
ÖZET
Amaç:  Retinal arter oklüzyonu (RAO), oftalmolojik hastalıkların en önemli acil durumlarından biridir. Tromboembolizm RAO'nun ana etiyolojik faktörüdür. Monosit/
yüksek dansiteli lipoprotein kolesterol (HDL) oranını (MHO), çeşitli inflamatuar bozukluklarda, kardiyovasküler ve serebrovasküler hastalıklarda yeni bir prognostik 
biyobelirteçtir. Bu çalışmanın amacı RAO geçirmiş hastalarda MHO incelemektir.
Gereç ve Yöntemler:  Retrospektif olarak yapılan bu çalışmada, Ocak 2015 ile Mayıs 2019 tarihleri arasında muayene olan hastaların dosya kayıtları değerlendirildi. 
Çalışmaya toplam 76 hasta dahil edildi. Hastalar iki gruba ayrıldı. RAO tanısı alan 38 hasta grup 1, 38 katılımcı ise grup 2 (kontrol grubu) olarak kabul edildi. Grup 1'de 
23 hasta santral retinal arter oklüzyonu (SRAO), 15 hasta ise retinal arter dal oklüzyonu (RADO) olarak sınıflandırıldı.
Bulgular:  Gruplar arasında cinsiyet ve yaş açısından fark yoktu (p=0,231 ve p=0,685). Gruplar kardiyovasküler hastalıklar, sistemik hipertansiyon ve diyabet açısından 
benzerdi (p=0,341, p=0,427, p=0,554, sırasıyla). Ortalama MHO, RAO grubunda kontrol grubuna göre anlamlı olarak daha yüksekti (14.9±5.5'e karşı 7.9±1.9, p <0.001). 
Alıcı çalışma karakteristikleri analizinde, MHO için eğri altındaki alan 0.908 olup MHO > 9.95 değeri % 89.5 duyarlılık ve % 84.2 özgüllük ile RAO' yu öngörmüştür. Tek 
değişkenli lojistik regresyonda, MHO’nın, RAO' nun bağımsız bir prediktörü olduğu görülmüştür (OR = 1.892; % 95 CI = 1.398-2.561; p <0.001).
Sonuç:  MHO'nın sistemik inflamasyon ve vasküler-tıkayıcı hastalıklar için basit, kullanışlı ve ucuz bir öngörücü biyobelirteç olduğu gösterilmiştir. Çalışmamız, artmış 
MHO'nın RAO ile önemli ölçüde ilişkili olduğunu göstermiştir. Ayrıca, MHO'nın hem SRAO hem de RADO'da daha yüksek olduğunu ortaya koymuştur. Bu nedenle MHO, 
riskli hastalarda RAO' nun gelişmesi açısından öngörücü bir biyobelirteç olabilir.
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ABSTRACT
Aim:  Retinal artery occlusion (RAO) is one of the most important emergencies of ophthalmologic diseases. Thromboembolism is the main etiological factor in RAO. 
Monocyte to HDL cholesterol ratio (MHR) is a novel prognostic biomarker in several inflammatory disorders, various cardiovascular and cerebrovascular diseases. In 
this study, it was aimed to investigate MHR in RAO patients.
Materials and Methods:  In this retrospective study, the record files of subjects who were examined between January 2015 and May 2019 were reviewed. Seventy-six 
subjects were enrolled in the groups. Thirty-eight patients with RAO were considered as group 1, 38 participants were considered as group 2 (control group). In group 
1, 23 patients were classified as central retinal artery occlusion (CRAO), and 15 patients were classified as branch retinal artery occlusion (BRAO).
Results:  There was no difference in terms of gender and age among the groups (p=0.231 and p=0.685). As well, the groups were similar in terms of cardiovascular 
