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Introduction

It is well established that a reduced 

testosterone (T) level in men is as-

sociated with endothelial dysfunc-

tion, an increase in blood pressure 

(BP), reduced microvascular perfu-

sion and the risk of cardiovascular 

diseases (CVD) [1, 2]. As T levels 

tend to decrease with age [1] it may 

be an important causative factor in 

the development of hypertension 

(HT) and other CVD in aging men. 

We have found that low T levels were 

associated with hyperkinetic BP re-

sponses [3], as well as with subclinical 

structural arterial wall remodelling 

[4], suggesting a high sensitivity of 

arterial vessels to the eff ects of re-

duced T levels. Results from diff erent 

prospective studies indicate that the 

reduced retinal arteriolar diameter 

and increased venular diameter are 

associated both with the risk of de-

veloping HT as well as a consequence 

of HT [5]. 

Changes in retinal vascular calibre 

are also associated with other car-

diometabolic diseases like diabetes, 

coronary artery disease and stroke 

[5]. Reduction in arterio-venular 

ratio (AVR) and central retinal arte-

rial equivalent (CRAE) is normally 

associated with hypertension risk, 

whereas an increase in central retinal 

venular equivalent (CRVE) is associ-

ated with stroke risk [6]. Intraocular 

pressure (IOP) and ocular perfusion 

pressure (OPP) have also been associ-

ated with changes in BP and retinal 

microvascular calibre [2, 7]. An in-

crease in IOP and/or a decrease in 

diastolic ocular perfusion pressure 

(DOPP, calculated as the diff erence 

between IOP and DBP) is strongly 

associated with the development of 

open angle glaucoma [8]. 

It is further known that higher levels 

of T will tend to increase IOP, there-

by decreasing ocular blood fl ow in 

menopausal women [2]. However, no 

information is available regarding the 

eff ect of T on IOP or ocular perfu-

sion pressure in men [2, 9]. Th ere is 

evidence that systemic BP fundamen-

tally infl uences the ocular circulation 

[9], which may indicate that T, at the 

least in an indirect way, is associ-

ated with retinal vascular perfusion, 

the main determinants of which are 

 Low serum testosterone and increased diastolic ocular 
perfusion pressure: a risk for retinal microvasculature 
 Nico T. Malan1, Wayne Smith1, Roland von Känel, Mark Hamer3, Alta E. Schutte1,4, and Leoné Malan1,4 

 1Hypertension in Africa Research Team, Faculty of Health Sciences, North-West University, Potchefstroom,

South Africa 
2Department of Psychosomatic Medicine, Clinic Barmelweid, Barmelweid, Switzerland
3Department of Epidemiology and Public Health, University College of  London, UK 
4MRC Research Unit for Hypertension and Cardiovascular Disease, North-West University, Potchefstroom, 

South Africa 

Summary: Background: Low levels of testosterone in men 

and changes in retinal microvascular calibre are both associ-

ated with hypertension and cardiovascular disease risk. Sex 

hormones are also associated with blood fl ow in microvascular 

beds which might be a key intermediate mechanism in the 

development of hypertension. Whether a direct association 

between endogenous testosterone and retinal microvascular 

calibre exists is currently unknown. We aimed to determine 

whether testosterone is independently associated with ocular 

perfusion via a possible association with retinal vascular cali-

bre or whether it plays only a secondary role via its eff ect on 

blood pressure in a bi-ethnic male cohort.

Probands and methods: A total of 72 black and 81 white men 

(28-68 years of age) from the follow-up phase of the Sympa-

thetic activity and Ambulatory Blood Pressure in Africans 

(SABPA) study were included in this sub-study. Ambula-

tory pulse pressure and intraocular perfusion pressures were 

obtained, while metabolic variables and testosterone were 

measured from fasting venous blood samples. Retinal vas-

cular calibre was quantifi ed from digital photographs using 

standardised protocols. 

Results: Th e black men revealed a poorer cardiometabolic 

profi le and higher pulsatile pressure (> 50 mm Hg), intraocular 

pressure and diastolic ocular perfusion pressure than the white 

men (p ≤ 0.05). Only in the white men was free testosterone 

positively associated with retinal calibre, i.e. arterio-venular 

ratio and central retinal arterial calibre and inversely with 

central retinal venular calibre. Th ese associations were not 

found in the black men, independent of whether pulse pres-

sure and ocular perfusion pressure were part of the model. 

Conclusions: Th ese results suggest an independent, protective 

eff ect of testosterone on the retinal vasculature where an appar-

ent vasodilatory response in the retinal resistance microvessels 

was observed in white men.
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DOPP, IOP, BP and retinal microvas-

cular calibre. T is inversely associated 

with BP (including PP [10]), while BP 

is inversely associated with arteriolar 

calibre in the retina [5], raising the 

possibility of an indirect association 

between T and retinal microvascular 

calibre. In support of this reasoning it 

has been shown that T induces vaso-

dilation in mesenteric microvascular 

resistance vessels [11], but, to the best 

of our knowledge, whether this is also 

true for retinal resistance microves-

sels has thus far not been shown [2]. 

