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ABSTRACT

The aim of this systematic review is to identify plasma homocysteine (Hcy) as a screening and diagnostic indi-
cator for assessing diabetic retinopathy (DR) risk in patients with type 2 diabetes mellitus. Following PRISMA
guidelines, data was gathered from publications between 2000-2019 from the Springer, JAMA, Lancet, and
PubMed databases, as well as from diabetes-specific journals. Observational, experimental, and multi-ethnic
studies, meta-analyses, systematic reviews were included and studies that did not measure plasma Hcy, or
included only patients with type 1 diabetes were excluded. The collected results were pooled and analysed
for this systematic review. The majority of studies suggested an affirmative relationship exists between hy-
perhomocysteinemia (HHcy) and DR, whereas some studies showed only limited clinical significance. HHcy is
considered a pivotal risk factor for macular edema progression in patients with DR. Serum Hcy levels could be
used to assess microvascular risksforthe development and progression of DR.
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INTRODUCTION

Globally, 93 million people have been diagnosed with diabetic retinopathy (DR). Predictive
data suggests that figure will increase to 430 million individuals by 2030, indicating the po-
tentially large burden of DR and the importance of determining modifiable risk factors.'?

DR damages retinal pericytes, causing proliferative (PDR) and non-proliferative (NDR) reti-
nopathy.® NDR manifests as microaneurysms and hard exudate. PDR is associated with isch-
emia, vascular endothelial growth factors, and neo-vascularization.”

Homocysteine (Hcy) in healthy individuals is converted into other amino acids or back to methi-
onine; in patients with diabetes mellitus (DM), this pathway is disrupted, causing hyperhomo-
cysteinemia (HHcy), which accelerates cell injury and damages retinal capillaries.®® Mild HHcy
caused by a mutation in the methylenetetrahydrofolate reductase gene is linked with DR.®!

METHOD

PRISMA guidelines were followed to examine articles, research papers, meta-analyses, and
systematic reviews relevant to this research. Keywords used to narrow the search included the
following: “homocysteine,” “diabetic retinopathy,” “diabetes mellitus,” and “hyperhomocyste-


https://orcid.org/0000-0002-0471-5455

https://orcid.org/0000-0002-8497-531X

https://orcid.org/0000-0002-2105-7802

https://orcid.org/0000-0001-7718-8839

The Anatolian Journal of Family Medicine 3

inemia.” Electronic research was identified from databases tween “diabetes and homocysteine” but did not include
such as PubMed, MBASE, Lancet, JAMA, and Springer and  “retinopathy” or that examined “diabetes and diabetic reti-
the journals Diabetes and Metabolism, Diagnostic Pathol-  nopathy” but did not measure plasma Hcy levels. Further
ogy, Diabetes Care, Diabetologia, and the Pakistan Journal  exclusions involved studies that included the macrovascu-
of Ophthalmology, to name a few. lar pathology of plasma Hcy levels.

The selected data was assembled from 12 studies in Table ~DISCUSSION
1.2 Exclusion criteria included studies with patients with ~ Plasma total Hcy could be regarded as a helpful biomark-
Type 1 DM or studies that observed the relationships be- er or an innovative risk factor for the mounting risk of DR

