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MATERIALS & METHODS 

INTRODUCTION 

Longitudinal epidemiological studies 
have shown that hypertensive patients 
with retinal vascular alterations are at 
increased risk for cardiovascular 
events. However, the extent of retinal 
microvascular changes in naïve, never-
treated patients with recent 
appearance of hypertension (HT) and 
other hypertension phenotypes, such as 
masked (MHT) and white-coat 
hypertensives (WCH), has been 
substantially understudied.    
Furthermore, ambulatory blood 
pressure monitoring (ABPM) recordings 
have proven to be superior to office BP 
measurements both in correlation with 
target organ damage and for the 
prediction  of cardiovascular events. 
However, the relationship of ABPM 
with retinal vascular calibers has also 
not been investigated.  
 

Consecutive patients attending the 
Hypertension Unit of the 2nd Propedeutic 
Department of Internal Medicine, Aristotle 
University, Thessaloniki, Greece were 
included in the study.  
Procedures in the study protocol were in 
accordance with institutional guidelines, and 
all subjects gave written informed consent. 
Participants had never been treated with 
anti-hypertensive agents, did not currently 
receive other medication, and had no other 
known health problems. 
 In order to ensure the recent appearance 
(within 12 months) of hypertension in our 
study population, only patients with home 
blood pressure measurements within normal 
limits during the previous year before 
hypertension diagnosis were included.  
The normotensive group was recruited from 
the Internal Medicine Outpatient Clinic from 
subjects admitted for regular check-up.  

 
Ambulatory blood pressure was 
measured using the oscillometric 
Spacelabs 90207 device.  
 

 

Retinal vascular calibers were estimated 
using a computer-based program from 
retinal photographs taken with a non-
mydriatic digital fundus camera (NIDEK 
AFC-230/210). 

 

 
Central retinal artery (CRAE) and vein 
(CRVE) equivalents, as well as arterio-
venus ratio (AVR) were calculated to 
estimate retinal abnormalities.   
 

RESULTS 

CONCLUSIONS 

We studied 99 newly diagnosed hypertensive patients,  

(71 with true HT, mean age 43.9±11.1, 16 with MHT, mean age 40.1±11.5  
and 

 12 with WCH, mean age 49.2±13.4)  
&  

30 normotensive individuals (NT) (mean age 43.5±11.5). 
Baseline characteristics of the studied population are depicted in table 1. 
 
Comparison of mean values of retinal vascular calibers and AVR in our groups is 
depicted in Figures 1-3. Patients with HT as well as MHT had both lower CRAE and 
AVR, indicating narrower retinal vessels.  
 
CRAE and AVR were strongly and negatively associated with mean office and 
systolic and diastolic daytime, nighttime, and 24-hour blood pressure, in both 
univariate (Table 2) and, after adjustment for other factors, multivariate analysis 
(table 3). 

Subtle retinal microvascular alterations are observed both in patients with HT and 
MHT, in contrast to patients with WCH, who have retinal findings resembling 
normotensive subjects. These changes, easily assessed by retinal photography, may 
be indicative of or mediating the differences in cardiovascular mortality in those 
groups. 

Table 1. Baseline characteristics of the study population.  
HT (n= 71) MHT (n=16) WCH (n=12) NT (n=30) p value 

Age 43.9±11.1 40.1±11.5 49.3±13.4 43.5±11.5 0.226 
BMI 27.7±4.1 26.6±3.8 27.4±3.7 26.4±4.7 0.485 
Sex (M) 76.1 56.2 75 56.7 0.157 
Office SBP 147.6±15.0* 128.2±7.7 149.8±11.8* 121.2±10.8 <0.001 
Office DBP 94.0±8.9* 81.4±6.4 91.0±7.4* 77.4±9.1 <0.001 
24h SBP 139.7±11.6* 132.4±6.5* 123.2±6.3 118.7±6.6 <0.001 
24h DBP 88.6±8.6* 84.7±4.8* 76.0±5.0 75.6±6.0 <0.001 
Day SBP 145.2±11.7* 138.3±7.0* 128.9±6.6 123.8±7.2 <0.001 
Day DBP 92.9±8.5* 89.9±4.8* 80.8±3.9 79.7±6 <0.001 
Night SBP 127.7±14.2* 117.0±10.0 112.4±7.9 106.9±7.1 <0.001 
Night DBP 78.7±11.0 71.6±8.0 66.8±7.1 66.4±5.5 <0.001 
DIPPING PR 11.82±11.85* 15.37±5.89 12.75±5.36 13.64±4.56 0.177 
*p<0.001 for differences between normotensives and the other groups 

Table 2. Correlation of retinal measurements with 24hour blood pressure components 

Day time Night time 24 hour 

SBP DBP MBP SBP DBP MBP SBP DBP MBP 

CRAE -0.397*** -0.325*** -0.344*** -0.379*** -0.287*** -0.313*** -0.408*** -0.328*** -0.381*** 

r+ -0.401*** -0.314*** 0.341*** -0.362*** -0.263** -0.278** -0.407*** -0.317*** -0.292*** 

CRVE 0.040 0.099 0.101 -0.074 -0.004 -0.020 0.009 0.071 0.049 

r+ 0.061 0.132 0.133 -0.056 0.013 0.029 0.031 0.101 -0.003 

AVR -0.364*** -0.368*** -0.380*** -0.250** -0.239** -0.244** -0.350*** -0.348*** -0.368*** 

r+ -0.390*** -0.391*** -0.409*** -0.255** -0.238** -0.253* -0.371*** -0.367*** -0.246** 

*p<0,05, ** p<0,01,*** p<0,001 , + r adjusted for age, sex, smoking  and BMI 

Adjusted R Square=0,009 

R Square=0,023, p=0,618 

Unst. C Stand. C p 

Age -0,78 -0,061 0,465 

Sex -0,590 -0,020 0,815 

BMI 0,387 0,116 0,174 

Office SBP -0,002 -0,001 0,987 

24h SBP -0,087 -0,090 0,322 

Adjusted R Square=0,094 

R Square=0,123, p=0,001 

Unst. C, Stand. C p 

Age 0,000 -0,017 0,833 

Sex 0,012 0,055 0,494 

BMI 0,001 0,054 0,510 

Office SBP -0,001 -0,133 0,155 

Day SBP -0,002 -0,257 0,006 

Adjusted R Square=0.181 

 R Square=0.207, p<0.001 

Unst, C, Stand, C p 

Age -0.084 -0,089 0,233 

Sex 1.378 0,063 0,407 

BMI 0.416 0,187 0,068 

Office SBP -0,154 -0,170 0,055 

24h SBP -0,258 -0,335 <0,001 
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Table 3. Independent predictors of retinal vascular measurements, after multiple linear regression analysis  

Parr and Hubbard formulas, 

as modified in ARIC protocol 
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