etal. (2001) —_ 149(128,1.72) 3287
Wong et al. (2012) - 111 (1.07,1.16) 39.15
Subtotal (-squared = 86.8%, p = 0.001) < 127 (1.03,155) 100.00
NOTE: Weights are from random effects analysis

T T
152 1 6.6

Study %
D RR (95% Cl) Weight
1. men Fig. 3 Risk ratio (RR) and 95%

Kark et al. (1999) sas(154770) 4472 confidence interval (CI) of ho-

- .

Swart et al. (2012) — 114077167 5528 mocysteine levels and all-cause

Subtotal (-squared = 83.1%, p = 0.015) <:<> 187064550 10000 Mortality calculated separately
for gender in a random effects

model

2. women
Kark et al. (1999) — 1.53 (0.91, 2.58) 4271
Swart et al. (2012) 1.81(1.22, 3.00) 57.29

Subtotal (--squared = 0.0%, p = 0.528) 174 (1.24, 2.44) 100.00

NOTE: Weights are from random effects analysis
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3.4 Cardiovascular mortality

Four studies (Vollset et al., 2001; Blacher et al.,
2002; Cui et al., 2008; Dangour et al., 2008) reported
outcomes on cardiovascular mortality on the highest
versus lowest Hey levels categories. The total number
of participants, included in this meta-analysis, was
6771 with 860 cardiovascular death events. As shown
in the part 1 of Fig. 4, there was a statistically signif-
icant heterogeneity among the studies (I°=85.9%,
P=0.000), the random effects model was used to pool
the results. Overall, elevated serum Hcy levels were
significantly associated with an increased cardio-
vascular mortality risk (RR 1.68; 95% CI 1.04-2.70;
P=0.033). Publication bias was observed in Begg’s
rank correlation test (P=0.734), but not in the Egger’s
linear regression test (P=0.039).

A significant dose-response association between
the serum Hcy levels and risk of cardiovascular mor-
tality was indicated in the three studies (Hoogeveen et
al., 2000; Vollset et al., 2001; Cui et al., 2008). The
total number of participants included in this meta-
analysis was 6465, with 641 cardiovascular death
events. As shown in the part 2 of Fig. 4, there was a
statistically significant heterogeneity among the stud-
ies (12=58.6%, P=0.089), the random effects model
was used to pool the results. The pooled RR of cardi-
ovascular mortality for the per 5 pmol/L increment
serum Hcy level was 1.32 (95% CI 1.08-1.61;
P=0.0006).

Study

1. High category vs. lowest homocysteine category
Vollset et al. (2001)

Blacher et al. (2002)

Dangour et al. (2008)

Cuietal. (2008)

Subtatal {l-squared = 85.9%, p = 0.000)

2. Per 5 umol/lL homocysteine increment
Hoogeveen et al. (2000)

Vollset et al. (2001)

Cuietal. (2008)

Subtotal {l-squared = 58.6%, p = 0.089)

NOTE: Weights are from random effects analysis

83

3.5 CHD mortality

Three studies (Stehouwer et al., 1998; de Bree et
al., 2003; Cui et al., 2008) reported the outcome on
CHD mortality in the highest versus lowest Hcy level
categories. The total number of participants included
in this meta-analysis was 2396 with 334 CHD death
events. As shown in the part 1 of Fig. 5, there was no
significant heterogeneity among the studies (PP=0%,
P=0.45), the fixed-effects model was used to pool the
results. Overall, elevated serum Hcy levels were sig-
nificantly associated with an increased CHD mortal-
ity risk (RR 1.66; 95% CI 1.12-2.47; P=0.012).
However, after we excluded one study (Cui et al.,
2008), the sensitivity analysis only showed some
trend, this positive association was not statistically
significant (RR 1.48; 95% CI1 0.97-2.27; P=0.071).

A significant dose-response association between
serum Hcy levels and the risk of CHD mortality was
indicated in three studies (Hoogeveen et al., 2000;
Vollset et al., 2001; Cui et al., 2008). The total
number of participants included in this meta-analysis
was 6207, with 344 CHD death events. As shown in
the part 2 of Fig. 5, there was no significant hetero-
geneity among the studies (I’=0%, P=0.516), the
fixed-effects model was used to pool the results.
The pooled RR of CHD mortality for per 5 umol/L
increment Hcy was 1.52 (95% CI 1.26-1.84;

P<0.001).
%
RR (95% CI) Weight
—  «%348(138,879) 1469
* 1.06(1.01,1.10) 3285
—_— 196 (1.39,278) 2812
—_— 168(1.02,277) 2423
<> 168(104,270)  100.00
—— 145(1.01,2.08) 1983
—— 150 (1.21,1.85)  34.89
F— 1.15(1.00,1.32) 4528
<> 1.32(1.08,1.61)  100.00
T