Th e main aim of this study was to de-

termine whether serum T is indepen-

dently associated with ocular blood 

fl ow via a possible association with 

retinal vascular calibre or whether it 

plays only a secondary role via its ef-

fect on pulse pressure (PP) in a male 

cohort. We also aimed to determine 

whether these possible associations 

were apparent in both ethnic groups.

Probands and methods

Design and participants
Th e protocol and methodology used 

in this study has been described ex-

tensively elsewhere [12].

Participants were initially recruited 

as part of phase 1 of the prospective 

Sympathetic activity and Ambulatory 

Blood Pressure in Africans (SABPA) 

study conducted between late sum-

mer and late autumn of 2007 and 

2008. Th e study sample comprised of 

urban black and white teachers work-

ing in the Kenneth Kaunda Education 

district in the North West Province of 

South Africa. Th e motivation for this 

selection was to obtain a homogenous 

sample from a similar working envi-

ronment and socio-economic status 

although cultural diff erences could 

not be excluded. 

We invited all participants of the 

fi rst phase of SABPA to participate 

in this follow-up phase of the study 

conducted between late summer and 

late autumn of 2011 and 2012. Men 

are more prone to the development of 

cardiovascular disease (CVD); there-

fore, only men were included in order 

to obtain a homogenous high CVD 

risk cohort [13].

Of the initial 204 male participants in 

the fi rst phase, 180 men reported for 

the second phase.

We included only the second phase 

participants in this sub-study as no 

retinal blood vessel measurements 

were taken during the fi rst phase. 

Participants with epilepsy (N = 1) 

and unsuccessful retinal vessel re-

cordings (N = 26) were excluded, 

leaving a subsample of 153 (72 black 

and 81 white men). Participants were 

fully informed about the objectives 

and procedures of the study prior to 

their recruitment. All participants 

provided written, informed consent. 

Th e study conformed to the Helsinki 

Declaration (2007) and was approved 

by Th e Ethics Review Board of the 

North-West University, Potchefst-

room Campus: Approval number 

0003607S6. 

Assessment of health behaviour
Participants were instructed to carry 

on with their habitual daily activi-

ties wearing the Actiheart physical 

activity monitor at all times whilst 

awake and asleep for a 7 day period. 

Th ey spent the night in the Metabolic 

Research Facility of the North-West 

University in Potchefstroom, South 

Africa. On Day 2, participants were in 

a semi-recumbent position from 0715 

h for at least 2 hours during which the 

12-lead ECG (NORAV PC 1200) reg-

istration was performed followed by 

blood sampling. Physical activity was 

assessed with Actiheart® (GB0/67703, 

CamNtech Ltd., Cambridgeshire, 

UK) monitors. Th e 12-lead ECG rest-

ing heart rate was used to calculate 

the sleep heart rate required by the 

Actiheart program when the device 

was fi tted to each participant. Partici-

pants were instructed to carry on with 

their habitual daily activities wear-

ing the monitor at all times whilst 

awake and asleep for a 24h period. 

Smoking status was assessed using 

cotinine [14]. To separate smokers 

from non-smokers, the cotinine 

values were dichotomised with a 

cut-off  value of 50 ng/ml [15]. Gam-

ma-glutamyltransferase (γ-GT) was 

measured and may be considered a 

marker of alcohol consumption [16].

Anthropometric measurements
All anthropometric measurements 

were performed in triplicate by reg-

istered level II anthropometrists ac-

cording to standardised procedures. 

Body surface area (BSA) was calcu-

lated based on the Mosteller formula 

[17]. Intra- and inter-observer vari-

ability was less than 5 %.

Cardiovascular measurements
On the morning of the fi rst clinical 

assessment day (Day 1), ABPM and 

2-lead electrocardiograph monitors 

were attached to participants on the 

non-dominant arm at their workplace 

between 0700 h and 0730 h (Medi-

tech CE120 CardioTens®; Meditech, 

Budapest, Hungary). Th e successful 

infl ation rate over this period was 

85.8 % (±9.14) in black and 90.4 % 

(± 8.61) in white men. Hypertensive 

status and CVD risk was classifi ed 

from 24h ABPM as SBP ≥ 130 mm 

Hg and/or DBP ≥ 80 mm Hg [18]. Th e 

ABPM apparatus was removed aft er 

the last BP measurement at 0730 h 

on Day 2. We additionally calculated 

ambulatory PP as it has a greater ef-

fect on arterial function and, together 

with retinal perfusion pressure, are 

associated with the progression of 

diabetic retinopathy [19, 20].

