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Study of Serum Homocysteine Level Variations in Sickle Cell
Disease: A Meta-analysis Study
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A b s t r ac t
Background: Serum homocysteine levels have been observed to be increased in sickle cell disease (SCD). The biological mechanism of synthesis
and regulation of the homocysteine remains unclear. This meta-analysis aims to provide an overview of the serum homocysteine level changes
and to discuss its significance in SCD.
Materials and methods: This meta-analysis is to determine serum homocysteine level changes during SCD and was conducted under the
PRISMA guidelines. Without language restrictions, the articles were identified through BioMed, Embase, Pub Med® (U.S. National Library of
Medicine, USA), and www.Blood Journal.org, PLoS ONE, Web of Science, LILACS (Latin American and Caribbean Health Sciences Literature), ISI
Web of Science, Chemical abstract services-(CAS), Europe PMC, Bio sis Previews, Elsevier Properties S.A., USA. The studies have been considered
which were published before March 31, 2018.
Results: Thirty comparative studies were identified out of 8,630 articles and included in the meta-analysis. From the final selected articles, the
mean, standard deviation, sample size of cases vs controls were showing compared and calculated by the SPSS latest software version-24. From
30, 18 articles were statistically highly significant, and the remaining 12 articles were statistically not significant. The p <0.05 was considered to
be statistically significant. The combined estimation of the meta-analysis study is highly significant, since p <0.000000, calculated “t” is 25.07,
and degree of freedom is 2,829.
Conclusion: The study concludes that there is an extremely significant difference between mean serum homocysteine levels in cases and healthy
controls. So, the serum homocysteine level can be used as a clinical biomarker for the diagnosis of SCD.
Keywords: Meta-analysis, Serum homocysteine level, Sickle cell disease.
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I n t r o d u c t i o n
Sickle cell disease (SCD) is a widespread genetic disorder
characterized by sickle-shaped red blood cells (RBCs) deformity
to abnormal rigid and sickle-shaped forms of cells that result in
chronic hemolytic disease/anemia, an infective crisis with frequent
infections and risks of serious complications. It occurs in high
frequency in many tropical countries.1,2 Sickle cell disease/SCA
patients suffer from various complications such as severe bone pain,
hand-foot syndrome, hyperhemolytic crisis, stroke, acute chest pain,
femoral head necrosis autosplenectomy, hepatomegaly, priapism,
renal failure, heart failure, and leg ulcers. 3
Homocysteine (tHcy) is a sulfur-containing amino acid, found at
low concentration in blood and cells. It is an important intermediate
molecule involved in the biosynthesis of methionine and cysteine.
The high plasma concentration of tHcy is a well-established risk
factor for several disorders, including cardiovascular disease stroke,
venous thrombosis, and arteriosclerosis.4
It (tHcy) is an important vascular risk factor, which may
contribute to the ischemic phenomenon of SCD has attracted
some interest in plasma total homocysteine (tHcy) levels in
patients with SCD. However, almost all the studies in SCD have
been in children, who presumably have a less predisposition to
hyperhomocysteinemia than adults.5
Homocysteine may contribute to the ischemic phenomena
present in HbSS has attracted some interest in plasma total tHcy.
In a previous study, it was shown that the plasma concentration
of tHcy among HbSS subjects was approximately 1.5-fold higher
than that of healthy controls. Additionally, SCD patients have
higher plasma tHcy concentration despite elevated plasma folate
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levels and vitamin B12 concentration similar to those observed in
controls.6
Elevations of plasma homocysteine levels are a risk factor for
endothelial cell damage and thrombosis, which are implicated in
SCD-related vaso-occusion.7

M at e r ia l s

and

M e t h o d s

Literature Search Strategy
Meta-analysis was done by searching of published studies which
are reporting the “serum homocysteine level variations in sickle

© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://
creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons
Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Study of Serum Homocysteine Level Variations in Sickle Cell Disease: A Meta-analysis Study

