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Abstract
Patients with progressing chronic kidney disease (CKD) are more likely to experience 
cardio- and cerebrovascular events than progressing to end-stage renal disease. The au-
thors explored whether retinal microvascular calibers differed with the degree of renal 
impairment and between the standard and extended optic disk and may serve as a sim-
ple additional tool for risk stratification in this highly vulnerable patient cohort. The au-
thors analyzed central retinal arteriolar and venular equivalent calibers (CRAE, CRVE) at 
different retinal zones (zone B&C) using digital retinal imaging in hypertensive patients 
with stage 2 (n = 66) or stage 3 CKD (n = 30). Results were adjusted for age, sex, HbA1c, 
and 24-hour diastolic blood pressure. Mean eGFR was 77.7 ± 8.9 and 48.8 ± 7.9 ml/
min/1.73 m2 for stage 2 and 3 CKD, respectively. CRAE and CRVE in zones B and C 
were significantly lower in patients with stage 3 CKD compared to patients with stage 
2 CKD (CRAE-B:141.1 ± 21.4 vs. 130.5 ± 18.9 µm, p =  .030; CRAE-C:137.4 ± 19.4 vs 
129.2 ± 18.2 µm, p =  .049; CRVE-B:220.8 ± 33.0 vs. 206.0 ± 28.4 µm, p =  .004; and 
CRVE-C:215.9  ±  33.0 vs. 201.2  ±  25.1µm, p  =  .003). In patients with stage 2 CKD, 
CRAE-B was higher than CRAE-C (141.1 ± 21.4 vs. 137.4 ± 19.4µm, p < .001). In contrast, 

www.wileyonlinelibrary.com/journal/jch
https://orcid.org/0000-0001-6864-8514
mailto:﻿
https://orcid.org/0000-0002-1765-0195
mailto:markus.schlaich@uwa.edu.au


310  |    KANNENKERIL et al.

1  |  INTRODUC TION

Chronic kidney disease (CKD) is a global health burden 1 and is esti-
mated to affect up to 10 to 16 percent of the adult population.2,3 The 
prevalence of CKD is probably underestimated since the disease is 
often asymptomatic at its early stages. It is estimated that over 90% of 
diagnosed cases have already reached stage 3 CKD.4 Early detection 
and therapeutic intervention may slow down or halt progression of the 
disease to end-stage renal disease and vascular complications.5

CKD is associated with increased risks of cerebrovascular and car-
diovascular morbidity and mortality and decreased quality of life in all 
stages of the disease.6-8 It has been reported that CKD increases the 
risk of stroke by a factor of 3.7 with end-stage kidney disease being 
associated with the highest risk.9 Patients with progressing CKD are 
more likely to experience cardiovascular and cerebrovascular events 
rather than progressing to end-stage renal disease.

Renal microvascular pathology is thought to play an important 
role in the development of CKD.10 Several studies have demon-
strated correlations between retinal and renal microvascular 
changes in various diseases.11,12 Moreover, the microvascular 
changes that can be observed in the retina resemble those in the 
brain.13,14 Thus, investigation of the retinal vasculature is likely to 
also reflect renal and cerebral microcirculatory changes. Advances 
in technology have enabled noninvasive, in-depth assessment 
of microcirculation using retinal photography and computerized 
image analysis.

Analysis of retinal microvascular calibers is emerging as an im-
portant marker of many vascular conditions.15,16 Previous studies 
have looked at the relationship between retinal calibers and CKD, 
but findings were mixed. In this study, we explored whether retinal 
microvascular calibers differed with the early degree of renal im-
pairment in patients with primary hypertension and may serve as a 
simple additional tool for risk stratification in this highly vulnerable 
patient cohort. The novelty of this study is that we also explored the 
differences in retinal microvascular calibers between the standard 
and extended optic disks.

2  |  METHODS

2.1  |  Study design

We performed a prospective, cross-sectional study in patients 
with arterial hypertension from February 2016 to October 2019. 
The study was conducted at the Dobney Hypertension Centre, 

Royal Perth Hospital, Perth, Australia. The study was approved 
by the East Metropolitan Health Service Ethics and Governance 
Committees (EC00270, REG Number: RGS1040). The study was 
performed in accordance with the Declaration of Helsinki and the 
principles of Good Clinical Practice guidelines. All patients pro-
vided written informed consent prior to inclusion in the study. In 
all patients, digital retinal imaging was performed. Patients with 
retinal disease (glaucoma, age-related macular degeneration) or 
previous retinal surgery were excluded. The glomerular filtration 
rate (eGFR) was calculated using the CKD-EPI formula. Patients 
with eGFR between 60 and 89 ml/min/1.73 m2 were categorized 
to have stage 2 CKD and patients with eGFR between 30 and 
59 ml/min/1.73 m2 to have stage 3 CKD.