Measurement of retinal 
vascular calibre
Static retinal microvascular mea-

surements were performed in a well-

controlled light and temperature 

regulated laboratory using an Imedos 
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Retinal Vessel Analyser (Germany) 

with a Zeiss FF450Plus camera and 

the VesselMap 1 Version 3.10 soft -

ware. No intake of food or caff eine 

containing beverages, alcohol, smok-

ing or exercise was allowed one hour 

prior to retinal vessel measurements. 

Participants were introduced to the 

procedure and screened for acute an-

terior angle chamber glaucoma risk 

with a small light source by a trained 

registered nurse. Mydriasis was in-

duced in the right eye of the partici-

pant by means of a drop containing 

tropicamide, 1% and benzalkonium 

chloride 0.01% (m/v). In the event of 

previous injury to the right eye, the left  

eye was used (black men N = 3; white 

men N = 1). Retinal vascular calibre 

was measured in the monochrome 

images by manually selecting fi rst or-

der vessel branches in a measuring 

zone located between 0.5 and 1.0 op-

tic disc diameters from the margin or 

the optic disc. Upon selection of the 

vessel, the VesselMap 2, Version 3.02 

soft ware automatically delineated the 

vessels’ measuring area. Th e colour 

photograph was used as a reference to 

ascertain correct identifi cation of ve-

nules and arterioles. Identifi cation of 

the vessels was performed by two ex-

perienced scientists who had to agree 

on the vessel type before selection. 

Automated soft ware calculations, 

based on the Knudtson revision of 

the Parr-Hubbard formulas deter-

mined estimates from the 6 largest 

arterioles and venules and were sum-

marised as central CRAE and CRVE, 

respectively [21]. As the image scale 

of each eye was unknown, the values 

of CRAE and CRVE were expressed 

as measuring units (MU), where 

1MU is equivalent to 1 micrometre 

when the dimensions of the eye be-

ing examined correspond to those of 

the normal Gullstrand eye. AVR was 

also calculated (CRAE/CRVE). Re-

producibility was computed for a ran-

domly selected cohort with a correla-

tion coeffi  cient of 0.84. Th e intra-class 

correlation (ICC) analysis involved 

a mixed-model framework, whereby 

random eff ects were assumed for sub-

jects and fi xed eff ects were assumed 

for the graders. Th e Cronbach’s al-

pha-reliability index for the AVR was 

0.91 for this randomized cohort. A 

registered ophthalmologist diagnosed 

retinal pathology that can be seen in 

hypertensive/diabetic retinopathy 

(i.e., arterio-venular (AV) nicking, and 

increased optic nerve cup-to-disc ratio 

indicating optic nerve degeneration). 

One to two local anaesthetic drops 

(Novasine Wander 0.4 % Novartis) 

were inserted in both eyes to measure 

IOP with the Tono-Pen Avia Applana-

tion Tonometer (Reichert 7-0908, ISO 

9001, New York, USA). DOPP was cal-

culated by subtracting the IOP value 

from the DBP value recorded just prior 

to measuring the IOP. DOPP of the 

right eye was used as the right eye was 

also utilised for analysis of the retinal 

microvascular calibre immediately af-

ter IOP measurement.

Biochemical analyses
Sodium fl uoride-, serum and whole 

blood EDTA samples were analysed 

for glucose, lipids, high sensitivity 

C-reactive protein (CRP), glycated 

haemoglobin (HbA1C) and cotinine, 

γ-GT using the Cobas Integra 400 plus 

and Modular ROCHE Automated 

Analyser, Basel, Switzerland; as well as 

the KonelabTM 20I Sequential Multiple 

Analyser Computer, Th ermoScientif-

ic, Vantaa, Finland respectively. Serum 

samples were analysed for total T using 

an electro chemiluminescence immu-

noassay on the Elecsys 2010 apparatus 

(Roche, Basel, Switzerland). Both the 

intra- and inter-assay coeffi  cients of 

variation (CV) for all the assays were 

less than 10%. Free testosterone values 

were calculated according to the meth-

od of Vermeulen et al. [22].

Statistical methods
Data was analysed using Statistica® 

soft ware version 12.0 (Statsoft  Inc., 

Tulsa, USA, 2012). Skewness of data 

were tested with the Shapiro-wilk 

test and γ-GT and CRP values were 

logarithmically transformed. Inde-

pendent T-tests determined par-

ticipant characteristic diff erences. A 

priori covariates implicated in higher 

CVD risk were included [age, BSA, 

physical activity, dichotomised coti-

nine, log CRP and log γ-GT] [18,21]. 