Fig. 1: Selection of studies for meta-analysis of serum homocysteine levels in SCD. This search was conducted by identifying the articles up to
May 31, 2018

cell disease” was undertaken in accordance with the Preferred
Reporting Items for Systematic reviews and Meta-analysis (PRISM)
statement for the systematic reviews of interventional studies
were followed.8 The three stages comprehensive search of the
literature was conducted in the following databases; BioMed
Central, Amsterdam. Pub Med® (U.S. National Library of Medicine,
USA), www.Blood Journal.org, PLoS ONE.org, ISI Web of Science,
Chemical abstract services-(CAS), Europe PMC, Biosis Previews,
Elsevier Properties S.A., USA. The studies published before May 31,
2018, are to be considered and included in meta-analysis.
In the first stage, the necessary databases were searched
by using the different concerned search criteria. The Pub Med®
database was searched by using the MeSH® (Medical Subject
Headings) term “Sickle Cell Disease” and the keywords “Serum
homocysteine level”, The Web of Science® databases were searched
by using the terms “Sickle Cell Disease” “homocysteine level”. The
PLoS ONE® database was searched by simply typing the title name
on the Google internet. The blood journals were searched simply
by typing the name of the journals, and then the title name of the
research topic on the internet. In the above-mentioned journals,
published results were very limited to human studies, information/

results obtained from books, editorials, commentaries, and
conference proceedings were excluded from the studies.
In the second stage, the ideas obtained for reaching the
databases using the above research criteria were screened by
reading the article “TITLE” and “ABSTRACTS”. Studies that were
not related to the topic or not satisfying the inclusion criteria were
excluded. The third stage is meant for the manuscript screening,
and manually searching the data and references for addition.
In this stage, articles not satisfying the inclusion criteria were
excluded. We excluded literature reviews, cross-sectional studies,
studies on animals, articles with missing data, and excluded the
qualitative estimated values of serum homocysteine levels in SCD.
These inclusion and exclusion search procedures were conducted
independently by the reviewer and the final appropriate group of
articles was included in the study.

Data Extraction and Analysis
Data Extraction
Data extraction was done independently by two authors, using a
standardized data extraction form. To resolve the discrepancies,
a statistician was consulted and the information of the variations
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of serum homocysteine level in SCD, based on title, authors,
publication year, and name of the study was extracted.

Statistical Analysis
Thirty studies were included in the statistical analysis which
was carried out manually in case of processed variables, partly
calculations were carried out by using the latest SPSS-24 software
version and Microsoft excel. The Student’s independent samples “t”
test was done. The statistical graphs had been represented by using
the Microsoft Excel software. “p” value of <0.05 was considered to
be statistically significant.

R e s u lts
Thirty case-control studies were identified, in which 1,272 cases
and 1,557 controls. Thirty studies having the comparison of serum
homocysteine levels between cases and healthy controls of various
SCDs were randomly selected for the analysis. The selection and
screenings procedures of the articles are shown in the given
Figure 1 and finally the included articles for the meta-analysis is
shown in Table 1.
The independent samples “t” test, pooled standard deviation,
standard errors, and degree of freedom were calculated by the
latest SPSS-24 software version, and calculations were checked
and confirmed manually.
The statistical analysis was carried out by considering arithmetic
mean and standard deviation of both cases of SCD and healthy
controls of individual studies (shown in Table 1).

The pooled or combined standard deviation was 3.59 (SD)
for cases and controls and thereafter calculated standard error
was found to be SE = 0.1356, degree of freedom is DF = 2,829,
standard mean deviation (SMD) was + 3.4, calculated “t” was 25.07
and p = 0.00000000… is extremely significant (Table 2). All the
calculations of each and every study with the combined estimation
are shown in Table 3.
The individual linear graph is prepared with means and
confidence intervals, and for the standard mean difference,
a forest plot is prepared for individual studies and combined
estimates.
In this meta-analysis, 22 articles showed mean serum
homocysteine level in cases is more than that in controls, and
the remaining 8 articles showed the opposite result (i.e., level
in controls is more than that in cases). Out of 18 articles with
sample sizes of both cases and controls more than or equal to
30 subjects, 12 were statistically significant in and remaining
12 articles in which either case or controls sample size is <30
subjects, only 6 articles were statistically significant. But it
cannot be generalized statistically. (p = 0.4582, by Fisher’s exact
probability test.)
The 2 × 2 table was constructed as per sample sizes of
both cases and controls more than or equal to 30 samples and
anyone <30 with statistically significant level was drawn and
analyzed by Chi-square test with Yet’s correction and Fisher’s
exact probability test. This can be represented as in the flow
diagrams and (Fig. 2).