Table 1. Homocysteine levels in patients with diabetic retinopathy

Study Study base Study subjects Hcy levels (umol/l) Number of DR patients
Cho et al. 201119 South Korea 102 T2DM 16.3+11.7 NDR 5 PDR
19.2+8.4 T2DM 62 NPDR
35 NDR
Brazionis et al. 2007 Australia 168 T2DM 9.6 NDR 48 DR
11.5T2DM 120 NDR
Hoogeveen et al. 200012 Netherlands 454 (285 NGT, 169 IGT) <9 NDR 79 DR
171 (65 KD, 106 NDD) >16 T2DM
Fotiou 2014131 Greece 140 T2DM 11.1 NDR 29 PDR
16.3 T2DM 36 NPDR
75 NDR
Abdella et al. 200201t Kuwait 358 T2DM 9.8 NDR 90 NPDR
10.5T2DM 55 PDR 181 NDR
Looker et al. 20030'1# USA (PI) 396 T2DM 9.89 PDR 79 NPDR
9.71 NPDR 23 PDR 279 NDR
Gupta et al. 20180¢!s India 78 T2DM 17.71£8.16 NDM 39DR
17.98+6.26 T2DM 39 NDR
Malaguarnera 2014071" Italy 80 NDM 7.8+6.4 NDM 62 PDR
175 T2DM 12.1+6.8 NDR 63 NPDR
18.2+5.6PDR 50 NDR
14.4+6.7 NPDR
Aydemir et al. 20088 Turkey 12 NDM 9.18+£3.91 NDM 20 PDR
20T2DM 16.04+2.75 T2DM
Ghayoor 20130918 Pakistan 77 NDM <12 NDM >12T2DM
77 T2DM <12 NDR 77 PDR
Goldstein et al. 2004295 Israel 156 NDM 11.75£0.24 NDM 46 PDR
179 T2DM 13.46+0.74 NDR 71 NPDR
15.86+1.34 PDR 62 NDR
14.56+0.64 NPDR
Nguyen et al. 2009211 USA (AA/C/Ch/H) 921 Total participants 8.8 NDM 643 NPDR
8.9 NDR**
278T2DM

AA:African American; C: Caucasian; Ch: Chinese; DR: Diabetic retinopathy; H: Hispanic; Hcy: Homocysteine; IGT: Impaired glucose tolerance; KD: Known
diabetics; NDD: Newly diagnosed diabetics; NDM: Non-diabetic; NDR: No diabetic retinopathy; NGT: Normal glucose tolerance; NPDR: Non-proliferative
diabetic retinopathy; PDR: Proliferative diabetic retinopathy; Pl: Pima Indians; T2DM: Type 2 diabetes mellitus.

*Cross-sectional study; *Cohort study; Longitudinal study; *Case control; "Randomized controlled trial; *Population-based study.
**Diabetes type not specified.
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in individuals with Type 2 DM. Table 1 shows that HHcy is
linked to an increased risk of DR in different populations.
The studies collected for this review article were conducted
in different parts of the world, the data also indicate that
these results may apply to the general global population.

In a study conducted by Cho et al., which included 102
individuals with type 2 DM, the measurement of plasma
Hcy in the group with DR had an average of 19.2 umol/L
and was higher than when compared with the average of
16.3 pumol/L for the group without DR; however, the dif-
ference was not statistically significant.'” To examine the
independent associations between the key risk factors
and the presence of DR, Cho et al. performed a multiple
logistic regression analysis that showed that Hcy is inde-
pendently affiliated with DR (Odds ratio (OR)=1.1, 95%
Cl=1.0-1.1).@

A study by Huang et al. identified Hcy as an integral risk fac-
tor for developing DR in individuals with type 2 DM.?2 Ac-
cording to their study Hcy was associated with prolonged
DM duration and the microvascular complications of DR. A
study by Brazionis et al. of 168 patients with type 2 DM, also
showed an elevated mean total plasma Hcy concentration
in individuals with DM and DR versus those with DM and
not DR." A study based in the Netherlands by Hoogeveen
et al. showed a positive predictive value of plasma levels of
Hcy with an OR of 3.44 in patients with type 2 DM against
0.97 in patients without DM.I'? A study in Greece by Fotiou
et al. working with patients with type 2 DM suggested that
HHcy is a self-sufficient risk factor for the commencement
and progression of DR.I'"! On the contrary,in a study per-
formed on 358 Kuwaiti patients with type 2 DM, multiple
regression analyses showed no significant association be-
tween HHcy and DR.I'™

A systematic review and meta-analysis performed by
Leiet al. attempted to explain the controversy with a few
studies considering the relationship between Hcy levels
and the progression of DR.”?! Data were produced from
2184 individuals with DM from 11 studies that were part
of the meta-analysis. The collective OR proposed that an
increase in Hcy levels within individuals with DM was cor-
related with the rise in the risk of DR. Lei et al. identified
substantial heterogeneity in the studies, but the sensitiv-
ity analysis showed statistical significance.'>?! Another
meta-analysis of 31 studies involving 6394 participants
found similar results.?4