Chi-square (χ²) statistics compared 

proportions. General linear model 

analyses, independent of a priori 

co-variates, were computed to test 

interactions on main eff ects (race x 

total testosterone) and all potential 

cardiovascular risk markers (i.e. cho-

lesterol, FT, pulse pressure and retinal 

microvasculature markers). As a re-

sult of the high correlation between 

CRAE and CRVE, CRAE was added 

as a covariate for CRVE and vice 

versa [23]. Independent t-tests com-

parisons were computed to compare 

1) low and high testosterone male 

groups as well as 2) low testosterone 

black vs. white male groups. 

Forward stepwise multiple regression 

analyses determined associations be-

tween retinal calibre and cardiometa-

bolic markers in various models from 

two perspectives: fi rstly (model 1), 

in the total male sample, the depen-

dent variables were AVR, CRVE and 

CRAE. Covariates included age, race, 

BSA, dichotomised cotinine, choles-

terol, log CRP, log γ-GT, physical ac-

tivity, PP, FT, DOPP and CRAE (when 

CRVE was the dependent variable 

and vice versa). Secondly (model 2), 

the above regression analyses were 

repeated in stratifi ed ethnic groups, 

excluding race as a covariate. Th e 

sample size of low testosterone groups 

was too small and multiple regression 

analyses could not be computed.

Sensitivity analyses: Forward stepwise 

regression analyses with similar de-

pendent and independent covariates 

as described above, were repeated in 

several models in the total group as 

well as in the separate ethnic male 
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groups, by a) excluding HIV-infected 

participants (N = 16) and b) adding 

physical activity, HT medication us-

ers, cotinine and/or serum glucose as 

independent covariates. 

Mediation analyses: To assess the in-

direct eff ects of independent variables 

(FT and PP) on dependent variables 

(AVR, CRAE and CRVE), media-

tion analyses were performed with 

IBM SPSS Statistics Version 22 (IBM 

Corporation) [24]. Signifi cance was 

noted as p ≤ 0.05. 

Results

Table I compares unadjusted base-

line characteristics of black and 

white men. Th e black men displayed 

(p < 0.01) lower physical activity and 

BSA compared to the white men. Fur-

thermore, overall, they displayed a 

poorer cardiometabolic health profi le 

than the white men with higher BP, 

hyperpulsatile pressure (PP > 50 mm 

Hg), resting levels of serum glucose, 

HbA1C and CRP. Remarkably, 79.8 % 

of the black men were hypertensive 

with 29.6 % of the total group on HT 

Low testosterone men 
(N = 72)

High testsoterone men 
(N = 81)