2.2  |  Study cohort

Patients were referred to our tertiary hospital-based hypertension 
clinic at the Royal Perth Hospital, Perth, Australia, for management of 
hypertension predominantly from primary care physicians. Following 
a thorough medical history, physical examination, and collection of 
anthropometric data, a series of relevant tests was performed rou-
tinely in all patients, which includes simultaneous office blood pres-
sure (BP) measurement on both arms (WatchBP®; Microlife AG Swiss 
Corporation, Widnau, Switzerland). On the arm with higher BP, 3 unat-
tended consecutive automated office BPs were measured (HEM 907 
Automatic Blood Pressure Monitor®; Omron Healthcare Co., Kyoto, 
Japan). The average of three measurements was recorded. All patients 
had routine blood samples and midstream urine within 4 weeks prior 
to retinal imaging for biochemistry testing including serum creatinine, 
spot urine albumin, ACR (albumin/creatinine ratio in mg/mmol cre-
atinine), and tests relevant to screen for potential secondary causes 
of hypertension. Patients with identified secondary hypertension 
were not included in this study. On a separate day, patients attend 
the clinic for extended phenotypic testing, which includes retinal im-
aging obtained to assess the retinal vasculature. All participants had 
an ambulatory BP monitor (Spacelabs 90 207, Spacelabs Healthcare, 
Snoqualmie, Washington, United States) in a standardized fashion ac-
cording to the guideline recommendations.17

2.3  |  Digital retinal imaging

Patients attended the Dobney Hypertension Centre (before 
12:00 h), having fasted for 12 hours and abstained from strenuous 

such a difference was not found in patients with stage 3 CKD. CRAE of both retinal 
zones correlated with eGFR for the entire cohort. In patients with stage 3 CKD, retinal 
narrowing is more pronounced compared to patients with stage 2 CKD. Whether the 
novel observation of difference in arteriolar caliber between zones B and C in stage 2 
CKD could serve as an early marker of CKD progression warrants further investigation.
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exercise, caffeine, and alcohol for 24 hours. All participants were 
seated quietly in semidark room for 5 minutes. Patients were asked 
to take their usual BP medications if any after retinal imaging was 
performed. Digital retinal color photographs (disk-centered, 45O 
field) were collected from both eyes with a Canon CR-2 fundus 
camera (Canon CR-2® camera , Ōta, Tokyo, Japan, www.canon.
com).

2.4  |  Retinal image analysis

The analysis of the retinal images has previously been described 
in detail.18 Briefly, retinal images were analyzed with CSIRO semi-
automated software (Vessel AnalysiS Platform). The right eye was 
used mostly for analysis. When images of the right eye were of in-
sufficient quality and images of high quality were available for the 
left eye, then these were utilized for the analysis. The measured 
retinal zones of interest for the vessel width measurements were 
0.5-1.0 disk diameters away from the disk margin (zone B) or 1.0-
2.0 disk diameters away from the disk margin (zone C) (Figure 1). 
Vascular calibers were calculated for the six largest arterioles and 
six largest venules. Summary measures of vascular equivalent ca-
liber were calculated (central retinal arteriolar (CRAE) and venular 
(CRVE) equivalent caliber), based on the improved Knudtson-Parr-
Hubbard formula.19,20 CRAE and CRVE represent the equivalent 
single-vessel parent caliber for the six arterioles and venules, 
respectively.

2.5  |  Statistical analyses

Normal distribution of data was confirmed by the Kolmogorov-
Smirnov tests and histograms before further analysis. Patients with 
missing data were not included in the analysis. Data are presented as 
means with standard deviation (SD) and percentages, respectively. 
Demographic comparisons were performed using a chi-square test 
for categorical variables (sex). Data were compared by paired and 
unpaired Student's t test as appropriate. The covariance analysis was 
performed using univariate linear analysis. Adjustment was made for 
clinical variables including age, sex, HbA1c, and 24-hour diastolic 
BP. Since clinical characteristics were similar between the groups, 
no further adjustments were made. Bivariate correlation analyses 
were performed using Pearson's test. Two-tailed values of p <  .05 
were considered statistically significant. Statistical analysis was per-
formed using IBM SPSS Statistics 25.0.0.1, USA.

