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INTRODUCTION 

 

Glaucoma, the second leading cause of blindness in the world according to the World 

Health Organization, is a disease of the optic nerve.  Primary open angle glaucoma (POAG) is 

the most common form of glaucoma, a chronic optic neuropathy, affecting about three million 

Americans.  Despite the extensive research done over the years on primary open angle glaucoma, 

little is known about the cause of the disease.  Epidemiological studies, though, have identified 

an elevated intraocular pressure (IOP) as being the most important risk factor for developing 

glaucoma.  Other risk factors include increasing age, African ancestry and family history.  

Despite the severity of the disease, patients usually do not experience symptoms as the disease 

progresses and there are no early warning signs.  If POAG is not diagnosed and treated, though, 

it can cause a gradual loss of vision, especially at the periphery of the vision field. 

When compared with other racial and ethnic groups, there is a disproportionately high 

prevalence and rapid progression of POAG in persons of African descent.
1-3

 The Baltimore Eye 

Survey found that POAG was 4 to 5 times more prevalent in persons of African descent 

compared to those of European descent - 1.2% of African Americans aged 40 to 49 years to 

11.3% of individuals 80 years or older, respectively. 
2
 The progression of POAG in individuals 

of African descent is also more than five times more rapid than the estimated 4-year incident rate 

in a predominately European population.
 4

 

Many studies have found risk factors that are vascular in nature and affect the perfusion 

of the optic nerve head and other ocular structures.  Potential vascular factors that may affect the 

risk of POAG include systemic hypertension, atherosclerosis, vasospasm, and acute hypotension. 
5,-7

 Studies have suggested that chronic hypertension may cause microvascular damage, whereas 

hypotension may cause damage through reduced local perfusion.  Ocular blood flow reduction in 

glaucoma patients may be caused by 1) increased local resistance to flow through structural or 

functional changes which reduce vascular diameter, 2) decreased ocular perfusion pressure 

caused by increased intraocular pressure and/or decreased systemic blood pressure, and 3) 

increased blood viscosity.
 8
 

Several pathophysiological mechanisms have been proposed to explain the relationship 

between systemic hypertension and the progression of glaucoma. Elevated systemic blood 

pressures could cause microvascular damage which impairs blood flow to the anterior optic 

nerve (130,131) and also interfere with the already impaired autoregulation of the posterior 

ciliary circulation (136).
 8

  Systemic hypertension shifts the autoregulatory range to a higher 

level, allowing the individual to better tolerate the increase in pressures but be less tolerant to 

low systemic blood pressure and more susceptible to an immediate and permanent damage from 

ischemia.
 8

 Antihypertensive therapy could cause further damage of the optic-nerve head by 



Pham 2 

inducing hypotensive episodes, especially at night (137-8).
 8

  Systemic blood pressure is also 

closely related to intraocular pressure, the main risk factor for developing glaucoma damage 

(142-5).
 8

  Epidemiological studies, though, have not shown a consistent association between 

hypertension and glaucoma. 

Some studies have shown a relationship between elevated blood pressure and glaucoma.  

The Egna-Neumarkt Study, a population-based study in northern Italy, found an association 

between POAG and systemic hypertension, with a reduced diastolic perfusion pressure being an 

important risk factor.
 9

 One population-based assessment found that systolic and diastolic blood 

pressure showed modest, positive association with POAG, a relationships that was stronger in 

older subjects.
 10 

Patients in the lowest category of perfusion pressure had a six time greater 

prevalence of POAG.   

The Los Angeles Latino Eye Study concluded that low perfusion pressures and diastolic 

blood pressure and high systolic and mean blood pressures are associated with a greater 

prevalence of open angle glaucoma in a population of adult Latinos.
11

 The Barbados Eye Study, 

a population-based study including 4709 Barbados residents, evaluated the risk factors for open-

angle glaucoma among black participants.
 12

 They did not find a relationship between 

hypertension and diabetes to the prevalence of open-angle glaucoma but a correlation was found 

with low diastolic perfusion pressures and low systolic and diastolic blood pressure/intraocular 

pressure ratios.  The study also found that lower systolic blood pressure and lower ocular 

perfusion pressures were predictors of POAG incidence.
 13

 In addition, this study found that 

increased age, male gender, high intraocular pressure and a family history of open-angle 

glaucoma were major risk factors for developing open-angle glaucoma. 

