@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

EXPERIMENTAL AND THERAPEUTIC MEDICINE 17: 453-458, 2019

Risk factors for hypertensive retinopathy in a Chinese
population with hypertension: The Beijing Eye study

YOUJING ZHANG, LU ZHAO, HONGYANG LI and YANLING WANG

Department of Ophthalmology, Beijing Friendship Hospital Affiliated to
Capital Medical University, Beijing 100050, P.R. China

Received August 10, 2017; Accepted January 12,2018

DOI: 10.3892/etm.2018.6967

Abstract. Hypertensive retinopathy (HRP) is a clinical feature
and systemic manifestation of hypertension. There have been
few reports on the risk factors for hypertensive retinopathy
in China. The aim of the present study was to describe risk
factors associated with HRP in a population-based sample of
Chinese patients with hypertension in Beijing. The clinical
data of 228 hypertensive patients was retrospectively studied,
including 112 patients with retinopathy for the HRP group
and 116 patients without retinopathy for the NO-HRP group.
Basic clinical data and plasma clinical indicators of the two
groups were compared. Logistic regression models were
used to assess risk factors associated with HRP. Duration of
hypertension, smoking habits, family history of hypertension,
plasma level of endothelin-1 (ET-1) and systolic and diastolic
blood pressure were significantly increased in the HRP group
compared with the NO-HRP group (P<0.05). No significant
differences were identified between the two groups for
other factors. Logistic regression models indicated that
hypertension duration (P<0.001, 95% CI: 0.962-0.988) and
ET-1 level (P<0.001, 95% CI: 1.144-1.278) were significantly
associated with HRP. The diagnostic threshold of ET-1 to
diagnosis HRP was 43.5 ng/l. Of the factors studied, longer
hypertension duration and elevated ET-1 level were identified
to be risk factors for HRP in patients with hypertension from
Beijing. Detecting the plasma level of ET-1 in patients with
hypertension may be a useful diagnostic indicator for HRP.

Introduction

Hypertensive retinopathy (HRP) is a clinical feature and
systemic manifestation of hypertension and one of the leading
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causes of visual impairment among adult patients with hyper-
tension (1,2). The visual impairment is devastating in people
of working age in industrialized countries and affects the daily
lives of millions of people. Epidemiological studies, conducted
in Chinese patients with hypertension, have indicated that
67-73% of patients have fundus lesions and 12-15% have
retinopathy (3,4). Hypertensive retinopathy is a risk factor for
stroke (5), cardiovascular disease (6,7) and cerebrovascular
disease (8). Therefore, it is important to study the risk factors
of retinopathy in hypertensive patients, in order to reduce the
incidence of hypertensive retinopathy and associated cardio-
vascular and cerebrovascular diseases (9,10).

In recent decades, the prevalence of hypertension in China
has increased substantially due to the ageing population and
changes in diet, particularly in eastern populations that account
for 60% of China's total population (11,12). There have been
few reports on the risk factors for hypertensive retinopathy
in China. However, a report on diabetic retinopathy indicated
that longer diabetes duration and elevated blood pressure are
risk factors for diabetic retinopathy in Chinese patients with
diabetes (13).

In the present study, the clinical data of 228 hypertensive
patients were retrospectively studied in order to identify any
associations between HRP and basic clinical data or plasma
parameters, with the aim of revealing risk factors for HRP.

Patients and methods

Ethics statement. The present study was performed with
the approval of the Ethics Committee of Beijing Friendship
Hospital Affiliated to Capital Medical University (Beijing,
China). All aspects of the study complied with the Declaration
of Helsinki (14). In addition, all participants provided written
informed consent for the use of their data in the present study.