P

Lifestyle and biochemical variables
Age (years) 46.2 ± 7.51 49.2 ± 10.2 0.03

Waist circumference (cm) 98.4 ± 14.8 106.1 ± 13.1 < 0.001

Body mass index (BMI) (kg/m2) 28.3 ± 5.64 30.2 ± 5.14 0.02

Body surface area (m2) 1.98 ± 0.23 2.23 ± 0.20 < 0.0001

Physical activity (kcal/24h) 3349.4 ± 1247.9 4049.9 ± 1815.1 0.003

Serum cholesterol (mmol/L) 4.63 ± 1.04 4.20 ± 1.00 0.01

HDL cholesterol (mmol/L) 0.93 ± 0.34 0.85 ± 0.23 0.05

Total cholesterol-to-HDL ratio 5.42 ± 1.86 5.14 ± 1.31 0.24

Serum glucose (mmol/L) 6.13 ± 2.61 4.70 ± 1.27 < 0.0001

HbA1C (%) 6.33 ± 1.60 5.69 ± 0.86 0.001

γ-GT, U/L 79.3 ± 84.6 35.7 ± 39.8 < 0.0001

C-reactive protein (mg/L) 6.02 ± 11.8 2.75 ± 9.65 < 0.04

Serum cotinine (% smokers) 25.0 12.2 0.03

Endocrine variables
Serum testosterone (nmol/L) 13.8 ± 6.51 14.9 ± 5.55 0.22

Serum free testosterone (nmol/L) 0.39 ± 0.17 0.34 ± 0.12 0.03

Serum bioavailable testosterone (nmo/L) 7.99 ± 3.21 7.89 ± 2.63 0.81

Cardiovascular variables 
24h ABPM SBP (mm Hg) 139 ± 18 128 ± 11 < 0.0001

24h ABPM DBP (mm Hg) 88 ± 11 79 ± 8 < 0.0001

24h ABPM pulse pressure (mm Hg) 51 ± 10 48 ± 6 0.02

Right IOP (mmHg) 16.8 ± 4.32 14.8 ± 3.25 <0.001

Right DOPP (mmHg) 74.8 ± 13.2 71.8 ± 10.3 0.10

Retinal arteriole-to-venular ratio 0.59 ± 0.06 0.63 ± 0.04 < 0.0001

Central retinal arterial equivalent (MU) 147.9 ± 13.2 150.2 ± 12.0 0.25

Central retinal venular equivalent (MU) 251.4 ± 19.2 237.9 ± 18.5 < 0.0001

Cardiovascular disease history, n (%) 4 (5.56) 25 (20.3) < 0.0001

HT, n (%) (SBP ≥ 130 and/or DBP ≥ 80 mm Hg) 56 (78.9) 39 (48.1) < 0.0001

HT medication, n (%) 22 (29.6) 20 (24.7) 0.38

Data presented as unadjusted means with standard deviation or percentages. HDL cholesterol, high density lipoprotein; HbA1C, glycated 
haemoglobin; γ-GT, γ-glutamyl transferase; 24h ABPM SBP, 24h ambulatory systolic blood pressure; 24h ABPM DBP, 24h ambulatory dia-
stolic blood pressure; 24h ABPM PP, 24h ambulatory pulse pressure; Right IOP, intra-ocular pressure of the right eye; Right DOPP, diastolic 
ocular perfusion pressure of the right eye; HT, hypertension; 1 MU, measuring units, equal to 1 µm in the normal Gullstrand eye. 

Table I: Comparing mean (± SD) unadjusted baseline characteristics of high and low testosterone African black and 
white men 
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treatment compared to 48.1% of the 

white men who were hypertensive 

and 24.7 % who were on treatment. 

Th e γ-GT levels of the black men were 

signifi cantly higher than those of the 

white men, which may support other 

fi ndings of high alcohol consumption 

in South African black men [16]. Th e 

serum T levels did not diff er between 

the ethnic groups but the free testos-

terone (FT) levels of the black men 

were slightly higher than those of the 

white men.

Interactions adjusted for a priori 

covariates verifi ed diff erences be-

tween ethnic male groups for DOPP 

(F1,142 = 3.66, p = 0.058) as well as AVR 

(F1,145 = 8.39, p = 0.004). In Table II, 

comparisons between the total group 

of hypogonadic men with the nor-

mogonadic men showed that DOPP, 

CRVE and all of the BP variables, 

were higher and AVR lower in the 

hypogonadic men, whereas CRAE 

Table IIA: Comparing low and high testosterone baseline characteristics of total groups

 
Low testosterone 

men 
(N = 40)

High testosterone men 
(N = 143)

P

Cardiovascular variables
24h ABPM SBP (mm Hg) 140 ± 17 131 ± 14 <0.001

24h ABPM DBP (mm Hg) 87 ± 10 82 ± 10 <0.01

24h ABPM pulse pressure (mm Hg) 53 ± 10 49 ± 7 <0.01

Right IOP (mmHg) 15.9 ± 4.01 15.7 ± 3.94 0.83

Right DOPP (mmHg) 76.3 ± 11.6 72.1 ± 11.8 0.04

Retinal arteriole-to-venular ratio 0.59 ± 0.05 0.62 ± 0.05 0.003

Central retinal arterial equivalent (MU) 147.5 ± 13.1 149.8 ± 0.31

Central retinal venular equivalent (MU) 250.1 ± 20.3 242.4 ± 19.7 0.03

Serum testosterone (nmol/L 7.59 ± 2.06 16.79 ± 4.99 <0.001

Free testosterone (nmol/L) 0.22 ± 0.07 0.41 ± 0.13 <0.001

Table IIB: Comparing baseline characteristics of low testosterone black and white men 

Low testosterone 
black men 

(N = 25)

Low testosterone white 
men 

(N = 15)

P

Cardiovascular variables
24h ABPM SBP (mm Hg) 140 ± 17 131 ± 15 <0.001

24h ABPM DBP (mm Hg) 87 ± 10 82 ± 10 <0.01

24h ABPM pulse pressure (mm Hg) 53 ± 10 49 ± 7 <0.01

Right IOP (mmHg) 15.9 ± 4.01 15.7 ± 3.94 0.84

Right DOPP (mmHg) 76.3 ± 11.6 72.1 ± 11.8 0.04

Retinal arteriole-to-venular ratio 0.59 ± 0.05 0.62 ± 0.05 0.003

Central retinal arterial equivalent (MU) 147.5 ± 13.1 149.8 ± 12.4 0.31

Central retinal venular equivalent (MU) 250.1 ± 20.3 242.4 ± 19.7 0.03

Serum testosterone (nmol/L 7.45 ± 2.16 7.79 ± 1.95 0.60

Free testosterone (nmol/L) 0.22 ± 0.07 0.23 ± 0.06 0.79

Data presented as unadjusted means with standard deviation with low testosterone defi ned as Total T ≤ 10.4 nmol/L. BPM SBP, 24h 
ambulatory systolic blood pressure; ABPM DBP, 24h ambulatory diastolic blood pressure; Right IOP, intra-ocular pressure of the right eye; 
Right DOPP, diastolic ocular perfusion pressure of the right eye; HT, hypertension; 1 MU, measuring units, equal to 1 µm in the normal 
Gullstrand eye. 