Table 1: Selected studies for meta-analysis of serum homocysteine in sickle cell disease
Sr. (tHcy) sickle cell disease cases
S. no.
1
2
3
4
5
6
7
8
9
10
11
12
13

14
15

106

Author, year
Houston et al., 1997
van der Dijs et al., 1998
Schnog et al., 1998
Houston et al., 1997
(stroke)
Abdelsalam, 2016
Vonder Jagt et al.,
2002-(F)
Vonder Jagt et al.,
2002-(M)
Olaniyi et al., 2014. Hbs
(voc)
Olaniyi et al., 2014. Hbss
Al-Nuzaily¹ Ali 2014
(HbAS + SS)
Al-Nuzaily¹, Ali2 2014
(Hb-AS)
Al-Nuzaily¹, Ali2 2014
(Hb-SS)
Johnkennedy et al.,
2015. (Hb-SS)
Johnkennedy et al.,
2015. (Hb-SS crisis)
Vilas-Boas et al., 2015
(Lower-ACS)

± S.D. μmol/L
4.3
4.5
2.5
4.3

Healthy control
Sample size
(N)
Mean μmol/L ± S.D. μmol/L
100 + 100
9.7
3.5
19 + 20
10.9
3.5
34 + 73
6.1
2.7
16 + 16
9.7
3.5

Methods and significance
of the study
p < 0.02 ELIZA
ELIZA p < 0.04
Slightly decrease
ELISA p < 0.026

6.47
9.47

2.08
3.3

200 + 200
40 + 37

9.6

3.4

6.34

Mean μmol/L
13.3
12.7
5.8
13.3

4.92
10.1

1.77
8.4

ELISA, p < 0.069
p = NS

37 + 40

9.7

2.9

p = NS

0.72

30 + 30

9.13

0.75

(HPLC) p < 0.000

5.24
17.4

0.59
6.8

30 + 30
20 + 20

9.13
8.9

0.75
1.8

16.2

6.6

15 + 20

8.9

1.8

20.8

6.9

05 + 20

8.9

1.8

24.22

6.2

100 + 100

13.64

4.8

27.96

6.58

30 + 100

13.64

4.8

5.8

2.61

62 + 143

7.3

3.3

(HPLC) p < 0.000
Enzyme immune assaymethod (EIA) p < 0.001
Enzyme immune assaymethod (EIA) p < 0.001
Enzyme immune assaymethod (EIA) p < 0.001
Enzymatic colorimetric
method and elevated.
p <0.006
Enzymatic method and
elevated. p < 0.001
Enzymatic immunoassay
p < 0.021
Contd…
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Contd…
Sr. (tHcy) sickle cell disease cases Sample size
± S.D. μmol/L
(N)
5.4
62 + 32

Mean μmol/L
12.0

28

Author, year
Vilas-Boas et al., 2015
(Median-ACS)
Vilas-Boas et al., 2015
(High-ACS)
Pandey et al., 2012
Dhar et al., 2004
Dhar et al., 2004.
Dhar et al., 2004.
(Men-5)
Dhar et al., 2004.
(women-13)
Houston et al., 1997.
(mild SCD stroke)
Houston et al., 1997.
(without stroke)
Rodriguez-Cortes et
al., 1999. (with acute
complains)
Balasa et al., 1999.
(stroke in children with
SCD)
Balasa et al., 1999.
(stroke in children with
SCD)
Ajayi et al., 2013.

29
30

Ajayi et al., 2013. Hb-SS
Ozdem et al., 2007.

S. no.
16
17
18
19
20
21
22
23
24
25

26

27

Healthy control
Mean μmol/L
7.3

± S.D. μmol/L
3.3

Methods and significance
of the study
Enzymatic immunoassay

14.0

6.3

62 + 13

7.3

3.3

25.7
16.09
9.7
18.9

8.24
5.87
4.2
6.9

40 + 60
18 + 2
90 + 76
5+2

8.7
8.5
8.5
8.5

4.25
3.1
3.1
3.1

Enzymatic immunoassay
p < 0.047
ELISA, p < 0.0001
ELISA
ELISA, p < 0.03
ELISA, p < 0.0005;