Patients. A total of 228 patients with essential hyperten-
sion were recruited from Beijing Friendship Hospital from
August 2016 to June 2017. Patients with essential hypertension
were diagnosed according to WHO/ISH1999 guidelines (15).
All patients underwent retinal photography to diagnose
whether retinopathy was present (5), then they were divided
into a retinopathy group (HRP) and a non-retinopathy group
(NO-HRP). Exclusion criteria for the study included the
presence of secondary hypertension, diabetes, pregnancy,
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hepatic failure, heart failure, goiter, malignant neoplasms or
nephropathy (creatinine, =120 mol/l), or the patient having
received blood products within the previous 15 days.

Clinical parameters. The sex and age of each patient was
recorded. In addition, the patients were asked whether they
smoked and whether they had a family history of hypertension
(a parent or grandparent with hypertension was considered
to indicate a family history of hypertension). The height and
weight of all participants was measured and body mass index
was calculated as follows: Body mass index (kg/m?) = weight
(kg)/height® (m).

The patients were allowed to rest for =10 min before systolic
blood pressure (mmHg) and diastolic blood pressure (mmHg)
were measured using an automated blood pressure monitor
(EW3106; Panasonic, Osaka, Japan). A repeated measure-
ment was performed on a different day (with an interval of
>2 weeks) and the mean average of the two measurements was
calculated (16).

Ophthalmologic examination. A 45° non-mydriatic retinal
photograph centered on the region of the optic disc and macula
was taken from one randomly selected eye following 5 min of
dark adaption. Three professional ophthalmologists evaluated
the images for signs of retinopathy. If ambiguity was observed,
the majority of votes were taken into account. Macular field:
Where the exact center of the optic disc is laid at the nasal
end of the horizontal meridian of the field view. Disc/nasal
field: Where the optic disc is positioned one disc-diameter
in from the temporal edge of the field on the horizontal
meridian. The details of the macular and disc/nasal field, and
the method of ophthalmologic examination were as described
previously (17). Keithy-Wagener grading standards (18) was
used for fundus grading: Level I was defined as retinal artery
thinning with reflective enhancement; Level II demonstrated
retinal artery stenosis and arteriovenous cross oppression;
Level III was based on the vascular lesions of level I and II,
with cotton-like exudate; and Level IV was allocated on the
basis of optic disc edema.

Blood samples. Peripheral blood (5-10 ml) was collected and
EDTA was added, then the sample was centrifuged (1,000 x g,
at room temperature) for 10 min (5810R; Eppendorf, Hamburg,
Germany) to collect plasma. The plasma levels of total
cholesterol (TC), triglycerides (TG), high-density lipoprotein
cholesterol (HDL-chol), low-density lipoprotein cholesterol
(LDL-chol), apolipoprotein A (ApoA) and apolipoprotein B
(ApoB) were measured using an automatic biochemical
analyzer (AU680; Beckman Coulter, Inc., Brea, CA, USA) (19).
The plasma level of endothelin-1 (ET-1) was measured as
previously described (20). Briefly, a C18 sep-column (Thermo
Fisher Scientific, Inc., Waltham, MA, USA) was used to extract
ET-1 from plasma. A radioimmunoassay kit (cat. no. JK0O088;
Peninsula Laboratories International, Inc., San Carlos, CA,
USA) was used to detect the concentration of ET-1 (21,22).

Statistical analysis. SPSS 20.0 (IBM Corp., Armonk, NY,
USA) was used for data analysis. Measurement data are
expressed as the mean + SD. Comparisons between two groups
were performed using Student's t-test or y* tests. One-way
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ANOVA with Duncan's post hoc test was used for comparing
multiple groups. The correlation between plasma level of
ET-1 and hypertension duration in patients with hypertensive
retinopathy was analyzed by Pearson's correlation coefficient.
Logistic regression models were constructed to determine the
odds ratio (OR) and 95% confidence interval (CI) for putative
risk factors associated with HRP. Receiver operating charac-
teristic curve (ROC) was used for to analyze the diagnostic
value of ET-1 in HRP. P<0.05 was considered to indicate a
statistically significant difference.