Table II: Comparing mean (± SD) unadjusted baseline characteristics of high and low testosterone men
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did not diff er between the two groups. 

In the current sub study (Tab. IIB), 

there were 40 men (25 black and 15 

white men) with total T values be-

low 10.4 nmol/l. Despite the fact that 

there were no diff erences in the total 

T and FT levels of these black and 

white hypogonadic men, SBP, DBP 

and CRVE were higher and AVR was 

lower in the black hypogonadic men 

compared to their white counterparts 

(Tab. IIB). Th ere was no diff erence in 

DOPP, CRAE and PP values between 

the two groups. 

Forward stepwise linear regression 

analyses (Tab. III) across the total 

bi-ethnic group demonstrated in-

verse associations of DOPP with 

AVR (β = –0.25, p = 0.001), CRAE 

(β = –0.26, p = 0.001) and a positive 

association with CRVE (β = 0.14, 

p = 0.04). PP was also inversely asso-

ciated with AVR (β = –0.14, p = 0.05) 

and CRAE (β = –0.14, p = 0.04) in 

the total cohort. FT was positive-

ly associated with AVR (β = 0.17, 

p = 0.02) and with CRAE (β = 0.15, 

p = 0.02). Th e stratifi ed analysis by 

ethnicity revealed a diff erent pattern 

for black and white men. In black 

men, DOPP was inversely associat-

ed with AVR (β=-0.50, p<0.001) and 

CRAE (β = –0.52, p < 0.001) respec-

tively and positively associated with 

CRVE (β = 0.26, p = 0.04). Neither 

PP nor FT entered the model in the 

black group. In the white subgroup, 

PP was inversely associated with 

AVR (β = –0.23, p = 0.03) and CRAE 

(β = –0.18, p = 0.02). FT was positive-

ly associated with retinal calibre, i.e. 

AVR (β = 0.21, p = 0.05) and CRAE 

(β = 0.16, p = 0.04) and inversely 

associated with CRVE (β = –0.19, 

Model 1: Total group (N=153)
AVR CRAE CRVE

Adjusted R2 0.32 0.41 0.41
Ð (95% CI)
Race 0.33 (0.19, 0.47), 

p < 0.001
0.22 (0.08, 0.35),

p < 0.01
– 0.24 (– 0.38, – 0.11),

p = 0.001

24h PP (mmHg) – 0.14 (– 0.28, 0.00), 
p = 0.05

NS NS

Free testosterone 
(nmol/L)

0.17 (0.03, 0.31),
p = 0.02

0.15 (0.02, 0.28),
p = 0.02

–

DOPP (mmHg) – 0.25 (– 0.39, – 0.11), p = 0.001 – 0.26 (– 0.34, – 0.13),
p<0.001

0.14 (0.01, 0.28),
p = 0.04

Model 2: Separate ethnic groups 
Black men (N=72) White men (N=81)
AVR CRAE CRVE AVR CRAE CRVE

Adjusted R2 0.24 0.36 0.18 0.21 0.60 0.56
Ð (95% CI)
24h PP – – – – 0.23 

(– 0.43, – 0.03),
p = 0.03

-0.18 
(– 0.32, – 0.03),
p = 0.02

–

Free testosterone 
(nmol/L)

– – – 0.21 
(0.01, 0.40),
p = 0.05

0.16 
(0.01, 0.30),
p = 0.04

– 0.19 
(– 0.35, – 0.02),
p = 0.03

DOPP (mmHg) – 0.50 
(– 0.71, – 0.30),
p < 0.001

– 0.52 
(– 0.71, – 0.34),
p < 0.001

0.26 
(0.02, 0.50),
p = 0.04

– – –

24h PP, 24h pulse pressure; AVR, arterio-venular ratio; CRAE, central retinal arteriolar equivalent; CRVE, central retinal venular equivalent; 
DOPP, diastolic ocular perfusion pressure. Covariates for microvascular models: age, race (only for total group), log -glutamyltransferase, 
log C-reactive protein, cotinine, serum cholesterol. Where CRAE was a dependent variable, CRVE was included as confounder and vice 
versa.

Table III: Forward stepwise regression analyses predicting relationships between the microvascular 
profi les, diastolic ocular perfusion pressure and testosterone
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p = 0.03). DOPP did not enter the 

model. In additional models, we en-

tered the three independent variables 

(PP, FT and DOPP) one at a time, but 

this did not alter the signifi cance of 

associations. When FT is mediat-

ed by PP to predict AVR, CRAE or 

CRVE, the Sobel test is not statisti-

cally signifi cant (p = 0.22). It implies 

that between 3.35 % (CRVE) and 28 % 

(CRAE) of the total eff ect may be due 

to the indirect eff ect of mediation. 