15.05

5.48

13 + 2

8.5

3.1

ELISA, p < 0.0005

13.1

4.3

44 + 44

9.7

3.5

p < 0.02

10.7

9.7

40 + 40

9.7

3.5

ELISA p < 0.02

6.1

2.7

18 + 18

5.8

2.5

ELISA

5.8

2.55

40 + 197

5.4

2.32

p > 0.05

6.0

2.64

40

4.8

2.06

p < 0.004

8.4

3.7

26 + 53

9.2

3.96

15
6.44

6.6
0.44

4+4
32 + 27

9.2
8.71

3.96
0.57

Enzymatic method
p = 0.4
Enzymatic method
ELISA

Table 2: Quantitative analysis of “t” value (DF) and significance levels of 30 studies
S. no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Study
Houston et al., 1997
van der Dijs et al., 1998
Schnog et al., 1998
Houston et al., 1997 (stroke)
Abdelsalam, 2016
Vonder Jagt et al., 2002-(F)
Vonder Jagt et al., 2002-(M)
Olaniyi et al., 2014. Hbs (voc)
Olaniyi et al., 2014. Hbss
Al-Nuzaily, Ali 2014 (HbAS + SS)
Al-Nuzaily, Ali 2014 (Hb-AS)
Al-Nuzaily, Ali 2014 (Hb-SS)
Johnkennedy et al., 2015 (Hb-SS)
Johnkennedy et al., 2015 (Hb-SS cris)
Vilas-Boas et al., 2015 (Lower-ACS)
Vilas-Boas et al., 2015. (Medi.-ACS)
Vilas-Boas et al., 2015 (High-ACS)
Pandey et al., 2012
Dhar et al., 2004
Dhar et al., 2004

“t” value
6.55
1.4
0.55
2.59
8.16
0.44
0.14
14.68
22.88
5.41
4.74
7.17
13.15
13.14
3.19
4.52
3.72
13.49
1.77
2.07

Degree of freedom (DF)
198
37
105
30
398
75
75
58
58
38
33
23
198
128
203
92
73
98
18
164

Significance level
p < 0.0000017 (HS)
p = 0.1616 (NS)
p = 0.5824 (NS)
p < 0.0096 (S)
p < 0.00000… (HS)
p = 0.66 (NS)
p = 0.9 (NS)
p < 0.00000… (HS)
p < 0.00000… (HS)
p < 0.00000… (HS)
p < 0.0000017 (HS)
p < 0.00000… (HS)
p < 0.00000… (HS)
p < 0.00000… (HS)
p < 0.0014 (S)
p < 0.0000068 (HS)
p < 0.0002 (S)
p < 0.000000… (HS)
p = 0.08 (NS)
p = 0.04 (NS)
Contd...

Indian Journal of Medical Biochemistry, Volume 24 Issue 3 (September–December 2020)

107

Study of Serum Homocysteine Level Variations in Sickle Cell Disease: A Meta-analysis Study
Contd...
S. no.
21
22
23
24
25
26
27
28
29
30
31

Study
Dhar et al., 2004. (Men-5)
Dhar et al., 2004 (women-13)
Houston et al. 1997 (mild SCD stroke)
Houston et al., 1997 (without stroke)
Rodriguez-Cortes et al., 1999 (with acute complains)
Balasa et al., 1999 (stroke in children with SCD)
Balasa et al., 1999 (stroke in children with SCD)
Ajayi et al., 2013
Ajayi et al., 2013 (Hb-SS)
Ozdem et al., 2007
Combined estimation

“t” value
1.97
1.61
4.05
0.61
0.34
0.98
2.26
0.86
1.51
17.46
25.07

Degree of freedom (DF)
05
16
86
78
34
235
78
77
06
57
2,829

Significance level
p = 0.1059 (NS)
p = 0.1074 (NS)
p < 0.00006… (HS)
p = 0.54 (NS)
p = 0.74 (NS)
p = 0.33 (NS)
p = 0.0238 (NS)
p = 0.39 (NS)
p = 0.13 (NS)
p < 0.00000… (HS)
p < 0.00000… (HS)

DF, degree of freedom; S, significance; HS, highly significance; NS, not significance; SCD, sickle cell disease

Table 3: Showing standard-mean-deviation, LCL-UCL, and weighted mean of 30 articles
S. no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Author and year
Houston et al., 1997
van der Dijs et al., 1998
Schnog et al., 1998
Houston et al., 1997 (stroke)
Abdelsalam, 2016.
Vonder Jagt et al., 2002-(F)
Vonder Jagt et al., 2002-(M)
Olaniyi et al., 2014 Hbs (voc)
Olaniyi et al., 2014. Hbss
Al-Nuzaily¹ Ali 2014 (HbAS + SS)
Al-Nuzaily¹, Ali2 2014 (Hb-AS)
Al-Nuzaily¹, Ali2 2014 (Hb-SS)
Johnkennedy et al., 2015 (Hb-SS)
Johnkennedy et al., 2015 (Hb-SS cris)
Vilas-Boas et al., 2015 (Lower-ACS)

