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T
he importance of the risk factor (RF) awareness in oph-
thalmology has been underscored in recent years by the
heightened availability of validated predictive models
estimating the risk of conversion from ocular hyperten-

sion (OHT) to glaucoma. The goals of RF analysis are to identify
patients who will most likely benefit from early treatment, make
judicious decisions regarding when to initiate treatment, and deter-
mine how aggressively treatment goals should be set.1 The Ocular
Hypertension Treatment Study (OHTS), a pivotal prospective trial
comparing the outcomes of treatment versus observation in subjects
with OHT, demonstrated that reducing intraocular pressure (IOP) by
at least 20% decreased the cumulative probability of developing glau-
coma after 5 years from 9.5% to 4.4%.2,3 The results of this study
appeared to indicate that a relatively smaller percentage of untreated
patients with OHT will develop glaucoma compared with those not
progressing. Yet, multiple population studies have approximated that
3 million to 6 million individuals in the United States alone (includ-
ing 4%-10% of adults older than 40 years) harbor IOPs of at least
21 mm Hg without overt clinical signs of glaucomatous damage.4-7

Extrapolating the likelihood of glaucoma progression to these figures,
it is estimated that without intervention, nearly 0.3 million to 0.6
million Americans are potentially at risk for glaucomatous injury
within a 5-year period. 

In addition to ascertaining the link between reduction in IOP and
the prevention or delay of glaucoma onset, a landmark contribution
of the OHTS was the identification of significant RFs for progressing
from OHT to glaucoma. RF recognition by the clinician is paramount
to instituting timely treatment as well as avoiding the potential risks,
inconvenience, and expense of unwarranted intervention. The man-
ner in which ophthalmologists apply their knowledge of RFs in clin-
ical practice, however, continues to evolve. Managing patients with
glaucoma has traditionally relied on the following sequence of events:
(1) detecting structural or functional damage; (2) establishing a
target IOP to reduce or deter damage; (3) initiating treatment; and
(4) monitoring for disease progression.1 Because glaucomatous dam-
age is irreversible, however, treatment decisions based reactively on
indicators of disease progression rather than RFs may result in sub-
stantial vision loss for high-risk patients who might have otherwise
avoided glaucomatous injury through timely intervention. 
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Abstract
Objective: To report percentage of patients
who present with glaucomatous risk factors
(RFs) and determine average cumulative 
5-year glaucoma progression risk in a subset
of ocular hypertensive patients using the
Ocular Hypertension Study (OHTS) predictive
risk scoring system.
Study Design: A retrospective chart review of
patients treated at a large ophthalmology
clinic for International Classification of
Diseases, Ninth Revision glaucoma-related
diagnoses.
Methods: Medical records were screened for
demographic, clinical, and ocular RFs. Data
were collected on ocular attributes, and
descriptive, cross-tabulation, and regression
statistics were applied to depict prevalence
and potential influence of RFs. For the ocular
hypertension subset, the OHTS risk scoring
system calculated average cumulative 5-year
risk of glaucoma conversion.
Results: With 1189 eligible medical records
available, univariate analyses demonstrated
significant associations between older age
and mean deviation (MD), vertical cup-to-disc
ratio (CDR), intraocular pressure, and central
corneal thickness (CCT). The presence of 
diabetes mellitus had a protective effect.
Regression analyses identified age, mean
CCT, and CDR as significant predictors of MD,
whereas CCT was the strongest predictor of
vertical CDR. Mean composite OHTS score
was 9.7, signifying a 15% cumulative 
5-year risk for developing glaucoma.
Conclusions: Known RFs were present in
approximately one third of patients. Although
analyses confirmed the predictive value of
these RFs, existing models may not account
for several important RFs or may rely on 
ocular metrics that might not be routinely or
practically assessed in clinical practice. Addi-
tional studies are required to incorporate
these considerations into future predictive
models to enhance their clinical application
and the interpretation of risk estimates.

(Am J Manag Care. 2008;14:S28-S36)
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We conducted a retrospective review and analy-
sis of medical records for 1189 patients attending an
ophthalmology clinic of a large, urban, managed
care organization in Los Angeles, California. The
aim of this study was to determine the percentage
and characteristics of patients presenting with glau-
comatous RFs in this sample and to calculate the
average predicted 5-year probability of glaucoma
conversion for patients with OHT. For the former
analysis, we explored and described the potential
associations between demographic, clinical, and
ocular RFs for glaucoma progression using cross-tab-
ulation statistics and regression methods. For the lat-
ter, we employed the predictive model developed by
the OHTS group, which was derived from the find-
ings of the OHTS. This model was developed based
on attributes of the observation group in the OHTS
and validated recently in the placebo group of the
European Glaucoma Prevention Study (EGPS).2,4,8

The pooled predictive model is comprised of a
simple risk scoring system, which may be feasibly
adopted by the clinician, and has been found to be
reasonably discriminatory for estimating the 5-year
risk of conversion from OHT to glaucoma.