These varied results might come from the diverse definitions of POAG used in the 

different studies, the complexity of the involved mechanism and different study designs.  Due to 

the higher prevalence of POAG and hypertension in individuals of African descent, the project 

for this proposal will look at perfusion pressure and blood pressure and its link to OAG in 

persons of African and European descent in the African Descent and Glaucoma Evaluation Study 

(ADAGES) and Diagnostic Innovations in Glaucoma Study (DIGS) population.14 

 

MATERIALS AND METHODS 

Background: 
The major aims for ADAGES and DIGS were to identify factors accounting for 

differences
 
in glaucoma onset and rate of progression between individuals

 
of African descent and 

European descent.
 1-3

 The study is the first prospectively designed observational cohort study to 

follow up on a well-characterized African descent patient population covering all stages except 

end-stage glaucoma.  ADAGES aims to identify clinical factors which explain the difference in 

glaucoma incidence and progression found in individuals of African descent and European 

descent, to quantify the differences in visual function, optic disc and retinal nerve fiber layer 

structure and to study the progressive changes in these measurements in normal controls and 

POAGs in the different ancestry groups.
 15

   

 This study is a 3-site collaboration between Hamilton Glaucoma Center at the 

Department of Ophthalmology, University of California, San Diego, the New York Eye and Ear 

Infirmary, and the Department of Ophthalmology, University of Alabama, Birmingham.  All 3 

sites received institutional review board approval for the ADAGES study methods, which adhere 

to the tenets of the Declaration of Helsinki and to the Health Insurance Portability and 

Accountability Act.  All participants gave written informed consent.  Enrollment in the study 
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began January 2003 and ended July 2006.  UCSD was the data coordinating center, processing 

and analyzing the data.  The data from ADAGES were compared and combined with data from 

an additional group of 436 European descent normal and patient individuals from the Diagnostic 

Innovations in Glaucoma Study (DIGS).
 16,14

 

These studies recently analyzed different factors believed to account for the differences in 

glaucoma onset and rate of disease progression between individuals of African descent and 

European descent.  They found that individuals of African descent had thinner corneas, a higher 

percentage of reported diabetes mellitus and high blood pressure and a lower percentage of 

reported heart disease, and there was a worse pattern standard deviation for standard automated 

perimetry fields than Caucasians.
 14

 

 

Participants: 

ADAGES obtained baseline clinical, visual function and optic nerve structure data on 

803 individuals of African descent and 418 individuals of European descent and there were 436 

additional European descent participants from DIGS.
 15

 The participants were asked to self-report 

their ancestry using the National Eye Institute inclusion/enrollment system describing ethnicity 

and race (http://orwh.od.nih.gov/pubs/outreach.pdf [pages 120-121]). Information regarding a 

family history of glaucoma, a history of cardiovascular disease, systemic hypertension and 

medication use were also obtained.  The participant’s blood pressure and intraocular pressure 

measurements were gathered and an ocular exam was conducted.  

To be included in the study, participants need to have open angles, a best-corrected visual 

acuity of 20/40 or better, and a refraction less than 5.0 diopters sphere and 3.0 diopters cylinder.  

Patients need 1 good-quality stereophotograph and 1 reliable standard automated perimetry 

Humphrey 24-2 field test with less than 33% false positives, false negatives and fixation losses. 

Patients were excluded if they had a history of intraocular surgery (minus cataract or glaucoma 

surgery); secondary causes of glaucoma; other systemic or ocular diseases known to affect the 

visual field; significant cognitive impairment; history of stroke, Alzheimer disease, or dementia; 

problems other than glaucoma affecting color vision; an inability to perform visual field 

examinations reliably; or life-threatening disease that precluded retention in the study.  For this 

study, we looked at normal controls and POAG diagnosed individuals of African and European 

descent.  We used the information gathered at their baseline visit.  

Of these participants, we used data from only normal and glaucoma participants who had 

blood pressure and intraocular pressure measurements within sixteen weeks (four months) of 

each other.  This time frame was chosen based on the distribution of the population.  Thus, 

ultimately, 909 ADAGES participants and 279 DIGS participants were used for analysis in this 

paper.   