diseases, systemic hypertension, and diabetes mellitus (p=0.341, p=0.427, p=0.554, respectively). The mean MHR was higher in group 1 compared to the group 2, 
significantly (14.9±5.5 vs 7.9±1.9, p<0.001). The area under the curve for MHR was 0.908 in receiver operating characteristics analysis and an MHR of > 9.95 predicted 
RAO with a specificity of 84.2% and sensitivity of 89.5%. In univariate logistic regression, MHR was found to be an independent predictor of RAO (OR=1,892; 95% 
CI=1,398-2,561; p<0,001). 
Conclusions:  MHR has been shown to be a simple, useful and inexpensive predictive biomarker for systemic inflammation and vascular-occlusive diseases. Our study 
showed that increased MHR was significantly associated with RAO. Also, we have researched the level of MHR in patients with RAO and presented that MHR is higher 
in both CRAO and BRAO.  Therefore, MHR may be a predictive biomarker for the emergence of RAO in risky patients.
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INTRODUC TION 
	 Retinal artery occlusion (RAO) is one of the most important 
emergencies of ophthalmologic diseases (1). Painless, sudden 
unilateral partial/total loss of vision that develops within 
minutes or hours is the symptoms of RAO. The incidence of 
RAO varies between 1 and 3 in 100 000 (2,3). Although this 
disease can be seen in the first and ninth decades, it occurs 
most often in the sixth decade and bilateral involvement was 
observed in 1-2% of the cases (2). In general, RAO is categorized 
as branch retinal artery occlusion (BRAO) and central retinal 
artery occlusion (CRAO) due to the placement of the occluded 
artery. CRAO is more common than BRAO but BRAO is more 
than CRAO when only young patients are considered (4).
	 Thromboembolism is the main etiological factor both in 
BRAO and CRAO (5). Major risk factors in elderly patients are 
systemic hypertension, diabetes mellitus, atherosclerosis, 
cardiovascular and cerebrovascular diseases (5). Embolic events 
due to vasculitis, congenital vascular or cardiac anomalies, 
hyperhomocysteinemia, antiphospholipid antibody syndrome, 
and hypercoagulability are more prominent in young patients 
(6,7). Particularly, atherosclerosis is the major risk factor of many 
vascular-occlusive disorders such as atrial fibrillation, acute 
myocardial infarction (AMI), stroke, and retinal vein occlusion 
(8,9). In addition, increased inflammation and accumulation of 
lipids are the main features of atherosclerosis (10,11). 
	 It is known that monocytes have a major mission in 
the pro-inflammatory cascades, pro-oxidant reactions, 
and development of atherosclerosis. Besides, high-density 
lipoprotein cholesterol (HDL-c) has reverse effects against 
monocytes (12,13). Recently, it has been shown that monocyte 
to HDL cholesterol ratio (MHR) is a novel prognostic biomarker 
in several inflammatory disorders, various cardiovascular and 
cerebrovascular diseases (14-17). From this point of view, it was 
aimed in this study to analyze the MHR level in RAO patients. 