Methods and Materials
The electronic medical records database was

searched, and all medical records for patients treated
under the International Classification of Diseases, Ninth
Revision (ICD-9) global code index 365.x for glauco-
ma and glaucoma-related diagnoses (eg, OHT and
glaucoma suspect) were eligible for inclusion. All
patients had been examined on at least 1 occasion
with the initial visit occurring between June 2000
and May 2005. 

Based on the evidence from the OHTS and
other published clinical trials,2,9-17 we identified 15
RFs that have been reputedly associated with glau-
coma progression (Table 1). The medical records
were screened for the following RF information:
age, racial descent, family history of glaucoma (ie,
parents and/or siblings), and documented diagnoses
of coexistent diabetes mellitus (DM), systemic
hypertension, cardiovascular disease, migraine, or
vasospasm. Cardiovascular disease, systemic hyper-
tension, DM, and migraine were considered present
if a clear documentation of diagnosis or related
treatment was recorded on the medical chart. Addi-
tionally, we collected data on reported ocular meas-

urements of IOP, vertical cup-to-disc ratio (CDR),
central corneal thickness (CCT), and visual field
indices, including pattern standard deviation (PSD),
and mean deviation (MD). Documentation of the
presence or absence of myopia greater than –3
diopters, pseudoexfoliation, and optic disc hemor-
rhage was also recorded. 

Statistical Analysis
All statistical analyses were performed with the

aid of Statistical Package for the Social Sciences
(SPSS, Inc, Chicago, IL) for Windows (version
14.0, Microsoft Corporation, Redmond, WA).
Missing data were handled using listwise deletion
when the pattern of missing data was determined to
be random and the number of missing cases did not
exceed 5%. For data not meeting these criteria, an
expectation maximization (EM) algorithm (SPSS,
1999) was employed. The EM algorithm consists of
a 2-step process. First, the expected values missing
observations are computed using regression equa-
tions based on the observed data. Then, the missing
values are replaced by the conditional means

n Table 1. Risk Factors for Glaucoma Progression

Demographic risk factors

Age >70 years

Positive family history of glaucoma

African American descent

Nonocular medical risk factors

Cardiovascular disease

Systemic hypertension

Diabetes mellitus

Migraine headache

Vasospasm

Ocular risk factors

Elevated IOP (>21 mm Hg)

Increased CDR (>0.8)

Low CCT (<536 µm)

Poor visual field score (MD <−10 dB, PSD >1%)

Optic disc hemorrhage

Pseudoexfoliation sign

Myopia >−3 D

IOP indicates intraocular pressure; CDR, cup-to-disc ratio; CCT, central
corneal thickness; MD, mean deviation; PSD, pattern standard deviation;
D, diopters.
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derived from the regression equations.18 Statistical
significance was defined as P <.05.

We applied descriptive statistics to indicate the
frequency of demographic and clinical RFs.
Measurements of age and ocular indices, including
IOP, MD, vertical CDR, CCT, and PSD, were
reported as the mean ± 1 standard deviation (SD)
and analyzed as continuous variables. For cases doc-
umenting ocular metrics for the right and left eyes
obtained on 1 or more visits, the calculated mean
ocular measurements represented the average of the
mean respective values for the right and left eyes.
Demographic and clinical parameters, which were
characterized as categorical or nominal data, were
expressed as number counts and the percentages of
the total number of patients. 

In exploring the data, we addressed the follow-
ing research questions for the study sample:

1. Are there any identifiable patterns of associa-
tion among demographic, clinical, and ocular
RFs? 

2. What is the relative influence of nonocular
and ocular RFs in predicting visual field loss
and optic nerve damage as quantified by MD
and CDR, respectively? 

3. What is the 5-year risk of progression to glau-
coma for patients with OHT?

In addressing the first question, we determined
the distribution of RFs among patients by dividing
the study sample into subgroups using the presence
or absence of demographic, clinical, and ocular
RFs as stratification variables. Threshold values for
defining the presence of risk versus the absence of
risk for ocular RFs were based on standards estab-
lished in the published literature2,9-17 or by expert
opinion provided by practicing ophthalmologists19

(Table 1). A preliminary series of univariate analy-
ses was performed, and nonocular and ocular RFs
demonstrating statistically significant associations
were cross-tabulated in separate two-by-two contin-
gency tables. The strength and significance of asso-
ciations between the presence of these demographic
and/or clinical RFs and the presence of ocular RFs
were assessed using χ2 statistics and expressed as a
phi coefficient for nominal variables.