Results

Basic clinical data. The basic clinical data of the HRP
group (n=112) and the NO-HRP group (n=116) are presented
in Table I. There was no significant difference in age (P=0.924),
sex (P=0.372) or body mass index (P=0.933) between the
two groups. However, the hypertension duration (P=0.001),
systolic blood pressure (P=0.003) and diastolic blood pres-
sure (P=0.004) were significantly higher in the HRP group
compared with the NO-HRP group.

Of the 112 patients in the HRP group, 79 (70.53%) had a
family history of hypertension, which was significantly higher
compared with the NO-HRP group (67/116; 57.76%; P=0.044).
Furthermore, 69/112 (61.61%) patients in the HRP group
smoked, which was significantly higher compared with the
NO-HRP group 50/116 (43.10%; P=0.005).

Plasma index. Blood samples were taken from patients in
each group and centrifuged to separate the plasma. Then,
plasma levels of TC, TG, HDL-chol, LDL-chol, ApoA, ApoB
and ET-1 were detected. The results are presented in Table II.
No significant differences in TC (P=0.824), TG (P=0.751),
HDL-chol (P=0.724), LDL-chol (P=0.129), ApoA (P=0.521)
or ApoB (P=0.804) were observed between the HRP group
and the NO-HRP group. However, the plasma levels of ET-1
were significantly higher in the HRP group compared with the
NO-HRP group (P<0.001).

Logistic regression. To identify risk factors for HRP, logistic
regression analysis was performed with HRP as the depen-
dent variable and age, sex, hypertension duration, body mass
index, family history of hypertension, smoking habit, systolic
blood pressure, diastolic blood pressure, TC, TG, HDL-chol,
LDL-chol, ApoA, ApoB and ET-1 levels as independent
variables. The results indicated that hypertension duration
(P<0.001, 95% CI: 0.962-0.988) and ET-1 level (P<0.001,
95% CI: 1.144-1.278) were significantly associated with the
presence of HRP (Table III).

Diagnostic significance of plasma levels of ET-1. Of the
112 patients in the HRP group, 40 were stage I, 33 were
stage II, 23 were stage III and 16 were stage IV, which was
based on Keithy-Wagener grading standards. The mean ET-1
level of stage I, stage II, stage III and stage IV patients was
50.33+17.20, 61.97+14.51, 84.52+11.37 and 104.06£15.76,
respectively, and the level of ET-1 significantly increased with
each increase in disease stage (P<0.01; Fig. 1A). In addition,
the plasma level of ET-1 was positively correlated with hyper-
tension duration (r=0.842, P<0.01; Fig. 1B).
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Table I. Basic clinical data of the HRP and NO-HRP groups.
Variables HRP (n=112) NO-HRP (n=116) t or %> P-value
Age (years) 58.10+9.67 58.23+11.36 0.096 0.924
Sex

Male 48 43 0.796 0.372

Female 64 73
Hypertension duration (months) 121.16+85.35 83.16+82.11 3426 0.001
Body mass index (kg/m?) 25.08+3.01 25.11+3.12 0.085 0.933
Family history of hypertension

Yes 79 67 4.039 0.044

No 33 49
Smoking

Yes 69 50 7.819 0.005

No 43 66
Systolic blood pressure (mmHg) 156.00+19.01 149.19+14.34 3.057 0.003
Diastolic blood pressure (mmHg) 98.54+11.89 94.67+7.77 2921 0.004
HRP, hypertensive retinopathy; NO-HRP, no hypertensive retinopathy.
Table II. Plasma levels of TC, TG, HDL-chol, LDL-chol, ApoA, ApoB and ET-1 in the HRP and NO-HRP groups.