MATERIALS AND METHODS
	 This retrospective study adhered to the principles of the 
Declaration of Helsinki and was conducted in the Department 
of Ophthalmology at Necmettin Erbakan University, Faculty of 
Medicine with approval from the local ethics committee. The 
record files of subjects who were examined between January 
2015 and May 2019 were reviewed and 38 patients (CRAO=23 

patients, BRAO=15 patients) who were diagnosed with signs of 
an acute RAO were participated in this study.
	 Basically, subjects who had an anamnesis of sudden vision 
loss in one eye were diagnosed with CRAO in case of albescent 
retina with cherry red spot due to the retinal ischemia by 
dilated fundus examination. In addition, BRAO diagnosis was 
based on due to visualization of retinal opacity in the region 
of occluded branch retinal artery or visualization of emboli 
located at occluded branch retinal artery in patients with an 
anamnesis of sudden visual deterioration in one eye. Also, 
spectral-domain optical coherence tomography (SD-OCT) was 
done at first visit to all patients to detect acute retinal edema.
  After the subjects had fasted for at least 12 hours, venous blood 
was drawn into K2-EDTA tubes. An automated hematology 
analyzer (XN-1000, Sysmex America, Inc.) was used to count 
the monocytes in each subject, and a chemistry analyzer 
(ARCHITECT c16000, Abbott, Illinois, USA) was used to measure 
the HDL levels. By dividing each subject's monocyte count by 
their HDL level, the MHR was determined. 
	 All subjects with inadequate information or doubtful 
diagnosis and RAO patients presenting later than 5 days of 
symptom onset were excluded. Also, the patients who have 
anamnesis of any ocular diseases, of vasculitis, of blood 
dyscrasias, of hepatic disorders, of renal failure, of autoimmune 
diseases, of acute systemic infections; and the patients with 
a history of surgery recently, with a history of any systemic/
topical medication usage such as non-steroid/steroid drugs, 
anti-hyperlipidemic medications, anticoagulant medications, 
and alcohol consumption were not included in the groups. 
In addition, the control group was created from subjects with 
senile cataracts.
	 The statistical analyses were done by SPSS 20.0 software 
(SPSS Inc., Chicago, IL). Number and percentage values were 
used to express the categorical variables. Numerical variables 
with a normal distribution were displayed as mean±standard 
deviation (SD). To analyze categorical data, the Pearson 
chi-square test was employed. For non-parametric values 
between groups, the Kruskal-Wallis test was employed, and for 
parametric values between groups, the one-way ANOVA test 
was utilized. In order to predict the sensitivity and specificity 
for RAO, the best cut-off value for MHR was determined using 
receiver-operating-characteristic (ROC) curves. A measure of 
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									         Mean ± SD					     p
							       RAO Group			   Control Group
Gender (Female/Male)				    11/27				    16/22				    0.231
Age (years)					     60.7±16.1			   61.2±6.1				   0.685
Monocyte (×109/L)				    634.4±165.1			   397.5±107.6			   <0.001
HDL (mg/dL)					     44.5±8.4				   51.21±10.1			   0.002
MHR						      14.9±5.5				   7.9±1.9				    <0.001
Cardiovascular disease (n)				   10				    6				    0.341
Hypertension (n)					    11				    8				    0.427
Diabetes mellitus (n)				    8				    6				    0.554
HDL: High-density lipoprotein  MHR: Monocyte/HDL ratio

Table 1.  Demographic characteristics and hematologic parameters of the groups.
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the test's accuracy called the area under the curve (AUC) was 
computed. A univariate logistic regression model was used 
to calculate the adjusted odds ratio (OR) and 95% confidence 
interval (CI) for the independent association between MHR 
and RAO. At P < 0.05, statistical significance was established.

RESULTS
	 The demographic characteristics and laboratory 
parameters were shown in Table 1. The groups did not differ 
in terms of gender or age (p=0.231 and p=0.685). As well, the 
groups' rates of diabetes mellitus, systemic hypertension, and 
cardiovascular diseases were comparable (p=0.341, p=0.427, 
p=0.554, respectively).
	 When laboratory parameters were compared between 
the two groups, it was found that the RAO patients had a 
considerably higher mean MHR (p <0.001). Also, the optimal 
cut-off value of MHR for RAO was calculated as 9.95 with 84.2% 
specificity and 89.5% sensitivity and AUC was 0.908 (Figure 1). 
Furthermore, an investigation of univariate logistic regression 
revealed that MHR was a separate predictor of RAO (OR=1,892; 
95% CI=1,398 -2,561; p<0,001).
	 Moreover, there were no differences in gender, age, the 
mean monocyte count, HDL, and MHR values between the 
patients with BRAO and CRAO (p=0.791, p=0.695, p=0.767, 
p=0.156, p=0.083).

DISCUSSION
	 Actually, inflammation is a defense mechanism which 
is a body response in case of acute stress but in many 

Figure 1.  The receiver-operating characteristic curve 
analysis for MHR in RAO.