 

Data for Open-angle Glaucoma Classification: 

The diagnosis categories used were identical to those in ADAGES.
 15

 Patients were 

diagnosed with glaucoma if they had either a repeatable SAP Visual Field Test result with 

glaucomatous visual field loss, a photo grade that showed evidence of glaucomatous optic 

neuropathy, or both. 

 

Definitions: 

Glaucomatous Optic Disc Damage is defined as evidence of excavation, neuroretinal rim 

thinning or notching, localized or diffuse retinal nerve fiber layer defect, or a between-eye 

http://orwh.od.nih.gov/pubs/outreach.pdf
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asymmetry of the vertical cup-disc ratio more than 0.2 based on standardized assessment of 

photographs by at least 2 masked readers.
 15

 

Using the criteria in the Los Angeles Latino Eye Study, blood pressure  and hypertension 

are defined as antihypertensive therapy in progress, hypertension diagnosis, and/or measured 

hypertension [systolic blood pressure (SBP) > 140 mmHg and/or diastolic blood pressure (DBP)  

> 90 mmHg].  Borderline hypertension is defined as SBP between 120 and/or 140 and/or DBP 

between 80 and 90.  Hypotension was defined as SBP < 90 and/or DBP < 60.  Mean Arterial 

blood pressure is defined as 1/3 SBP + 2/3DBP.  Systolic, diastolic and mean perfusion pressures 

are defined as each value minus IOP.
 11

 

When choosing an IOP measurement for analysis, we chose the highest value of both 

eyes.  If both ocular IOP measurements were the same, we took the right eye measurement.
 10

 

 

Statistical Analysis: 

The data was statistically analyzed using JMP Software Version 8 to estimate the linkage 

of POAG with different categories of systolic blood pressure (SBP), diastolic  blood pressure 

(DBP) and mean arterial blood pressure (MBP) and different categories of systolic perfusion 

pressure (SPP), diastolic perfusion pressure (DPP) and mean perfusion pressure (MPP).  The 

study sample is divided into cases with POAG and normal controls with no POAG.  The 

frequencies of cases and controls across each category of analysis and demographic were 

calculated.  Covariate-adjusted logistic regression analyses was performed to estimate odds ratios 

of POAG across different definitions of hypertension (measured hypertension versus those 

categorized as hypertensive through medication use, measured hypertension and hypertension 

diagnosis) different categories of SBP, DBP, MBP, SPP, DPP and MPP.  These continuous 

variables were categorized into tertiles based on the distribution of the population.  Demographic 

risk factors like age and gender were also analyzed.  A mean age was calculated for each racial 

and diagnosis subgroup and age was arranged into categories of 10 years.  Multivariable analysis 

was performed to control for age, race, IOP measurement, history of elevated IOP treatment, and 

history of elevated blood pressure (including history of medical treatment).   

 

RESULTS 

Descriptive demographic and clinical information on the study population is presented in 

Table 1. A total of 1188 eyes from ADAGES and DIGS were studied, 535 healthy controls (275 

AD and 260 ED) and 653 glaucoma patients (338 AD and 315 ED), met the inclusion criteria 

and are included in this report.  The mean ages for AD individuals were significantly lower than 

ED individuals in both the normal control (45.1 and 48.1 years, respectively) and the POAG ( 

57.1 and 63.3 years, respectively) groups.  Overall, 32.71% of the Normal Controls were males 

and 41.65% of the POAG patients were males.  A significantly higher proportion of AD 

individuals than ED individuals had systemic hypertension in the POAG (62.72% and 52.06%, 

respectively P=0.0059).  In addition, the mean systolic and diastolic blood pressure was higher in 

AD compared to ED individuals of both diagnosis categories.  

Table 2 further describes the glaucoma diagnosis group.  In this group, individuals of 

African descent had higher mean values of SBP, DBP, MBP, IOP, SPP, DPP and MPP.  

Individuals of European descent with a history of diabetes had a 0.3902 lesser risk of having 

POAG than diabetic individuals of African descent (odds ratio=0.3902 95%CI 0.2062-0.7822).  

On the other hand, participants of European descent had a 1.941 greater chance of having POAG 

if they have a history of heart disease compared to patients of African descent with a history of 
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heart disease.  In those with POAG, those of European descent were older, with a 2.265 (95%CI 

1.451-3.536) greater risk than those of African descent in the 61-70 age range and a 3.457 

(95%CI 1.600-7.470) greater risk than those of African descent if they are older than 80 years 

old.  Gender and measured hypertension did not show a statistically significant difference 

between the races in patients with POAG.  