Some authors considered Hcy as a risk factor for the de-
velopment of PDR. An older study of patients with type 2
DM conducted in Arizona from 1982 to 1985 showed the
association of HHcy with the incidence of PDR.""”! Gupta et

al. determined that the prevalence of HHcy, as well as the
mean serum levels of Hcy, were elevated in the cases with
PDR as compared to an NDR control group, although this
dissimilarity was not statistically significant.'®! A study by
Malaguarnera showed that higher plasma levels of Hcy
have been found in a patient with DM with PDR in com-
parison to both NDR and those without DR.'? Aydemir
showed an elevated Hcy in the vitreous that was obtained
during vitreoretinal surgery of patients with PDR, most
likely ascribed to the breakdown of the blood-retina bar-
rier.18:231

Different plasma Hcy concentrations were associated with
the incidence or prevalence of DR and PDR in all studies.
For example, in the Greek study, the threshold was found to
be 13.7 umol/L." A high prevalence of DR was perceived
in patients with type 2 DM who had fasting Hcy concentra-
tions above 15 pmol/I.1'>2!

Some studies suggest the relatedness between Hcy levels
and the development of macular edema in patients with
type 2 DM. Mild to moderate elevation of Hcy may explain
the role of vascular dysregulation and endothelial dysfunc-
tion in patients who had DR. The present study suggests
that HHcy could be a significant risk factor for the develop-
ment of macular edema.?” Li et al. concluded that plasma
total Hcy concentration is independently associated with
the occurrence of macular edema in patients with type 2
DM.28

Some authors have argued that the decreased serum con-
centration of folic acid and vitamin B12, through raising se-
rum Hcy concentrations, may also affect DR risk. According
to the Greek study, folic acid is associated with decreased
odds for DR. A threshold exists in serum vitamin B12 level
(248.4 pg/mL) below which serum Hcy concentration sig-
nificantly elevates with a decline in serum vitamin B12.1"*!
The data from an Indian study showed that higher Hcy lev-
els were remarkably affiliated with lower vitamin B12 and
folic acid but not with other B vitamins." A study by Y. Sato
et al. found that metformin-induced B12 decline in DM was
related to the elevation of Hcy, and HHcy was indepen-
dently associated with DR.”?%

CONCLUSION

HHcy is positively associated with the increased risk of the
development of DR and PDR. Further research is required
to determine the threshold standard plasma Hcy concen-
tration level that can lead to the prevalence or incidence of
DR in patients with type 2 DM. Plasma Hcy concentration
can be a pivotal indicator for assessing microvascular risk
for the development and advancement of DR. Further re-
search can help health care providers to use plasma Hcy as
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a simple blood test to screen for DR and prevent visual im-
pairment and blindness by taking timely measures. Treat-
ment of individuals with an existing HHcy condition with
folate and vitamin B12 also could reduce the risk of micro-
vascular complications.

Disclosures

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Funding: No funding was obtained for the entirety of this research.

Authorship Contributions: Concept - A.F, M.C;; Design — AF,
M.C.; Supervision — K.T., K.S; Literature search — A.F,, M.C.; Writing
- A.F.,, M.C;; Critical Review - K.T., K.S.

REFERENCES

1. Satyanarayana A, Balakrishna N, Pitla S, Reddy PY, Mudili
S, Lopamudra P, et al. Status of B-vitamins and homocys-
teine in diabetic retinopathy: association with vitamin-
B12 deficiency and hyperhomocysteinemia. PLoS One
2011;6(11):e26747. [CrossRef]

2. Yau JW, Rogers SL, Kawasaki R, Lamoureux EL, Kowalski JW,
Bek T, et al; Meta-Analysis for Eye Disease (META-EYE) Study
Group. Global prevalence and major risk factors of diabetic
retinopathy. Diabetes Care 2012;35(3):556-64. [CrossRef]

3. Cai J, Boulton M. The pathogenesis of diabetic retinopathy:
old concepts and new questions. Eye (Lond) 2002;16(3):242—
60. [CrossRef]

4. Ramandeep S, Kim R, Chandran A, Vishali G, Amod G. Diabetic
retinopathy: An update. Indian J Ophthalmol 2008;56(3):179-
88. [CrossRef]

5. Nadia KW, Darin RG, Jay SD. Proliferative Diabetic Retinopa-
thy. In: Hajizadeh F, editor. Atlas of ocular optical coherence
tomography. 1st ed. Philadelphia: Elsevier; 2017. p. 88-9.