3  |  RESULTS

3.1  |  Study population

The clinical characteristics of the patients with stage 2 and 3 CKD 
who enrolled are presented in Table 1. Sixty-six patients with stage 
2 CKD and thirty patients with stage 3 CKD were included in the 
study. Patients with stage 2 and stage 3 CKD were of similar age 
(63.5 ± 12.1 vs. 63.3 ± 13.1 years). The mean eGFR of patients with 
stage 2 CKD was 77.7 ± 8.9 ml/min/1.73 m2 and that of patients with 
stage 3 CKD was 48.8 ± 7.9 ml/min/1.73 m2. Urinary ACR was sig-
nificantly higher in patients with stage 3 CKD (2.4 ± 4.1 mg/mmol vs. 
46.8 ± 78.4 mg/mmol, p = .008). There was no difference in systolic 
and diastolic BP and 24-hour ambulatory BP between the groups. 
Twenty-two patients with stage 2 CKD and thirteen patients with 
stage 3 CKD had type 2 diabetes mellitus without any significant 
difference in HbA1c between the groups. All patients with either 
stage 2 or stage 3 CKD were on antihypertensive drugs. The most 
common drug types prescribed in both groups were calcium chan-
nel blockers (stage 2/3 CKD: 62.1% / 63.3%), angiotensin receptor 
blockers (stage 2/3 CKD: 48.5% / 53.3%), β-blockers (stage 2/3 
CKD: 39.4% / 50.0%), and angiotensin-converting enzyme inhibitors 
(stage 2/3 CKD: 15.2% / 26.7%).

3.2  |  Retinal arteriolar caliber

CRAE in zone B was significantly lower in patients with stage 3 CKD 
compared to patients with stage 2 CKD (CRAE-B: 141.1  ±  21.4 vs. 
130.5 ± 18.9 µm, adjusted p = .030; Figure 2). Similar results were found 
with respect to CRAE in zone C (CRAE-C: 137.4 ± 19.4 vs. 129.2 ± 18.2 µm, 
adjusted p = .049; Figure 2). For patients with stage 2 CKD, the arteriolar 
caliber in zone B was larger than that in zone C (CRAE-B vs. CRAE-C: 
141.1 ± 21.4 vs. 137.4 ± 19.4 µm, p < .001; Figure 2). Such a difference 

F I G U R E  1  Retinal image showing zones of interest for 
assessment of retinal vessel calibers. Zone B 0.5-1.0 and Zone 
C 1.0-2.0 disk diameter distance from the disk margin. Green 
circle at left indicates the fovea
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between zones was not evident in patients with stage 3 CKD (CRAE-B vs. 
CRAE-C: 130.5 ± 18.9 vs. 129.2 ± 18.2 µm, p = .280; Figure 2). A correla-
tion was found between CRAE in both retinal zones and eGFR (CRAE-B: 
r = 0.230, p = .024; CRAE-C: r = 0.208, p = .042; Figure 3). No correlation 
was observed between CRAE of either zone and urinary ACR (CRAE-B: 
r=−0.137, p = .212; CRAE-C: r=−0.159, p = .146).

3.3  |  Retinal venular caliber

CRVE in zone B was significantly lower in patients with stage 3 CKD 
compared to patients with stage 2 CKD (CRVE-B: 220.8 ± 33.0 vs. 
206.0 ± 28.4 µm, adjusted p = .004; Figure 4). Lower CRVE was also 
found in zone C in patients with stage 3 CKD (CRVE-C: 215.9 ± 33.0 
vs. 201.2 ± 25.1 µm, adjusted p = .003; Figure 4). CRVE was signifi-
cantly different between zones B and C in both CKD stages (CRVE-B 
vs. CRVE-C [stage 2 CKD]: 220.8 ± 33.0 vs. 215.9 ± 33.0 µm, p < .001; 
CRVE-B vs. CRVE-C [stage 3 CKD]: 206.0 ± 28.4 vs. 201.2 ± 25.1 µm, 
p  =  .015; Figure  4). No correlation was observed between CRVE 
of both retinal zones, eGFR (CRVE-B: r = 0.196, p =  .061; CRVE-C: 
r = 0.186, p =  .070) and urinary ACR (CRVE-B: r=−0.120, p =  .275; 
CRVE-C: r=−0.098, p = .372).

Both arteriolar and venular retinal calibers of patients with CKD 
are presented in Table 2.