systemic disorders such as cardiovascular diseases, cancer, 
and atherosclerosis there is a subclinical inflammation due 
to the persistent elevation of inflammatory biomarkers (18-
22). Basically, monocytes, smooth muscle cells, lymphocytes 
infiltration and lipid accumulation into the arterial wall which 
starts a continuous inflammatory reaction is the hallmarks of 
atherosclerosis (23). In this inflammatory cascade, monocytes 
and macrophages have a pivotal role (24). They are the main 
source of certain proinflammatory cytokines and reactive 
oxygen species (24). As a result, the accumulation of these 
substances develops atherosclerotic plaque. When vulnerable 
plaques rupture, thromboembolic events arise and acute 
ischemia occurs due to the complete occlusion of the blood 
vessel in the affected tissue (25,26). Indeed, the eye is one of 
the target organs in thromboembolic events. 
	 As far as is known, the etiology of RAO is multifactorial. 
Many disorders may be the reason for this ophthalmic 
emergency. Carotid artery dissection, cardiogenic embolism, 
giant cell arteritis, Susac syndrome, Fabry disease, sickle cell 
disease are the possible causes of RAO but it is known that 
70% cause of BRAO or CRAO is ipsilateral internal carotid 
artery (ICA) atherosclerosis (27-30). The first branch of the ICA 
is ophthalmic artery and because of this reason it is an easy 
path for thromboembolic plaque to cause occlusions in the 
eye, primarily. The source of thromboembolism is usually fibrin 
or cholesterol plaque from the atherosclerotic background 
and particularly, thromboembolic plaque can cause blockages 
at the distal side to the bifurcation of retinal arteries (29). 
These thromboembolic plaques may be visible at admission 
in approximately 40% of patients (31). Thus, the absence of a 
thromboembolic plaque does not exclude the possibility of 
embolic occlusion. The possible causes of and risk fac¬tors for 
RAO are similar to those of cerebrovascular ischemic events, 
coronary artery disease (CAD), ischemic heart disease and it 
is known that RAO is associated with systemic hypertension, 
diabetes mellitus, cardiovascular diseases (32). Moreover, 
many studies have revealed that there is a co-occurrence 
of ischemic stroke (IS), transient ischemic attack or AMI with 
RAO (30,33,34). Avery and colleagues have reported that 
ocular ischemic syndrome, BRAO, and CRAO are significantly 
associated with stroke and Park et al. showed that AMI and IS 
significantly increased in the first month after CRAO occurrence 
especially in the first 7 days (35,36).
	 Monocytes are the responsible cells in the first steps 
of prooxidant and proinflammatory and reactions in 
atherosclerosis (12). Besides; HDL-c protects cells from 
inflammatory reactions by inhibiting the oxidation of low-
density lipoprotein cholesterol, reducing macrophage 
migration, and monocyte activation (13). More recently, 
MHR was proposed as a novel marker in many inflammatory 
disorders, cardiovascular and cerebrovascular diseases (14-
17). This is because MHR shows the equalization of pro- and 
anti-inflammatory reactions. Bolayir et al. published that 
MHR level is a predictor of 30-day mortality in patients with 
acute IS (17). As well, Korkmaz et al. reported that increased 
MHR values were independently associated with functionally 
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significant coronary artery lesions (37). Cetin and colleagues 
have demonstrated that MHR is an independent predictor of 
severity of CAD (38).
 In this article, we have researched the level of MHR in 
patients with RAO and presented that MHR is higher in both 
CRAO and BRAO. It is important to state that MHR, particularly 
in subjects with thromboembolic events, may be a useful 
marker for predicting the risk of RAO. The limitations of this 
study are evidently a small sample size, retrospective design, 
and single-center study methodology.

CONCLUSIONS
 As discussed above, it has been shown that MHR is a simple, 
useful, and inexpensive predictive biomarker of systemic 
inflammation and vascular-occlusive diseases. In addition, 
patients with thromboembolic events have a higher risk of RAO 
due to possible similar etiology. In this regard, MHR value may 
be a practical biomarker for evaluation of RAO development in 
risky subjects.

Conflict of interest: The authors declared no conflicts of interest with 
respect to the authorship and/or publication of this article.

Financial conflict of interest: A uthor declares that he did not receive 
any financial support in this study.

Address correspondence to: Enver Mirza, Necmettin Erbakan 
University, Faculty of Medicine, Department of Ophthalmology, 
Konya, Türkiye
e-mail:  envermirza@gmail.com

REFERENCES

1. VonGraefe A. Über embolie der arteria centralis retinae als
ursache plötzlicher erblindung. Graefes Arch Ophthalmol.
1859;5:136–85.

2. Rumelt S, Dorenboim Y, Rehany U. Aggressive systematic
treatment for central retinal artery occlusion. Am J Ophthalmol.
1999;128(6):733–8. doi:10.1016/s0002-9394(99)00359-1.

3. Park SJ, Choi NK, Seo KH, et al. Nationwide incidence of clinically
diagnosed central retinal artery occlusion in Korea, 2008 to
2011. Ophthalmology. 2014;121(10):1933-38. doi: 10.1016/j.
ophtha.2014.04.029.

4. Greven CM, Slusher MM, Weaver RG. Retinal arterial occlu¬sions
in young adults. Am J Ophthalmol. 1995;120(6):776-83. doi:
10.1016/s0002-9394(14)72731-x.