Table 3 provides medical history information within each racial group.  In those of 

African Descent, a family history of glaucoma increased the risk by 1.654 (95%CI 1.167-2.355), 

a history of diabetes increased the risk of POAG by 2.613 (95%CI 1.332-5.126) and patients 

with a history of hypertension were 2.079 (95% 1.503-2.875) times more likely to have POAG.  

Trends in participants of European descent are also described in Table 3.  In individuals of 

European descent, those with measured hypertension had a 2.487(95%CI 1.66-3.72) greater risk, 

those with a history of hypertension h ad a 2.444 (95%CI 1.733-3.447) greater risk, those with a 

family history of glaucoma developed 2.403 (95%CI 1.628-3.547) times more than those without 

a family history.  Instead of a history of diabetes being statistically significant like it was in those 

of African descent, in participants of European descent, a history of heart disease showed a 

statistically significant greater risk of POAG (2.074 95%CI 1.062-4.052) than those without a 

history.  

When looking only within individuals of African descent, only the SBP and SPP varied 

significantly between the normal controls and the POAG (Table 4), whereas in the European 

descent group, SBP, MBP, IOP, SPP, and MPP showed a statistically significant variance 

between the Normals and POAG (Table 5 and Chart 1).  In both racial groups, the statistically 

significant values were higher in individuals with POAG. 

Increasing age is a major risk factor for developing POAG and our results show that in 

individuals of African descent and European descent older than 70 years of age, the risk of 

POAG about triples  (Tables 4 and 5).  Younger age, was a protective factor and there were 

rarely cases in individuals below 40 years of age.  When comparing between POAGs of African 

and European descent, those of European descent greater than 60 years of age had about a double 

chance of having POAG compared to POAGs of African descent (Table 2). 

Table 6 and Chart 2 provide information on BP and PP-related factors and POAG 

between the participants of African descent and European descent.  In those with POAG, DBP, 

MBP, DPP and MPP showed a statistically significant variance between the racial groups.  

POAGs of European descent had a 1.890 (95%CI 1.300-2.748) greater risk of being in the lowest 

DBP tertile (<71 mmHg) and a 1.697 (95%CI 1.151-2.501) greater risk of being in the lowest 

MBP category (<89.5mmHg).  POAGs of European descent had a 1.452 (95%CI 1.002-2.105) 

greater likelihood of being in the lowest DPP group than those of African descent.  POAGs of 

African descent, though, showed a higher risk of having elevated DPP with glaucoma.  POAGs 

of European descent had a 0.6335 (95%CI 0.430-0.9332) chance of being in the highest DPP 

category when compared to those of African descent.  With regards to MPP, those of African 

descent also had a greater risk of being in the highest MPP category, which European descent 

POAGs having a 0.6864 (95%CI 0.4724-0.9974) likelihood of having elevated MPP if they have 

glaucoma.  Overall, Normals and POAGs of African descent had higher perfusion pressures and 

blood pressures while those of European descent had a greater chance of having lower blood and 

perfusion pressures, (except SPP, where POAGs of European descent had a 0.9664 (95%CI 

0.6553-1.425) less likelihood than those of African descent for being in the lowest SPP category.  

This relationship, though, was not statistically significant). 
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When looking at those of AD, in Table 7, there was a statistically significant variance 

between the SBP and MBP of normals and POAGs with lower MBP having a protective factor 

against POAG (OR=0.6161 95%CI 0.4078-0.9308).  In those of European descent, Table  8, the 

SBP, MBP and SPP tertiles were shown to vary statistically significantly between the diagnosis 

groups.  POAGs of European descent had a 2.342 (95%CI 1.300-3.658) likelihood of being in t 

he highest SBP category, a 1.608 (95%CI 1.029-2.512) chance of being in t he highest MBP 

category and 2.217 (95%CI 1.434-3.428) likelihood of being in the highest SPP category.   

 

DISCUSSION 

Blood Pressure:   

Elevated blood pressure was found in patients with POAG, which we expected due to the 

pathological changes that occur as discussed previously.  We found a statistically higher DBP 

and MBP, in POAG AD individuals.   In individuals of African descent alone, only SBP 

(P=0.0024) showed a statistically significant difference between Normals and POAGs of African 

descent, with those with POAG having a higher SBP. We found that only the highest SBP tertile 

in AD correlated with a higher prevalence of POAG (odds ratio=1.194 95%CI 0.8086-1.7636).  