4  |  DISCUSSION

The principal finding of our study is that both retinal arteriolar and 
venular calibers are reduced in patients with stage 3 CKD compared 
to patients with stage 2 CKD. Moreover, we found an association be-
tween eGFR and arteriolar caliber. Our findings suggest that retinal 
microvascular abnormalities may reflect subclinical renal microvas-
cular abnormalities involved in the development of CKD. Whether 
the observed difference in arteriolar caliber between zones B and C 
in stage 2 CKD may be used as an early marker of progression war-
rants further investigation.

Parameter

Stage 2 CKD patients
(n = 66)
mean ± SD

Stage 3 CKD patients
(n = 30)
mean ± SD p value

Age, years 63.5 ± 12.1 63.3 ± 13.1 .938

Sex, % male 53 46.7 .838

Body weight, kg 86.1 ± 19.9 86.3 ± 20.9 .974

BMI, kg/m2 30.5 ± 5.8 30.9 ± 7.0 .743

Office SBP, mmHg 143.3 ± 18.8 143.3 ± 27.0 .998

Office DBP, mmHg 80.7 ± 14.1 78.8 ± 18.9 .615

Office HR, bpm 69.8 ± 11.6 68.2 ± 13.6 .581

24-h SBP, mmHg 140.5 ± 18.0 139.6 ± 19.1 .840

24-h DBP, mmHg 80.9 ± 11.9 76.8 ± 13.4 .146

24-h HR, bpm 72.5 ± 11.1 68.3 ± 12.3 .105

Fasting glucose, mmol/l 6.5 ± 2.2 6.9 ± 2.4 .520

HbA1c, % 6.1 ± 1.2 6.6 ± 1.3 .144

eGFR, ml/min/1.73m2 77.7 ± 8.9 48.8 ± 7.9 <.001

UACR, mg/mmol
creatinine

2.4 ± 4.1 46.8 ± 78.4 .008

Note: Data are given as mean ± SD.
Abbreviations: BMI, body mass index; bpm, beat per minute; CKD, chronic kidney disease; DBP, 
diastolic blood pressure; eGFR, estimated glomerular filtration rate; HR, heart rate; SBP, systolic 
blood pressure; SD, standard deviation; UACR, urinary albumin/creatinine ratio.

TA B L E  1  Clinical characteristics of 
study population

F I G U R E  2  Comparison of retinal arteriolar caliber between 
stage 2 and stage 3 CKD and between 2 different zones (zone B 
and zone C) in each group. The first and second boxplot represent 
CRAE-B and CRAE-C of patients with stage 2 CKD. The third and 
fourth boxplot represent CRAE-B and CRAE-C of patients with 
stage 3 CKD. CRAE—central retinal arteriolar equivalent caliber 
(µm), followed by -B for zone B or -C for zone C, p—p value, *p—p 
value adjusted for age, sex, HbA1c, and 24-hour diastolic BP
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The association between CKD and retinopathy is well es-
tablished.10,21 However, only a few previous studies have ana-
lyzed the association between retinal microvascular parameters 
and CKD.11,22-25 In strong support to our results, Sabanayagam 
et al found an association of both hypertension and retinal arte-
riolar narrowing with a threefold increased likelihood of having 
CKD.23 Wong et al demonstrated in middle-aged people that nar-
rowed arteriolar vessels are related to a more pronounced decline 
in renal function over a 6-year period.11 Contrastingly, another 
study found retinal microvascular caliber in the general popula-
tion was not associated with incident stage 3 CKD.24 However, 
in ethnicity-stratified analysis, narrower retinal arterioles in 
Caucasians were associated with a higher risk of developing stage 

3 CKD, providing evidence that microvascular disease precedes 
the development of CKD. Furthermore, in Caucasians without 
diabetes and hypertension, narrower arterioles were associated 
with approximately threefold higher risk of stage 3 CKD. This sug-
gests that the risk of stage 3 CKD may be related to microvascu-
lar mechanisms beyond the effects of diabetes and hypertension. 
Similar findings were described in Asian populations.22 In our 
study, all patients had arterial hypertension and were predomi-
nantly of Caucasian background. In contradiction to our findings, 
the Cardiovascular Health Study (CHS) found no association be-
tween retinal arteriolar caliber and declining renal function, this 
was however in an elderly population.25 The absence of an asso-
ciation was attributed to a possible selection and survival bias in 
this elderly population.