5. Hayreh SS, Podhajsky PA, Zimmerman MB. Retinal artery
occlusion: associated systemic and ophthalmic abnormalities.
Ophthalmology.2009;116(10):1928–36. doi: 10.1016/j.
ophtha.2009.03.006. 

6. Brown GC, Magargal LE, Shields JA, et al. Retinal arterial
obstruction in children and young adults. Ophthalmology.
1981;88(1):18-25. doi: 10.1016/s0161-6420(81)35080-5.

7. Lane DA, Grant PJ. Role of hemostatic gene polymorphisms in
venous and arterial thrombotic disease. Blood. 2000;95(5):1517-
32. PMID: 10688804.

8. Khyzha N, Alizada A, Wilson MD, et al. Epigenetics of
Atherosclerosis: Emerging Mechanisms and Methods. Trends Mol 
Med. 2017;23(4):332-47. doi: 10.1016/j.molmed.2017.02.004.

9. Sodi A, Giambene B, Marcucci R, et al. Atherosclerotic and

thrombophilic risk factors in patients with ischemic central 
retinal vein occlusion. Retina. 2011;31(4):724–29. doi:10.1097/
IAE.0b013e3181eef419.

10. Hansson GK. Inflammatory mechanisms in atherosclerosis. J
Thromb Haemost. 2009;7 Suppl 1:328-31. doi: 10.1111/j.1538-
7836.2009.03416.x.

11.	 Tuttolomondo A, Di Raimondo D, Pecoraro R, et al. Atherosclerosis 
as an inflammatory disease. Curr Pharm Des 2012;18(28):4266-
88. doi: 10.2174/138161212802481237.

12. Ancuta P, Jianbin W, Gabuzda D. CD16+ monocytes produce
IL-6, CCL2 and matrix metalloproteinase-9 upon interaction
with CX3CL1-expressing endothelial cells. J Leukoc Biol.
2006;80(5):1156–64. doi:10.1189/jlb.0206125.

13. Murphy AJ, Woollard KJ. High-density lipoprotein: a potent
inhibitor of inflammation. Clin Exp Pharmacol Physiol.
2010;37(7):710–18. doi:10.1111/j.1440-1681.2009.05338.x.

14. Mirza E, Oltulu R, Katipoğlu Z, et al. Monocyte/HDL Ratio and
Lymphocyte/Monocyte Ratio in Patients with Pseudoexfoliation
Syndrome. Ocul Immunol Inflamm. 2020;28(1):142-46. doi:
10.1080/09273948.2018.1545913.

15. Temiz SA, Daye M. Monocyte/High-Density Lipoprotein Ratio:
An Indicator of Oxidative Stress and Disease Severity in Lichen
Planus Patients. Selcuk Med J 2024;40(1): 29-33. doi:10.30733/
std.2023.01684.

16. Ganjali S, Gotto AM Jr, Ruscica M, et al. Monocyte-to-HDL-
cholesterol ratio as a prognostic marker in cardiovascular
diseases. J Cell Physiol. 2018;223(12):9237-46. doi: 10.1002/
jcp.27028. 

17. Bolayir A, Gokce SF, Cigdem B, et al. Monocyte/high-density
lipoprotein ratio predicts the mortality in ischemic stroke
patients. Neurol Neurochir Pol. 2018;52(2):150-55. doi: 10.1016/j.
pjnns.2017.08.011.

18. Lusis AJ. Atherosclerosis. Nature 2000;407(6801):233–41. doi:
10.1038/35025203.

19. Ross R. Atherosclerosis-An inflammatory disease. New Engl J
Med. 1999;340(2): 115–26. doi: 10.1056/NEJM199901143400207.

20. Moreira DM, da Silva RL, Vieira JL, et al. Role of vascular
inflammation in coronary artery disease: potential of anti-
inflammatory drugs in the prevention of atherothrombosis.
Inflammation and anti-inflammatory drugs in coronary artery
disease. Am J Cardiovasc Drugs. 2015;15(1):1-11. doi: 10.1007/
s40256-014-0094-z.

21.	 Mantovani A, Allavena P, Sica A, et al. Cancer-related inflammation. 
Nature 2008; 454(7203):436-44. doi: 10.1038/nature07205.

22. Galkina E, Ley K. Immune and inflammatory mechanisms of
atherosclerosis. Annu Rev Immunol. 2009;27:165–97. doi:
10.1146/annurev.immunol.021908.132620.