6. Brustolin S, Giugliani R, Félix TM. Genetics of homocysteine
metabolism and associated disorders. Braz J Med Biol Res
2010;43(1):1-7. [CrossRef]

7. Wijekoon EP, Brosnan ME, Brosnan JT. Homocysteine metabo-
lism in diabetes. Biochem Soc Trans 2007;35(Pt 5):1175-9.

8. Starkebaum G, Harlan JM. Endothelial cell injury due to cop-
per-catalyzed hydrogen peroxide generation from homocys-
teine. J Clin Invest 1986;77(4):1370-6. [CrossRef]

9. Vaccaro O, Ingrosso D, Rivellese A, Greco G, Riccardi G. Mod-
erate hyperhomocysteinaemia and retinopathy in insulin-de-
pendent diabetes. Lancet 1997;349(9058):1102-3. [CrossRef]

10. Cho HC. The relationship among homocysteine, bilirubin,
and diabetic retinopathy. Diabetes Metab J 2011;35(6):595-
601. [CrossRef]

11. Huang EJ, Kuo WW, Chen YJ, Chen TH, Chang MH, Lu MC, et
al. Homocysteine and other biochemical parameters in Type 2

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

diabetes mellitus with different diabetic duration or diabetic
retinopathy. Clin Chim Acta 2006;366(1-2):293-8. [CrossRef]
Brazionis L, Rowley K Sr, Itsiopoulos C, Harper CA, O'Dea
K. Homocysteine and diabetic retinopathy. Diabetes Care
2008;31(1):50-6. [CrossRef]

Hoogeveen EK, Kostense PJ, Eysink PE, Polak BC, Beks PJ, Ja-
kobs C, et al. Hyperhomocysteinemia is associated with the
presence of retinopathy in type 2 diabetes mellitus: the Hoorn
study. Arch Intern Med 2000;160(19):2984-90. [CrossRef]

Fotiou P, Raptis A, Apergis G, Dimitriadis G, Vergados |, Theo-
dossiadis P. Vitamin status as a determinant of serum homo-
cysteine concentration in type 2 diabetic retinopathy. J Diabe-
tes Res 2014,;2014:807209. [CrossRef]

Abdella NA, Mojiminiyi OA, Akanji AO, Moussa MA. Asso-
ciations of plasma homocysteine concentration in subjects
with type 2 diabetes mellitus. Acta Diabetol 2002;39(4):183-
90. [CrossRef]

Lei X, Zeng G, Zhang Y, Li Q, Zhang J, Bai Z, et al. Association
between homocysteine level and the risk of diabetic retinop-
athy: a systematic review and meta-analysis. Diabetol Metab
Syndr 2018;10:61. [CrossRef]

Xu C, Wu Y, Liu G, Liu X, Wang F, Yu Jing. Relationship be-
tween homocysteine level and diabetic retinopathy: a sys-
tematic review and meta-analysis. Diagnostic Pathology
2014;9(1):167. [CrossRef]

Looker HC, Fagot-Campagna A, Gunter EW, Pfeiffer CM, Na-
rayan KM, Knowler WG, et al. Homocysteine as a risk factor for
nephropathy and retinopathy in Type 2 diabetes. Diabetolo-
gia 2003;46(6):766-72 [CrossRef]

Gupta P, John D, Rebekah G, John SS. Role of hyperhomocys-
teinemia in proliferative diabetic retinopathy: A case-control
study. Indian J Ophthalmol 2018;66(10):1435-40. [CrossRef]
Malaguarnera G, Gagliano C, Giordano M, Salomone S, Va-
cante M, Bucolo C, et al. Homocysteine serum levels in dia-
betic patients with non proliferative, proliferative and without
retinopathy. Biomed Res Int 2014;2014:191497. [CrossRef]