Another important finding of our study was the pronounced 
narrowing of CRVE in patients with stage 3 CKD. Wong et al also 
demonstrated that narrowed CRVE is associated with greater 6-year 
change in renal function in a population-based investigation in four 
US communities.11 On the other hand, in patients with type 2 diabe-
tes, larger CRVE was associated with a higher incidence of CKD.26,27 
Similarly, in a prospective, population-based study of individuals 
with type 1 diabetes, larger CRVE was associated with an increased 
risk of developing diabetic nephropathy.28

F I G U R E  3  Illustration of the relationship between eGFR and retinal arteriolar caliber. CRAE—central retinal arteriolar equivalent caliber 
(µm), followed by -B for zone B or -C for zone C, eGFR—estimated glomerular filtration rate calculated by CKD-EPI formula, r—correlation 
coefficient, p—p value

F I G U R E  4  Comparison of retinal venular caliber between stage 
2 and stage 3 CKD and between 2 different zones (zone B and zone 
C) in each group. The first and second boxplot represent CRVE-B 
and CRVE-C of patients with stage 2 CKD. The third and fourth 
boxplot represent CRVE-B and CRVE-C of patients with stage 3 
CKD. CRVE-central retinal venular equivalent caliber (µm), followed 
by -B for zone B or -C for zone C, p—p value, *p—p value adjusted 
for age, sex, HbA1c, and 24-hour diastolic BP

TA B L E  2  Retinal arteriole and venule width parameters in 
different zones of the retina

Retinal parameters
(µm)

Stage 2 CKD
patients
(n = 66)

Stage 3-
CKD patients
(n = 30)

CRAE-B 141.1 ± 21.4 130.5 ± 18.9

CRAE-C 137.4 ± 19.4 129.2 ± 18.2

CRVE-B 220.8 ± 33.0 206.0 ± 28.4

CRVE-C 215.9 ± 33.0 201.2 ± 25.1

Abbreviations: CKD, chronic kidney disease; CRAE, central retinal 
arteriolar equivalent caliber, followed by -B for zone B or -C for zone C; 
CRVE, central retinal venular equivalent caliber, followed by -B for zone 
B or -C for zone C.
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The Wisconsin Epidemiologic Study of Diabetic Retinopathy 
(WESDR) demonstrated that narrower CRAE was cross-sectionally 
associated with proteinuria.27 However, the same correlation was 
not demonstrated in a 16-year follow-up of the WESDR.28 In another 
study, arteriolar narrowing in Danish patients with type 1 diabetes and 
proteinuria was related to nephropathy and proliferative diabetic reti-
nopathy compared to those without proteinuria.29 In the Multi-Ethnic 
Study of Atherosclerosis, a U-shaped association between albuminuria 
and retinal arteriolar caliber was observed.30 In our study, comprised of 
patients with arterial hypertension, we found no association between 
retinal vessel caliber and urinary ACR. The fact that both in WESDR 28 
and in the Danish study 29 the population consisted only of patients 
with diabetes may account for some of these discrepancies.

In general, the primary site of narrowing appears to be the pre-
capillary arteriole; therefore, changes are most prominent in second- 
and third-order arterioles, and less common in arterioles closer to 
the disk.31 Interestingly, in our patients with stage 3 CKD the ar-
teriolar caliber at two different zones (B and C) of the retina was 
similar, of which zone B was within 0.5-1.0 and zone C within 1.0-
2.0 disk diameter from the disk margin. In contrast, in patients with 
stage 2 CKD, both arteriolar and venular calibers differed between 
the two zones. This difference between stage 2 and stage 3 CKD 
might be explained by the difference in anatomical features at dif-
ferent zones of the retina and difference in sympathetic activity at 
different stages of the disease.32,33 The microvessels in the macu-
lar area lack smooth muscle and are largely controlled by pericytes, 
which are predominantly responsive to α2 adrenergic receptors.32,33 
In contrast, the relatively large vessels in the peripapillary area have 
α1 adrenergic receptors.34 In support of this view is the finding that 
topical sympathetic agents reduced the retinal vessel density within 
the peripapillary area, but not within the macular area.35

Alternatively, given the absence of a difference in arteriolar cali-
bers between zones B and C in stage 3 CKD patients with more ad-
vanced disease, the observed difference between the two zones in 
less pronounced kidney disease (stage 2 CKD) may contain informa-
tion relevant to the progression of CKD, a proposition that warrants 
further investigation in larger cohorts.