Sensitivity analyses showed that the 

signifi cance of the models was not 

aff ected by variables such as physical 

activity, cotinine, serum glucose, HIV 

status or the use of HT medication.

Discussion

Th e main aim of this study was to de-

termine whether T is independently 

associated with retinal vascular cali-

bre or whether it plays only a second-

ary role via its eff ect on PP. Th e main 

fi ndings revealed a positive associa-

tion of FT with a healthier retinal 

calibre profi le (larger arterioles and 

narrower venules) in the white men. 

Th is might suggest a protective eff ect 

of testosterone on the retinal vascu-

lature, where an apparent vasodila-

tory response in the retinal resistance 

microvessels was observed in white 

men only. Th is association remained 

unchanged, whether DOPP and/or 

PP was included in the model, and 

may support the notion of an inde-

pendent association between FT and 

retinal calibre. Th e association of FT 

with retinal microvascular calibre was 

absent in black men where DOPP was 

strongly associated with arteriolar 

narrowing and venular widening. As 

these indices relate to stroke risk, the 

latter fi nding might help to explain 

the previously reported increase in 

stroke risk of black men [5]. 

As a negative association of FT with 

BP variables has been reported [6] 

and increased BP is associated with a 

decrease in AVR and CRAE [5], the 

associations found in our study are in 

line with previous evidence. PP was 

shown to be associated with arterial 

function and, together with retinal 

perfusion pressure, is an important 

predictor of the progression of dia-

betic retinopathy [19, 20]. We there-

fore decided to include PP as the BP 

covariate in our study. Furthermore, 

low DOPP has a very strong correla-

tion with the development of open 

angle glaucoma, a disease whose de-

velopment is strongly associated with 

insuffi  cient ocular blood fl ow [8]. Th e 

association of FT with microvascular 

calibre could be the result of an inde-

pendent eff ect of T on the microves-

sels or could be a secondary eff ect as 

result of the association of T with PP. 

Th ese associations of FT with retinal 

microvascular calibre as well as the 

inverse association of PP with AVR 

and CRAE are also in accordance 

with what could be expected. Com-

paring the BP values of hypogonadic 

black with hypogonadic white men 

revealed that, despite the absence of 

a diff erence in the T values between 

the two groups, the BP values of black 

men were still higher than those of 

their white counterparts. Th is may 

suggest that the black men are more 

sensitive to the eff ect of low T on their 

vascular system.

DOPP may either be too low 

(< 50mmHg), resulting in reduced 

perfusion and creating a risk for hy-

poxic damage, or if too high, creating 

a risk for ocular bleeding [25, 26]. In 

general, the OPP (whether expressed 

as systolic OPP, mean arterial OPP or 

DOPP) is the driving force to ascertain 

suffi  cient blood fl ow through the ocu-

lar vasculature to provide nutrition to 

retinal neurons. OPP must therefore 

be adjusted on a continuous basis to 

correct for changes in the systemic BP. 

Blood fl ow in the ocular blood vessels 

is normally modifi ed by changing the 

microvascular calibre since vessel di-

ameter is the principal determinant of 

blood fl ow. Th erefore, any factor asso-

ciated with retinal vascular calibre, may 

also aff ect blood fl ow if OPP remains 

constant. In essential hypertension, in-

creased DOPP via higher blood pres-

sure and/or lower intraocular pressure, 

will enhance vascular resistance and 

reduce ocular blood fl ow to the optic 

nerve head, thereby inducing isch-

aemia [27]. Th is partially supports our 

fi ndings in black men, where a higher 

risk for ischemia may be prevalent con-

sidering their mean BP values exceed-

ing hypertensive status [18]. Th e fact 

that low compliance to hypertension 

treatment is evident might prove to 

be detrimental in the control of blood 

pressure and microvascular risk. It is 

known that serum T is inversely associ-

ated with BP and positively associated 

with microvascular blood fl ow [28, 

29]. Th is raises the possibility that re-

duced serum T may be a complicating 

factor in pathologies associated with 

reduced perfusion in the retinal and, 

maybe, also other microvascular beds. 

However, very little data are available 

concerning the role of sex hormones in 

ocular blood fl ow [28]. 

A number of the role players deter-

mining retinal blood fl ow (PP, IOP 

and CRVE) were signifi cantly higher 

in the black than in the white group. 

Th e adjusted value of DOPP was also 

higher in the black than in the white 

group but these diff erences were not 

refl ected in the arteriolar calibre of 

the black men. However, the elevated 

DOPP values of the black men may 

have aff ected their retinal blood fl ow 

rate. Further studies are needed to 

clarify this matter.