T
114

1

8.79

Fig. 4 Risk ratio (RR) and 95% confidence interval (CI) from the eligible studies of homocysteine levels and cardi-
ovascular mortality calculated separately for categorical and continuous risk estimates in a random effects model



84

Study

1. High category vs. lowest homocysteine category

Stehouwer et al (1998)
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Fig. 5 Risk ratio (RR) and 95% confidence interval (CI) from the eligible studies of homocysteine levels and coronary
heart disease mortality calculated separately for categorical and continuous risk estimates in a fixed-effects model

4 Discussion

The findings of our current meta-analysis found
that the subjects increased by 93% the risk of
all-cause mortality, 68% the risk of cardiovascular
mortality, and 66% CHD mortality comparing the
highest versus lowest Hcy levels. Furthermore, the
dose-response analysis showed that an increment of
5 umol/L Hcey increased by 27% the risk of all-cause
mortality, 32% the risk of cardiovascular mortality,
and 52% CHD mortality.

Total Hey levels were higher in men than in
women and increased with age (Selhub et al., 1993).
Studies from the Framingham study showed that the
prevalence of high Hcy was 29.3% for the entire co-
hort and over 40% for individuals aged 80 years and
older (Selhub, 2006), although elevated Hcy levels
appeared to increase the CHD mortality for categor-
ical risk estimates. However, the sensitivity analysis
only showed some trend, the risk of CHD mortality
was not statistically significant (RR1.48; 95% CI
0.97-2.27) comparing the highest to lowest Hcy.
These results could be partly explained by the age of
the subjects included in the studies who were rela-
tively young, and their ages might have affected the
findings of the pooled estimates. Elevated Hcy

levels were not a strong risk factor for mortality in
relatively young subjects (de Bree et al., 2003).

Subgroup analysis based on gender indicated
that women with elevated Hcy levels increased the
risk of all-cause mortality (RR 1.74; 95% CI
1.24-2.44); in contrast, this positive association was
not statistically significant among men (RR 1.87;
95% CI 0.64-5.50). The present results suggest that
the relationship between Hcy levels and all-cause
mortality appears to be more pronounced in women.
However, due to the limited number of studies, the
results might be not robust enough to draw a conclu-
sion. Therefore, whether men or women with elevated
Hcy had more risk of mortality is still unclear.

The mechanisms underlying Hey levels and risk
of mortality have not yet been elucidated. Experi-
mental studies suggest that higher Hcy caused endo-
thelial dysfunction (Celermajer et al., 1993), platelet
activation and thrombus formation (Dionisio et al.,
2010). Meta-analysis of prospective cohort studies
demonstrated that hyperhomocysteinemia was asso-
ciated with cardiovascular disease (Bautista et al.,
2002), cognitive decline (Ho et al., 2011), and frac-
ture (Yang et al., 2012). All above diseases increased
death in elderly persons.
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Our meta-analysis had several strengths. First,
the present analysis included only prospective ob-
servational studies, which greatly reduced the selec-
tion bias. Moreover, according to the NOS, all the
included studies belonged to a high quality class.
Second, this meta-analysis only included multivaria-
ble adjusted OR or RR. Third, the robustness of the
Hcy level as a predictor of mortality was significantly
reinforced by per 5 umol/L increment Hey as a con-
tinuous variable. Several potential limitations of this
study should be mentioned. First, Hcy levels are in-
fluenced by a complex interaction of environmental
and genetic factors, such as nutrition, lifestyle, renal
function and hormonal factors. However, the included
study did not adjust some important confounding
factors, such as folate and vitamin B, levels. Addi-
tionally, there were variant adjusted confounding
factors from the individual studies. Second, the ages
of the subjects included in most of the studies were
elderly; so the positive association between Hcy lev-
els and death risk could not be generalized to younger
persons. Third, four studies (Stehouwer et al., 1998;
Kark et al., 1999; de Bree et al., 2003; Dangour et al.,
2008) measured Hcy levels based on non-fasting
blood samples and this might underestimate the as-
sociations with mortality due to regression dilution
bias. Fourth, the number of studies was small for
subgroup analysis, which might exert bias. Finally,
most of the studies were from European populations,
additional studies in Asian populations should be
investigated to generalize our findings.

5 Conclusions

The findings of this meta-analysis suggest that
the elevated Hcey level is an independent predictor for
subsequent cardiovascular mortality or all-cause
mortality in the general population, and that the risks
are more pronounced among elderly persons. How-
ever, more prospective studies in different regions are
needed to further investigate this association. Addi-
tionally, more well-designed randomized clinical
trials are also needed to test the effects of Hcy-
lowering therapy on the mortality events in the gen-
eral population.
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