Lim CP, Loo AV, Khaw KW, Sthaneshwar P, Khang TF, Hassan
M, et al. Plasma, aqueous and vitreous homocysteine levels
in proliferative diabetic retinopathy. The Br J Ophthalmol
201 2;95(5)2704—7. [CrossRef]

Aydemir O, Turkgloglu P, Guler M, Celiker U, Ustiindag B,
YilmazT, et al. Plasma and vitreous homocysteine concentra-
tions in patients with proliferative diabetic retinopathy. Retina
2008;28(5)2741 —3. [CrossRef]

Agullé-Ortuiio MT, Albaladejo MD, Parra S, Rodriguez-Mano-
tas M, Fenollar M, Ruiz-Espejo F, et al. Plasmatic homocysteine
concentration and its relationship with complications associ-
ated to diabetes mellitus. Clin Chim Acta 2002;326(1-2):105-
12. [CrossRef]


https://doi.org/10.1371/journal.pone.0026747
https://doi.org/10.2337/dc11-1909
https://doi.org/10.1038/sj.eye.6700133
https://doi.org/10.4103/0301-4738.40355
https://doi.org/10.1590/S0100-879X2009007500021
https://doi.org/10.1042/BST0351175
https://doi.org/10.1172/JCI112442
https://doi.org/10.1016/S0140-6736(05)62327-6
https://doi.org/10.4093/dmj.2011.35.6.595
https://doi.org/10.1016/j.cca.2005.10.025
https://doi.org/10.2337/dc07-0632
https://doi.org/10.1001/archinte.160.19.2984
https://doi.org/10.1155/2014/807209
https://doi.org/10.1007/s005920200033
https://doi.org/10.1186/s13098-018-0362-1
https://doi.org/10.1186/s13000-014-0167-y
https://doi.org/10.1007/s00125-003-1104-x
https://doi.org/10.4103/ijo.IJO_350_18
https://doi.org/10.1155/2014/191497
https://doi.org/10.1136/bjophthalmol-2011-301044
https://doi.org/10.1097/IAE.0b013e31816079fb
https://doi.org/10.1016/S0009-8981(02)00287-5

6 Fatima et al., Homocysteine and Diabetic Retinopathy / doi: 10.5505/anatoljfm.2021.16056

24. Aydin E, Demir HD, Ozyurt H, Etikan I. Association of plasma homocysteinemia and Diabetic Retinopathy. Pak J Ophthal-
homocysteine and macular edema in type 2 diabetes melli- mol 2013;29(4):197-201.
tus. Eur J Ophthalmol 2008;18(2):226-32. [CrossRef] 28. Goldstein M, Leibovitch |, Yeffimov |, Gavendo S, Sela B-A
25. LiJ,ZhangH, ShiM,YanL, Xie M.Homocysteineis linked to mac- Loewenstein A. Hyperhomocysteinemia in patients with dia-
ular edema in type 2 diabetes. Curr Eye Res 2014;39(7):730-5 betes mellitus with and without diabetic retinopathy. Nature
26. Sato Y, Ouchi K, Funase Y, Yamauchi K, Aizawa T. Relationship Eye 2004;18(1):460-5. [CrossRef]
between metformin use, vitamin B12 deficiency, hyperhomo-  29. Nguyen TT, Alibrahim E, Islam FM, Klein R, Klein BE, Cotch MF,
cysteinemia and vascular complications in patients with type et al. Inflammatory, hemostatic, and other novel biomarkers
2 diabetes. Endocr J 2013;60(12):1275-80. [CrossRef] for diabetic retinopathy: the multi-ethnic study of atheroscle-

27. Ghayoor |, Shabana S, Ghazala T. Association between Hyper- rosis. Diabetes Care. 2009;32(9):1704-9. [CrossRef]


https://doi.org/10.1177/112067210801800210
https://doi.org/10.3109/02713683.2013.877933
https://doi.org/10.1507/endocrj.EJ13-0332
https://doi.org/10.1038/sj.eye.6700702
https://doi.org/10.2337/dc09-0102