Th e negative associations between 

DOPP (in the black men) and PP (in 

the white men) with AVR and CRAE 

supports the notion that increased PP 

(white men) and DOPP (black men) 

are associated with reduced retinal ar-

teriolar calibre. Th e increased blood 

fl ow resulting from increased BP and 

DOPP may stimulate the autoregula-

tory mechanisms in the resistance ves-

 h
ttp

s:
//e

co
nt

en
t.h

og
re

fe
.c

om
/d

oi
/p

df
/1

0.
10

24
/0

30
1-

15
26

/a
00

04
66

 -
 W

ed
ne

sd
ay

, A
pr

il 
24

, 2
02

4 
6:

42
:4

7 
PM

 -
 I

P 
A

dd
re

ss
:3

.1
38

.1
41

.2
02

 



442 Original communication

Vasa 2015; 44: 435 – 443
© 2015 Hans Huber Publishers, Hogrefe AG, Bern

N. Malan et al.: Testosterone and ocular perfusion pressure

sels of the retinal microvasculature, 

thereby reducing the microvascular 

calibre to ultimately prevent excessive 

blood fl ow through the microvessels. 

In the white group, strong associa-

tions were found between serum FT 

and retinal microvascular calibre. 

Th is fi nding is in accordance with 

the results of Puttabyatappa et al. 

[11], who found that serum T me-

diates vasodilation in microvascu-

lar resistance vessels. Th erefore, the 

positive association between FT and 

AVR/CRAE was to be expected in the 

white men who demonstrated lower 

PP values. Low T will, therefore, exert 

a vasoconstrictive eff ect on the mi-

crovasculature and is furthermore, 

also associated with increased PP 

[10]. Both low T and high PP are as-

sociated with reduced vasodilation, 

which may independently lead to 

reduced retinal arteriolar calibre. As 

venules are not resistance vessels, an 

increase in BP (associated with low 

T) will tend to increase the venular 

calibre supporting the inverse asso-

ciation between FT and CRVE in the 

white men. Elimination of PP and/

or DOPP from this model did not 

aff ect the outcome of the analyses, 

supporting the notion that FT is in-

dependently associated with retinal 

microvascular calibre in the white 

men. Th is notion was also supported 

by a lack of signifi cant mediation be-

tween FT and PP. Th ese results were 

supported by similar independent as-

sociations between serum total T and 

retinal microvascular calibre (results 

not shown) Clinically, this fi nding 

may be of importance as attenuated 

serum T might lead to decreased 

ocular perfusion which is associated 

with ischemic damage, increased lo-

cal metabolic demands, glaucoma 

development and loss of vision [30]. 

On a related note, it is well docu-

mented that an attenuated serum T 

level is associated with an increase 

in BP and other components of the 

metabolic syndrome like an increase 

in visceral fat and blood glucose [1]. 

Th e values of serum glucose, HbA1C 

and PP variables were signifi cantly 

higher in black men than white men. 

In previous studies, we have found 

conspicuous diff erences between 

black and white groups in the eff ect 

of low T values and various variables 

[3, 4], which were notoriously diffi  -

cult to explain. We cautiously specu-

late that T has an independent eff ect 

directly on the retinal vessels based 

on the fact that eliminating PP from 

the regression model did not change 

the associations of T with retinal mi-

crovascular calibre. T may also have 

a secondary infl uence on the retinal 

vessel calibre via its eff ect on BP, 

which may induce a higher sensitiv-

ity to attenuated T in black men. Th is 

presumed higher sensitivity in black 

men may have played a role in die as-

sociations of attenuated T with vari-

ous cardiovascular variables found in 

this and other studies [3, 4]. Despite 

the small sample size, we also found 

higher blood pressure and micro-

vascular risk in black hypogonadic 

men when compared to their white 

counterparts.

Indeed, the inverse associations be-

tween PP and AVR and CRAE in the 

white group are in accordance with 

what could be expected [5], while 

DOPP, which is dependent on DBP, 

shows similar associations of reduced 

perfusion and retinal calibre changes 

in the black men. Th e mechanisms 

behind the diff erences in these rela-

tionships in the ethnic groups are not 

clear. More metabolic disturbances, 

higher BP, PP, and ocular perfusion 

pressure in black men may possibly 

have exerted a larger impact on ocular 

blood fl ow than T alone. 

Several limitations of this study 

should be noted. Its cross-sectional 

design prevents causal inferences. A 

more representative and larger sam-

ple of the whole population of South 

Africa would be necessary to draw 

generalised conclusions. 

Conclusions

FT was independently associated with 

retinal vascular calibre in white but not 

in black men from South Africa. High 

PP was associated with arteriolar nar-

rowing in white men only, suggesting 

the possibility of an additional indirect 

association between T and retinal  mi-

crovascular calibre. Reduced perfusion 

and lower ocular blood fl ow in black 

men may increase their ischaemia 

and vascular dysregulation, ultimately 

leading to an increase in their stroke 

risk. Further prospective studies are 

necessary to explain these diff erences 

between black and white men
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