23.	 Falk E. Pathogenesis of atherosclerosis. J Am Coll Cardiol. 2006;47 
(8 Suppl):7–12. doi: 10.1016/j.jacc.2005.09.068.

24. Aukrust P, Halvorsen B, Yndestad A, et al. Chemokines
and cardiovascular risk. Arterioscler Thromb Vasc Biol.
2008;28(11):1909-19. doi: 10.1161/ATVBAHA.107.161240.

25. Badimon, L, Vilahur G. Thrombosis formation on atherosclerotic
lesions and plaque rupture. J Intern Med. 2014;276(6):618–32.
doi: 10.1111/joim.12296.

26. Oklu R. Thrombosis. Cardiovasc Diagn. 2017;7 (Suppl 3):131–3.
doi: 10.21037/cdt.2017.11.08.

27. Ahuja RM, Chaturvedi S, Eliott D, et al. Mechanisms of retinal
arterial occlusive disease in African American and Caucasian
patients. Stroke. 1999;30(8):1506-09. doi: 10.1161/01.
str.30.8.1506.

28. Babikian V, Wijman CA, Koleini B, et al. Retinal ischemia and

MHR in Patients with RAO



11

SELÇUK TIP DERGİSİ/ SELCUK MEDICAL JOURNAL

embolism. Etiologies and outcomes based on a prospective study. 
Cerobrovasc Disc. 2001;12(2):108-13. doi: 10.1159/000047689.

29. Bakri SJ, Luqman A, Pathik B, et al. Is carotid ultrasound
necessary in the evaluation of the asymptomatic Hollenhorst
plaque? Ophthalmology. 2013;120(12):2747-8.e1. doi: 10.1016/j.
ophtha.2013.09.005.

30. Ovbiagele B, Nguyen-Huynh MN. Stroke epidemiology:
advancing our understanding of disease mechanism and
therapy. Neurotherapeutics. 2011;8(3):319–29. doi: 10.1007/
s13311-011-0053-1.

31. Sharma S, Brown GC, Pater JL, et al. Does a Visible Retinal
Embolus Increase the Likelihood of Hemodynamically Significant 
Carotid Artery Stenosis in Patients With Acute Retinal Arterial
Occlusion? Arch Ophthalmol. 1998;116(12):1602-06. doi:10.1001/
archopht.116.12.1602.

32. Varma DD, Cugati S, Lee AW, et al. A review of central retinal
artery occlusion: clinical presentation and management. Eye
(Lond). 2013;27(6):688–97. doi:10.1038/eye.2013.25

33. Helenius J, Arsava EM, Goldstein JN, et al. Concurrent acute
brain infarcts in patients with monocular visual loss. Ann Neurol. 
2012;72(2):286–93. doi: 10.1002/ana.23597.

34. Lee J, Kim SW, Lee SC, et al. Co-occurrence of acute retinal
artery occlusion and acute ischemic stroke: diffusion-weighted
magnetic resonance imaging study. Am J Ophthalmol.
2014;157(6):1231–38. doi: 10.1016/j.ajo.2014.01.033.

35. Avery MB, Magal I, Kherani A, et al. Risk of Stroke in Patients
With Ocular Arterial Occlusive Disorders: A Retrospective
Canadian Study. J Am Heart Assoc. ;8(3):e010509. doi:10.1161/
JAHA.118.010509

36. Park SJ, Choi NK, Yang BR, et al. Risk and risk periods for stroke
and acute myocardial infarction in patients with central retinal
artery occlusion. Ophthalmology. 2015;122(11):2336–43. doi:
10.1016/j.ophtha.2015.07.018.

37. Korkmaz A, Demir M, Unal S, et al. Monocyte-to-high density
lipoprotein ratio (MHR) can predict the significance of
angiographically intermediate coronary lesions. Int J Cardiovasc
Acad. 2017;3(1):16-20. doi.org/10.1016/j.ijcac.2017.05.008.

38. Cetin MS, Ozcan Cetin EH, Kalender E, et al. Monocyte to HDL
Cholesterol Ratio Predicts Coronary Artery Disease Severity and
Future Major Cardiovascular Adverse Events in Acute Coronary
Syndrome. Heart Lung Circ. 2016;25(11):1077-86. doi: 10.1016/j.
hlc.2016.02.023.