HRP NO-HRP

Variable (n=112) (n=116) t P-value
TC (mmol/l) 5.29+0.88 5.26£1.07 0.233 0.824
TG (mmol/l) 1.94+0.45 1.92+0.52 0.318 0.751
HDL-chol (mmol/l) 1.33+0.24 1.31£0.30 0.353 0.724
LDL-chol (mmol/l) 3.48+0.24 3.42+0.29 1.523 0.129
ApoA (g/) 1.11+0.17 1.13+0.21 0.643 0.521
ApoB (g/) 0.91+0.14 0.90+0.16 0.248 0.804
ET-1 (ng/l) 68.46+24.31 29.44+14.46 14.738 <0.001

TC, total cholesterol; TG, triglycerides; HDL-chol, high-density lipoprotein cholesterol; LDL-chol, low-density lipoprotein cholesterol; ApoA,
apolipoprotein A; ApoB, apolipoprotein B; ET-1, endothelin-1; HRP, hypertensive retinopathy; NO-HRP, no hypertensive retinopathy.

As indicated in Fig. 1C, the receiver operating character-
istic (ROC) curve of ET-1 for HRP exhibited an area under
the curve (AUC) of 0.918. The Youden index was largest when
plasma level of ET-1 was 43.5 ng/l, suggesting a diagnostic
threshold of 43.5 ng/1 for ET-1 (sensitivity 85.7%, specificity
86.2%).

Discussion

Hypertension, one of the most common chronic diseases
in middle-aged and elderly people, is a primary risk factor
for the occurrence of cardiovascular and cerebrovascular
diseases (23). Recently, hypertension has increasingly gained
the attention of researchers (24,25). The retina is the only
place in the body where it is possible to see small blood vessels
and their changes, using an eye mirror (26,27). Since retinal
arteriolar stenosis is considered to be a typical sign of HRP
and a sign of target organ damage, retinopathy is of great

importance in estimating the duration, severity and prognosis
of hypertension. In the early stages of hypertension, most
of the fundus blood vessels are normal. However, with the
development of the disease, the formation of atherosclerotic
plaques gradually increases the thickness and decreases the
diameter of blood vessels, followed by the development of
arteriosclerosis and the corresponding retinopathy. Eventually,
this results in decreased vision for patients and in severe cases,
blindness (28,29).

In the present study on adults from Beijing, it was demon-
strated that the duration of hypertension, family history of
hypertension, percentage of smokers, blood pressure and
plasma level of ET-1 were significantly increased in the HRP
group compared with the NO-HRP group. Previous research
reported a positive correlation between retinopathy and
blood pressure in patients with hypertension (30). Following
an increase in blood pressure, the microcirculation of the
retina will be damaged to varying degrees (30). However, the
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Table III. Logistic regression analysis with hypertensive retinopathy as the dependent variable.
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Variable B S.E. Wald Sig. Exp(B) 95% CI
Age -0.049 0.030 2.675 0.102 0.953 0.899-1.010
Sex 0.891 0.670 1.767 0.184 2437 0.655-9.063
Hypertension duration -0.025 0.007 13.540 <0.001 0.975 0.962-0.988
Body mass index -0.106 0.102 1.074 0.300 0.900 0.736-1.099
Family history of hypertension -0.351 0.641 0.300 0.584 0.704 0.201-2.471
Smoking -1.085 0.579 3513 0.061 0.338 0.109-1.051
Systolic blood pressure 0.037 0.048 0.598 0.439 1.037 0.945-1.139
Diastolic blood pressure -0.003 0.083 0.002 0.968 0.997 0.847-1.172
TC -0.276 0.714 0.149 0.700 0.754 0.187-3.076
TG 0.736 1.053 0.488 0.485 2.087 0.265-16.426
HDL-chol 0.829 2.810 0.087 0.768 2.291 0.009-564 .45
LDL-chol 1.531 1.709 0.802 0.371 4.621 0.162-131.75
ApoA -8.536 4010 4.532 0.053 0.000 0.000-0.508
ApoB 5.705 3.290 3.007 0.083 300.349 0.488-20.646
ET-1 0.190 0.028 45.223 <0.001 1.210 1.144-1.278