SMD 95% CI = (LCL-UCL)
+3.6; 95% CI = (2.52 to 4.68)
+1.8; 95% CI = (−0.82 to +4.42)
−0.3; 95% CI = (−1.39 to +0.79)
+3.6; 95% CI = (0.76 to 6.44)
+1.55; 95% CI = (1.18 to 1.92)
−0.63; 95% CI = (−3.49 to +2.23)
−0.1; 95% CI = (−1.54 to + 1.34)
−2.79; 95% CI = (−3.17 to −2.41)
−3.89; 95% CI = (−4.23 to −3.55)
+8.5; 95% CI = (+5.33 to +11.67)
+7.3; 95% CI = (+4.17 to + 10.43)
+11.9; 95% CI = (+8.48 to +15.32)
+10.58; 95% CI = (+9.04 to +12.12)
+14.32; 95% CI = (+12.16 to +16.48)
−1.5; 95% CI = (−2.43 to −0.57)

Weighted average in %
200 (7.06)
39 (1.38)
107 (3.8)
32 (1.13)
400 (14.13)
77 (2.72)
77 (2.72)
60 (2.12)
60 (2.12)
40 (1.41)
35 (1.24)
25 (0.88)
200 (7.06)
130 (4.59)
205 (7.24)

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Vilas-Boas et al., 2015 (Median-ACS)
Vilas-Boas et al., 2015 (High-ACS)
Pandey et al., 2012
Dhar et al., 2004
Dhar et al., 2004
Dhar et al., 2004 (men-5)
Dhar et al., 2004 (women-13)
Houston et al., 1997 (mild SCD stroke)
Houston et al., 1997 (without stroke)
Rodriguez-Cortes et al., 1999 (with acute complains)
Balasa et al., 1999 (stroke in children with SCD)
Balasa et al., 1999 (stroke in children with SCD)
Ajayi et al., 2013
Ajayi et al., 2013 Hb-SS
Ozdem et al., 2007
Combined estimation

+4.7; 95% CI = (+2.63 to +6.77)
+6.7; 95% CI= (+3.1 to +10.3)
+17; 95% CI= (+14.51 to +19.49)
+7.59; 95% CI = (−1.42 to +16.6)
+1.2; 95% CI = (+0.06 to +2.34)
+10.4; 95% CI = (−3.2 to +24)
+6.55; 95% CI = (−2.22 to +15.32)
+3.4; 95% CI = (+1.73 to +5.07)
+1; 95% CI = (−2.24 to +4.24)
+0.3; 95% CI = (−1.47 to +2.07)
+0.4; 95% CI = (−0.41 to +1.21)
+1.2; 95% CI = (+0.14 to +2.26)
−0.8; 95% CI = (−2.66 to +1.06)
+5.8; 95% CI = (−3.63 to +15.23)
−2.27; 95% CI = (−2.53 to −2.01)
+3.4; 95% CI = (+3.13 to 3.67)

94 (3.32)
75 ( 2.65)
100 (3.53)
20 (0.71)
166 (5.86)
07 (0.25)
15 (0.53)
88 (3.11)
80 (2.83)
36 (1.27)
237 (8.37)
80 (2.83)
79 (2.79)
08 (0.28)
59 (2.08)
(100%)

SMD, standard mean deviation; CI, confidence interval; LCL, lower confidence level; UCL, upper confidence level
*Due to 30 articles, there is a minor variation, however, total matches with 100
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Forestplot

D i s c u s s i o n
The meta-analysis shows the clinical significance of serum
homocysteine in SCD. In this study, 30 articles are incorporated
with a total 1,272 number of cases and 1,557 number of controls.
The risk factors and pathophysiology of stroke and other serious
complications of SCD have not been completely defined.
Hyperhomocysteinemia has recently been identified as a risk factor
for stroke and other vascular diseases in the general population;
however, its role in SCD has not been investigated, so this study is
being taken for the meta-analysis.
In this study, Lowenthal et al. and Balasa et al. reported
that the serum hyperhomocysteine level was the risk factor for

atherosclerosis in SCD patients and Houston et al. reported that
the serum homocysteine levels will be high and it may be a risk
factor for the development of stroke in SCD patients.6,7,9 In this
study, 14 articles/groups are not significant, 3 are significant, and
14 are highly significant.
In non-significant 14 studies, Schnog et al. studied that plasma
homocysteine concentrations were measured during acute
complications, and observed that, the plasma homocysteine levels
in SCA patients and controls were the same.10 But in the study of
Vonder Jagt et al., male and female, in two different gender studies
stated that the mean homocysteine level of male and female was
statistically at the higher side (undistinguishable) with the control.11
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Fig. 2: Serum homocysteine status