These relationships were not statistically significant, though. In those of European descent, 

POAGs had a statistically significant higher SBP (P=<0.0001) and MBP (P=0.0012) values than 

the Normals of European descent.  SBP, DBP and MBP measurements in the highest tertile all 

denoted a higher prevalence of POAG, with SBP and MBP being statistically significant.  Since 

those of European descent were older, the stronger correlation in those of European descent 

could be age-related since in the earlier stages of hypertension, it can be protective against 

POAG, but in the later stages, higher blood pressure increases the risk of POAG.
 17

 Blood 

pressure measurements can be influenced my many factors, for instance the use of 

antihypertensive therapy and the environment at which the values were taken at.  Thus, a single 

blood pressure measurement might not be indicative of their true blood pressure.    

 

Hypertension: 

When comparing Normal Controls and POAGs within the different racial groups, a 

history of hypertension had a statistically significant relationship to POAG, (odds ratio=2.079 

95%CI 1.504-2.875 for individuals of African descent and odds ratio = 2.444 95%CI 1.733-

3.4465 for individuals of European descent).  Past studies have shown conflicting results in 

regards to the relationship between hypertension and POAG.
 10,12,9,18 

These differences in study 

results could be explained by the difference in the definition of “hypertension,” the inclusion or 

exclusion of IOP measurement in the definition of POAG and the impact of antihypertensive 

therapy.  There might also be a selection bias since individuals who are seen in clinics may have 

more access to health care services and more likely to be diagnosed with hypertension.  

Hypertension is an important factor to study because it is highly prevalent in individuals of 

African descent, a population which also has a greater incidence of POAG, and can cause 

glaucomatous damage microvascularly, through impairing autoregulation and through its close 

link to IOP.  Further longitudinal studies should be performed to evaluate this association. 

 

Ocular Perfusion Pressure:    

In individuals of African descent, there was a statistically significant higher mean SPP 

measurement (P=0.0103) and in individuals of European descent, higher mean SPP (P=<0.0001) 

and MPP (P=0.0300) values in those diagnosed with POAG when compared to Normals.  When 
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looking at the tertiles, we did not find a statistically significant correlation but it seemed like the 

highest tertiles for SPP and MPP and the lowest tertile for DPP correlated with increased 

prevalence of POAG.  In individuals of European descent, the highest tertile of SPP had an 

increased prevalence of POAG (odds ratio=2.217 95%CI 1.434-3.428).  Many other cross-

sectional and longitudinal studies, though, have found that the lower the perfusion pressure, the 

higher the risk of POAG.
 10,12,9,18  

Other literature also pose conflicting reports.  The Beijing Eye 

study found no significant relationship between PP and POAG
19 

and a cross-sectional study of 

participants in Nigeria found that elevated systolic perfusion pressure (P<0.01) was significantly 

higher in glaucoma patients.
 20 

Since perfusion pressure is calculated from blood pressure and 

intraocular pressure, there are many factors which will influence the measurement found for 

perfusion pressure.  Different treatments for elevated BP or IOP will affect the PP calculated, but 

to an unknown and varied amount. Our results might also have been influenced by the fact that 

we analyzed all age groups together.  BP measured at the arm may not accurately represent the 

blood flow in ocular blood vessels in elderly patients with hypertension since in these patients 

there might be reduced blood flow and thus reduced perfusion pressure.
 20  

Since BP and IOP 

may also be related differently in different populations, further studies looking within the 

different characteristics, races and age groups might provide better information about PP and 

POAG risk.  Since we found that many glaucoma patients were treated for elevated IOP and had 

hypertension, these characteristics might have caused an overestimation of the participant’s 

perfusion pressure and might not be an accurate representation of this measurement.  

 

Intraocular Pressure: 

As expected, IOP was highest in individuals with POAG in both populations of African 

and European descent, with Normal and POAG ADs having the higher respectively means. Since 

systemic blood pressure correlates with IOP and individuals of African descent were found to 

have higher systemic blood pressure, it was expected that those of African descent would also 

have higher IOP when compared to participants of European descent.
 21-25

 

 

Strengths, Limitations and Generalizability: 

This study is a cross-sectional study of a group of individuals of African and European 

descent recruited from three centers in different geographical locations across the United States 

so we will be able to generalize the results to these populations. Our study population is not 

derived from a population-based sample and therefore we cannot estimate prevalence and may 

be subject to greater selection bias than population-based studies.  