Animal experiments demonstrated that vascular changes in the 
retinal and renal microcirculation are highly correlated in hyperten-
sive rats.36 Different pathophysiological mechanisms might underlie 
retinal arteriolar narrowing in CKD. It has been found that retinal ar-
teriolar narrowing is morphologically related to extracellular matrix 
accumulation in renal specimens of patients with type 1 diabetes, 
thereby leading to declining renal function.37 Endothelial dysfunc-
tion is likely to be another underlying mechanism involved in nar-
rowing of retinal microvascular caliber, which also plays a key role in 
CKD.38,39 In addition, retinal arteriolar caliber is also associated with 
inflammatory markers and with the triglyceride and high-density 
lipoprotein cholesterol changes associated with inflammation.40,41 
Sympathetic overdrive may be another mechanism explaining the 
narrowing of retinal vessels in our study. It is a phenomenon de-
tectable already in early phases of CKD, and the magnitude of 

sympathetic drive increases with deterioration of renal function.42 
A significant association between retinal vessel caliber and auto-
nomic nervous stimulation has been demonstrated previously.18,43,44 
Lanigan et al induced a significant retinal arteriolar constriction of 
8.6% and venule constriction of 4.8% using sympathetic agonists.43 
Similar response of the retinal vessels has been induced by hand-grip 
exercise. Harazny et al observed that application of a parasympatho-
lytic agent reduced retinal capillary flow.44 Previously, we observed 
a reduction in retinal arteriolar and venular widths with instillation of 
a parasympatholytic agent.18 However, after adjustment for image 
magnification, no change in vessel width parameters was registered. 
Heart rate, sometimes used a surrogate marker of sympathetic drive, 
was not found to be elevated in our patients with stage 3 CKD. 
However, concomitant medication may account for this. The auto-
regulation of the retinal circulation by means of myogenic response 
may be an explanation for narrowed vessels in the CKD 3 popula-
tion. Some studies reported an increase in retinal arteriolar caliber 
following reduction in retinal perfusion pressure.45 However, in our 
study, neither office nor ambulatory BP was different between the 
CKD groups. Furthermore, in sympathectomized eyes of cats, acute 
elevation of the BP caused overperfusion of the retina.46 This was 
confirmed by preventing retinal overperfusion by sympathetic stim-
ulation under conditions of acute arterial hypertension.47

The association between retinal microvascular alterations and 
cerebrovascular diseases is well established.14 Retinal microvascu-
lar caliber has been found to be associated with enlarged perivas-
cular space in the brain, which is a marker for microvascular brain 
damage.48 Population-based studies using retinal imaging found that 
alterations in retinal microvascular structure are related to ischemic 
strokes.49,50 Narrow retinal arterioles were more frequent among 
patients with lacunar stroke compared with those with cortical isch-
emic stroke.51 In our study, we did not obtain any vascular parame-
ters of the cerebrovascular system, which would have been helpful 
to explore potential associations. We plan, however, to analyze in 
future longitudinal studies if retinal microvascular caliber changes 
are associated with increased risk of cerebrovascular accidents in 
CKD patients at different stages of the disease.

Our study has strengths and limitations to be discussed. Our 
study population had a thorough clinical workup including am-
bulatory BP monitoring, and secondary causes of hypertension 
were excluded. Moreover, analysis of the retinal images was 
performed in a blinded fashion by an operator with no access to 
other relevant clinical data of the study population. One of the 
limitations of this study is that renal function in our population 
was estimated using the CKD-EPI formula and not measured by 
inulin clearance, but it has been shown that estimated GFR is ac-
curate, precise, and less-biased.52,53 Furthermore, our results are 
only valid for patients with stage 3 and stage 2 CKD and cannot 
be extrapolated to other stages of CKD. Finally, we have not as-
sessed sympathetic nerve activity, which might have provided a 
better insight into the mechanisms behind retinal caliber changes 
in CKD patients.
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5  |  CONCLUSIONS

In summary, this study demonstrated that patients with stage 3 CKD 
had greater CRAE and CRVE narrowing compared with stage 2 CKD 
patients. Moreover, that a narrowed CRAE was associated with lower 
eGFR in patients with CKD, and that there was a difference in the 
retinal arteriolar calibers between the standard and extended optic 
zones of stage 2 CKD patients compared to patients with stage 3 CKD. 
Further research may be useful in determining the mechanisms of mi-
crovascular changes in CKD, which might explain the higher incidence 
of cerebrovascular accidents in this population. Measurement of ar-
teriolar and venular calibers in population studies may allow evalua-
tion of the independent contribution of arteriolar disease to various 
ischemic diseases. Whether the novel observation of difference in ar-
teriolar calibers between zone B and C in stage 2 CKD could serve as 
an early marker of progression of CKD warrants further investigation.
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