TC, total cholesterol; TG, triglycerides; HDL-chol, high-density lipoprotein cholesterol; LDL-chol, low-density lipoprotein cholesterol; ApoA,
apolipoprotein A; ApoB, apolipoprotein B; ET-1, endothelin-1; CI, confidence interval.
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Figure 1. Plasma levels of ET-1 as a biomarker for HRP. (A) Plasma levels of ET-1 at different stages of HRP. (B) Correlation between plasma level of ET-1 and
hypertension duration in patients with HRP. (C) Receiver operating characteristic curve for plasma level of ET-1 in HRP. ET-1, endothelin-1; HRP, hypertensive

retinopathy.

risk of retinopathy is reduced if blood pressure is controlled
effectively. This is why blood pressure was included in the
regression analysis, since it may be affected by long-term

use of anti-hypertensive drugs in patients with hypertension.
However, the occurrence of HRP appears to be affected
by multiple factors. Thus, logistic regression analysis was



performed to identify the risk factors for HRP in a sample of
adults from Beijing. In the present study, it was identified that
longer duration of hypertension and higher plasma level of
ET-1 were risk factors for HRP.

ETs are the strongest known vasoconstrictors and form a
peptide family that includes three subtypes. ET-1 is the most
abundant and important of the three subtypes of ET and is
primarily produced by vascular endothelial cells (31,32).
Previous research has demonstrated that ET-1 serves a key
function not only in the occurrence and development of
hypertension, but also in target organ damage of hypertension,
including carotid atherosclerosis (33), left ventricular hyper-
trophy fibrosis (34) and renal damage (35). Retinopathy reflects
small blood vessel disease in patients with hypertension and
the severity of HRP is significantly associated with target
organ damage in hypertension (36). Therefore, the occurrence
of HRP may also be associated with ET-1. In the present study,
plasma ET-1 levels were measured in 112 patients with HRP
and a positive correlation was identified between plasma level
of ET-1 and the duration of hypertension. Higher levels of
plasma ET-1 were also associated with more severe HRP.

In a normal physiological state, low concentrations of
ET-1 serve key functions in the regulation and maintenance of
retinal vasomotor and blood flow stability by binding specific
receptors (37). However, in hypertension, the blood is in a
highly solidified state, which causes the blood flow rate to slow
down and results in tissue ischemia and hypoxia (38). ET-1 is
released and accumulates when vascular endothelial cells are
damaged due to ischemia and hypoxia (39,40). Furthermore,
high concentrations of ET-1 may cause severe damage to
the blood-retinal barrier, impaired endothelial cell function,
increased vascular permeability and consequent retinal capil-
lary leakage (41-43). Therefore, the vessel wall shear force
changed with high blood pressure, which caused elevated
plasma ET-1 levels. Furthermore, retinal arteriolar contraction,
vascular endothelial dysfunction and other changes are caused
by binding between ET-1 and the ET-1 receptor, resulting in
thin blood vessels and other retinal lesions (44).

To evaluate the diagnostic value of ET-1 for hyperten-
sion retinopathy, the AUC of a diagnostic ROC curve was
calculated. The AUC of ET-1 was demonstrated to be 0.918
and the sensitivity was 85.7% and specificity was 86.2% when
the diagnostic threshold of ET-1 was 43.5 ng/1. Based on these
results, is it proposed that ET-1 may be a useful diagnostic
indicator for HRP.

In conclusion, in patients with hypertension from Beijing,
hypertension duration, family history of hypertension,
smoking, blood pressure and plasma level of ET-1 are asso-
ciated with HRP. Hypertension duration and plasma level of
ET-1 are risk factors for HRP. In addition, detecting the plasma
level of ET-1 in patients with hypertension may be a useful
diagnostic indicator for HRP.
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