The criteria for POAG diagnosis were rigorous and did not include any probable or 

suspect patients.  Study data were collected according to carefully designed protocols aimed at 

achieving completeness and quality information. Access to eye care is controlled for since the 

participants receive quality eye care at the study centers.  

 

CONCLUSION 

The relationship between blood pressure, perfusion pressure and POAG is poorly 

understood and many studies, as previously described, have tried to uncover and explain this 

relationship, with many conflicting reports. The variability in results reflects the complex 

relationship between BP and POAG.  This relationship may be affected by IOP and BP-lowering 

therapies, the different criteria for POAG diagnosis and hypertension, the duration of 

hypertension and the different racial and environmental factors which might influence the 
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development of POAG.  Primary Open Angle Glaucoma appears to be influenced by many 

different factors, as shown here in this study and in many past studies.   The same risk factors 

can vary in their influence in different populations and environments.  As in other studies, age, 

family history of glaucoma and IOP were strongly related to POAG risk.  There is also a 

suggested role for vascular risk factors such as blood pressure and perfusion pressure. Blood 

pressure control could be important for ocular health due to it’s relationship to IOP and regular 

eye screenings would be advised, especially in older individuals and in patients of African 

descent.  We conclude that vascular factors are not the sole indicators of POAG and that many 

other risk factors act synergistically to contribute to glaucomatous optic nerve damage.  

Continued studies should be conducted to further elucidate information about other risk factors 

for POAG.
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Table 1 Demographic and Clinical Characteristics stratified by presence of Primary Open Angle 

Glaucoma (POAG) in participants 

 

 Normal Controls POAG P Value 

 N (%) N (%)  

N=1188 535 653  

AGE 46.59 (45.34-47.84) 60.10 (59.07-61.12) <0.0001* 

GENDER (Male) 175 (32.71) 272 (41.65) 0.0015* 

RACE   0.9019 

AD 275 (51.40) 338 (51.76)  

ED 260 (48.60) 315 (48.24)  

FAMILY HISTORY 

OF GLAUCOMA 
116 (21.68) 230 (35.22) <0.0001* 

HISTORY OF 

DIABETES 
19 (3.55) 50 (7.66) 0.0021* 

HISTORY OF 

HEART DIEASE 
19 (3.55) 49 (7.50) 0.0029* 

HISTORY OF 

HYPERTENSION 
1
 

203 (37.94) 376 (57.58) <0.0001* 

IOP LOWERING 

MEDICATIONS 
0 338 (51.76) <0.0001* 

SBP MEAN 127.6 (126.24-128.98) 133.1 (131.77-134.35) <0.0001* 

DBP MEAN 76.71 (75.82-77.6) 76.93 (76.14-77.72) 0.7198 

MBP MEAN 11.18 (92.73-94.63) 95.64 (94.8-96.48) 0.0023* 

SPP MEAN 110.0 (108.67-111.4) 114.7 (113.4-116.0) <0.0001* 

DPP MEAN 59.13 (58.22-60.04) 58.59 (57.75-59.44) 0.3981 

MPP MEAN 76.09 (75.14-77.05) 77.30 (76.42-78.19) 0.0685 

IOP MEAN 17.58 (17.287-17.88) 18.34 (18.01-18.66) 0.0009* 

 

1 History of Hypertension = measured hypertension, antihypertensive therapy and past diagnosis 
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Table 2: Medical History 

 AFRICAN DESCENT EUROPEAN DESCENT 

   P value 
Odds 

Ratio 
  P value 

Odds 

Ratio 

FAMILY 

HISTORY 

OF 

GLAUCOM

A 

68 

(24.7) 

119 

(35.2) 
0.0048* 

OR = 

1.654 

(1.167-

2.355) 

48 (18.46) 
111 

(35.24) 
<0.0001* 

OR=2.4

032  

(1.628-

3.547) 

HISTORY 

OF 

DIABETES 

12 

(4.36) 