X2yc = 0.28, NS = Not significant. X2 = 0.83, NS = Not significant
Chi-square without Yet’s correction = 0.83 (Not significant)
Chi-square with Yet’s correction = 0.28 (Not significant) p = 0.4582
(Fisher’s exact probability test) Not significant
But the combined estimate shows positive “t” value 25.07 and p = 0.000000…, extremely significant

Dhar et al. (in both sexes), men-5 and women-13, found that the
serum homocysteine status in children with SCD was with mixed
results. The findings show that mild hyperhomocysteinemia is
significantly more common in adult patients with SCD than in
control subjects.12–14 Houston et al. (without stroke),9 RodriguezCortes et al. (with acute complications), and Balasa et al. (stroke in
children with SCD) studied and stated that plasma homocysteine
levels in the patients with SCA and control subjects were similar
and Balasa et al. in 1999 reported that hyperhomocysteinemia
is associated with low plasma pyridoxine levels in children with
SCD.9,13,14
Ajayi et al., Hb-SS., article show that there were no significant
differences found between the SCD and controls in MMA or
homocysteine but a significantly higher folate concentration was
observed in the SCD patients.15 The report of Ali et al. clarified
that elevation of tHcy is not commonly found in sickle cell trait;
but if found elevated, then that may indicate meningeal vessel
thrombosis.16
In the significant studies, the 4th article, Houston et al. (Stroke)
studied that the serum homocysteine levels in the stroke group
were significantly higher than those in patients without stroke,
and the high levels may be a risk factor for the development of
stroke in SCD patients.9 In the 15th and 17th articles, Vilas-Boas et
al. (lower-ACS), the serum tHcy among SCA subjects was 1.5-fold
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higher than that of the controls. And, SCD patients have higher
plasma concentrations of tHcy despite higher plasma folate levels
and vitamin B12 concentrations compared with those observed in
healthy individuals.17
In the highly significant studies—in the article, Abdelsalam, it
was reported that tHcy level was found to be insignificantly higher
in patients with sickle cell trait when compared to the control
group.18 In thromboembolism and cardiovascular disease, the total
homocysteine level was increased in 40% of patients with sickle cell
anemia. There was a significant increased mean tHcy level in sickle
cell patients by 95% compared to the control group.19–21
In the article Johnkennedy et al., Hb-SS and Hb-SS crisis study,
the mean level of sr. tHcy was significantly increased in sickle cell
anemia (p < 0.05), as compared to the control (HbAA). And the
mean level of sr. tHcy was significantly higher in sickle cell crisis
than the sickle cell anemia. The result concluded that sickle cell
anemia is linked with a rise in sr. homocysteine level, which could
lead to increased risk of thromboembolic and cardiovascular
disease in sickle cell anemia.22 In the article, Vilas-Boas et al. (Medi.ACS), sr. tHcy among SCA subjects was 1.5-fold higher than that
of controls.17 Pandey et al. studied 40 sickle cell anemia patients
the plasma homocysteine level in sickle cell anemia patients
surprisingly elevated. 22 Houston et al. (mild SCD stroke) reported
that the serum homocysteine levels for the stroke group were
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significantly higher than those in patients without stroke, high
homocysteine levels may be a risk factor for the development
of stroke in SCD patients.9 Ozdem et al. reported that the serum
homocysteine levels were significantly increased in subjects of
SCD. 23 Balasa et al. stated that the elevated plasma homocysteine
(Hcy) is associated with vascular disease and thrombosis in the
general population and is believed to induce endothelial cell
dysfunction and activate the coagulation system. Patients with
SCD exhibit activation. 24
Pandey et al. stated that the increased homocysteine level
was found in Indian sickle cell anemia patients. 25
In the article Dhar et al. 2004 stated that the plasma total
homocysteine (tHcy) was significantly higher in the SCD subjects
than the controls.26
Lastly, in the pooled estimation of the overall studies is also
showing the serum homocysteine level is statistically very highly
significant in the subject of SCD.6,7,9,11,20–26

C o n c lu s i o n
The meta-analysis study showed that, out of 30 studies, 22 studies
showed that serum homocysteine levels in SCD cases are more
than controls, out of 14 articles showed significant differences.
Eight studies showed that the serum homocysteine level in SCD
cases is less than the healthy controls and only three articles were
statistically significant. The combined estimate clearly spells out
increased serum homocysteine level in SCD as compared to healthy
controls which are observed statistically extremely significant.
So, the serum homocysteine level will be beneficial as a clinical
biomarker for the diagnosis of SCD.
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