36 

(10.7) 
0.0031* 

OR=2.6

13 

(1.332-

5.126) 

7 (2.69) 14 (4.44) 0.2591 

OR = 

1.681 

(0.6682

-4.229) 

HISTORY 

OF HEART 

DIEASE 

6 (2.18) 
18 

(5.33) 
0.0401* 

OR=2.5

22 

(0.9870

-6.443) 

13 (5.00) 31 (9.84) 0.0269* 

OR=2.0

74 

(1.062-

4.052) 

MEASURED 

HYPERTEN

SION 

85 

(30.91) 

123 

(36.4) 
0.153 

OR = 

1.279 

(0.9117

-1.794) 

43 (16.54) 
104 

(33.02) 
<0.0001* 

OR = 

2.487 

(1.66-

3.72) 

HISTORY 

OF 

HYPERTEN

SION 
1
 

123 

(44.7) 

212 

(62.7) 

<0.0001

* 

OR = 

2.079 

(1.503-

2.875) 

80 (30.77) 14 (52.06) <0.0001* 

OR = 

2.444 

(1.733-

3.446) 

 

1 History of Hypertension = measured hypertension, antihypertensive therapy and past diagnosis 
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Table 3: African Descent 

 

 

African Descent 

 Normal POAG p-value 

N =613 275 338  

    

AGE    <0.0001* 

Less than 40 95 (34.6) 32 (9.47) 0.196 (0.117-0.328) 

41-50 85 (30.9) 73 (21.6) 0.500 (0.318-0.785) 

51-60 57 (20.7) 98 (29.0) 1 

61-70 29 (10.6) 62 (18.3) 1.24 (0.718-2.15) 

70-80 7 (2.55) 62 (18.3) 5.15 (2.21-12.0) 

>80 2 (0.73) 11 (3.25) 3.20 (0.686-15.0) 

~AGE (mean 95% CI) 
45.1 (43.5-46.7) 57.1 (55.7-58.5) <0.0001* 

GENDER (Male) 86 (31.3) 131 (38.8) 0.0534 

SBP MEAN 130.0 (128.0-132.0) 134.2 (132.4-136.0) 0.0024* 

DBP MEAN 79.41 (78.19-80.64) 78.95 (77.86-80.04) 0.5770 

MBP MEAN 96.28 (94.94-97.63) 97.36 (96.2-98.53) 0.2305 

IOP MEAN 17.88 (17.44-18.32) 18.49 (18.02-18.96) 0.0689 

SPP MEAN 112.14 (110.1-114.1) 115.7 (113.9-117.6) 0.0103* 

DPP MEAN 61.53 (60.27-62.80) 60.46 (59.28-61.65) 0.2260 

MPP MEAN 78.40 (77.03-79.78) 78.88 (77.63-80.12) 0.6144 
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Table 4: European Descent 

 

 

European Descent 

 Normal POAG p-value 

N =575 260 315  

    

AGE    <0.0001* 

Less than 40 81 (31.2) 14 (4.44) 0.1393 (0.07121-0.2725) 

41-50 61 (23.5) 33 (10.5) 0.4360 (0.2503-0.7594) 

51-60 54 (20.8) 67 (21.3) 1 

61-70 40 (15.4) 96 (30.5) 1.934 (1.157-3.235) 

70-80 17 (6.54) 79 (25.1) 3.745 (1.985-7.067) 

>80 7 (2.69) 26 (8.25) 2.994 (1.207-7.424) 

~AGE (mean 95% CI) 
48.12 (46.19-50.06) 63.29 (61.87-64.70) 

<0.0001* 

GENDER (Male) 89 (34.23) 141 (44.76) 0.0101* 

SBP MEAN 
125.06 (123.2-

126.9) 
131.8 (130.0-133.7) 

<0.0001* 

DBP MEAN 73.85 (72.64-75.07) 74.76 (73.66-75.86) 0.2767 

MBP MEAN 90.92 (89.66-92.18) 93.79 (92.61-94.96) 0.0012* 

IOP MEAN 17.27 (16.88-17.66) 18.17 (17.73-18.61) 0.0032* 

SPP MEAN 107.8 (106.0-109.6) 113.7 (111.8-115.5) <0.0001* 

DPP MEAN 56.58 (55.34-57.83) 56.59 (55.42-57.76) 0.9975 

MPP MEAN 73.65 (72.39-74.91) 75.61 (74.38-76.84) 0.0300* 
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 Table 5: Blood Pressure Odds Ratios by Race 

 

 AFRICAN DESCENT EUROPEAN DESCENT 

 Normal POAG Odds Ratio Normal POAG Odds Ratio 

 275 338  260 315  

SBP
1
 P=0.0223*   P=<0.0001*   

<123 102 (37.09) 92 (27.22) 
0.6970 (0.4675-

1.039) 
119 (45.77) 96 (30.48) 

0.7320 (0.4989-

1.074) 

123-

137 
85 (30.91) 

110 

(32.54) 
1 98 (37.69) 108 (34.29) 1 

>137 88 (32.00) 
136 

(40.24) 

1.194 (0.8086-

1.764) 
43 (16.54) 111 (35.24) 

2.342 (1.300-

3.658) 

DBP
1
 P=0.5004   P=0.6542   

<71 76 (27.64) 92 (27.22) 
0.8675 (0.5751-

1.309) 
119 (45.77) 142 (45.08) 

1.059 (0.726-

1.546) 

71-82 86 (31.27) 
120 

(35.50) 
1 87 (33.46) 98 (31.11) 1 

>82 113 (41.09) 
126 

(37.28) 

0.7991 (0.5488-

1.164) 
54 (20.77) 75 (23.81) 

1.233 (0.7835-

1.941) 

MBP
1
 P=0.0439*   P=0.0013*   

<88 88 (3.00) 82 (24.26) 
0.6161 (0.4078-

0.9308) 
127 (48.85) 115 (36.51) 

0.7425 (0.5048-

1.092) 

88-99 80 (29.09) 
121 

(35.80) 
1 82 (31.54) 100 (31.75) 1 

>99 107 (38.91) 
135 

(39.94) 

0.8342 (0.5707-

1.219) 
51 (19.62) 100 (31.75) 

1.608 (1.029-

2.512) 

 

SBP = systolic blood pressure; DBP = diastolic blood pressure; MBP= mean arterial pressure 

1 Measurements broken into tertiles.
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Table 6: Perfusion Pressure Odds Ratio by Race 

 

 AFRICAN DESCENT EUROPEAN DESCENT 

 Normal POAG Odds Ratio Normal POAG Odds Ratio 

 275 338  260 315  

SPP
1
 P=0.0674   P=<0.0001*   

<105 
100 

(36.36) 
95 (28.11) 

0.7735 (0.522-

1.146) 
112 (43.08) 91 (28.89) 

0.7400 (0.5033-

1.0878) 

105-

120 

92 

(33.45) 

113 

(33.43) 
1 102 (39.23) 112 (35.56) 1 

>120 
83 

(30.18) 

130 

(38.46) 

1.275 (0.8640-

1.882) 
46 (17.69) 112 (35.56) 

2.217 (1.434-

3.428) 

DPP
1
 P=0.5813   P=0.6964   

<53 
69 

(25.009) 
96 (28.40) 

1.127 (0.7468-

1.702) 
117 (45.00) 131 (41.59) 

0.8526 (0.5836-

1.246) 

53-64 
94 

(34.18) 

116 

(34.32) 
1 83 (31.92) 109 (34.60) 1 

>64 
112 

(40.73) 

126 

(37.28) 

0.9116 (0.6281-

1.323) 
60 (23.08) 75 (23.81) 

0.9518 (0.6108-

1.483) 

MPP
1
 P=0.7666   P=0.0568   

<71 
80 

(20.09) 
90 (26.63) 

0.9102 (0.6036-

1.373) 
112 (43.08) 114 (36.19) 

0.8765 (0.5990-

1.283) 

71-81 
89 

(32.36) 

110 

(32.54) 
1 93 (35.77) 108 (34.29) 1 

>81 
106 

(38.55) 

138 

(40.83) 

1.053 (0.7225-

1.536) 
55 (21.15) 93 (29.52) 

1.456 (0.9438-

2.246) 

 

SPP = systolic perfusion pressure; DPP = diastolic perfusion pressure; MBP= mean perfusion 

pressure 

1 Measurements broken into tertiles. 
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Chart 1: 

Perfusion Pressure Measurements by Race and Diagnosis (unadjusted) 
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Chart 2: 

Perfusion Pressure Odds Ratios 
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