For the second investigation, 2 separate multiple
regression models, Model 1 and Model 2, were ana-
lyzed using a stepwise selection method. The
explanatory variables consisted of the RFs from the

prior analysis. The mean bilateral MD and vertical
CDR were modeled as dependent variables in
Model 1 and Model 2, respectively, and were con-
trolled for in Model 2 and Model 1, respectively.
These ocular measures were selected as dependent
variables because of their dual association as indica-
tors of disease severity, and given the fact that
rather than true RFs, these parameters herald signs
of early glaucomatous damage.4 Nominal data for
demographic and clinical RFs were coded as binary
variables, with “0” and “1” signifying the absence
and presence of the RF, respectively, whereas age
and ocular RFs were analyzed as continuous vari-
ables. Goodness of fit and the assumption of inde-
pendent errors were assessed via R2 and the
Durbin-Watson statistic, respectively.

For the final inquiry, we calculated the 5-year risk
for progression to glaucoma for the subset of patients
with OHT by applying the validated risk scoring sys-
tem developed by Medeiros and colleagues.4,8 This
predictive model has been recently updated and val-
idated by the OHTS group and the EGPS group, and
details of the scoring method have been previously
published.4 For each patient with a documented
diagnosis of OHT, we assigned points ranging from
0 (denoting lowest risk) to 4 (denoting highest risk)
to each of 5 predictors: baseline age, IOP, CCT, ver-
tical CDR, and Humphrey visual field PSD. Ocular
measurements represented the average of the mean
values for the right and left eyes. All points for the
5 RFs were summed, and the 5-year risk for con-
version to glaucoma was determined based on the
composite risk score (Table 2). Additionally, we
calculated the average composite risk score and the
average 5-year risk for conversion from OHT to
glaucoma for the total OHT sample.

Results
Risk Factor Prevalence and Patterns of Associ-

ation. Medical records were available for 1189
patients who were evaluated between June 2000
and May 2005 for conditions classified under the
ICD-9 global code index 365.x for glaucoma. One
patient, aged 4 years, was deemed an outlier and
excluded from the analyses. Tables 3 and 4 list the
demographic, clinical, and ocular characteristics of
the sample. The largest percentages of missing data
were evident for the age (28.7%) and race (31.6%)
parameters and measurements of CCT (81.0%). 
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Based on the available ages for 847 patients, the
sample generally represented an elderly cohort with
a mean age of 63.0 years (SD 11.9); approximately
one third of these patients exceeded the age of 70
years. Specific glaucoma-related diagnoses were
recorded for 1120 patients, of whom 79 (7.1%)
carried a documented diagnosis of glaucoma. Glau-
coma suspects comprised the majority (69.5%),
followed by patients with OHT (18.6%) and those
with primary open-angle glaucoma (POAG
[3.2%]). Most patients (81.3%) reported no familial
history of glaucoma. Hypertension and DM were
the most prevalent comorbidities affecting 38.8%
and 23.5% of the participants, respectively.
Approximately 18% of patients with available data
were of African American descent, while Latinos
and Caucasians represented 25.8% and 18.6% of
the cohort, respectively.

Data on ocular measurements were also incon-
sistently documented across patients (Table 4).
However, 1178 (99%) patients had recorded
measurements of IOP on at least 1 occasion. The
mean IOP for both eyes was 18.0 (SD 11.9) mm
Hg. On average, the vertical CDR, based on
measurements for 1048 patients, was 0.52 (SD
0.18). Visual field testing revealed a mean PSD of
2.62 (SD 1.8) dB and a mean MD of −2.20 (SD
3.2) dB based on 861 and 863 documented obser-
vations, respectively. For the 227 patients with
measurements of CCT, the mean value was 553.0
µm (33.6). None of the patients had pseudoexfo-

liation; optic disc hemorrhage and high myopia
occurred infrequently.

Univariate regression analyses examining the
relationships between nonocular and ocular RFs
demonstrated that when age and DM were consid-
ered alone, both were significant predictors of MD,
PSD, vertical CDR, IOP, and CCT (all, P <.05;
each based on the F-statistic and 1 degree of free-
dom). Age was positively associated with these ocu-
lar parameters, whereas the presence of DM was
negatively associated. None of the remaining demo-
graphic or nonocular clinical RFs shared significant
associations with ocular RFs. (Because of the negli-
gible numbers of patients with cardiovascular dis-
ease and migraine, we did not include these RFs as
predictive variables.)

Based on the results of this preliminary analysis,
we stratified the sample using the following criteria:
age >70 or ≤70 years, DM or no DM, mean IOP >21
or <0.8 in both eyes, CCT <536 µm in either eye or
>536 µm in both eyes, and mean MD <−10 dB in
either eye or MD >−10 dB in both eyes. These cri-
teria were selected because of their reputed associa-
tion with RFs or indicators of glaucoma progression,
as reported in the published literature.20-23 The cri-
terion for disease progression as indicated by mean
MD was based on expert opinion provided by prac-
ticing ophthalmologists.19 Applying cross-tabula-
tion statistics, we found negligible, but significant,
associations between age >70 years and both the
presence of elevated IOP >21 mm Hg (phi –0.10;

n Table 2. The OHTS Predictive Model Scoring System for Calculating the 5-Year Risk of Developing POAG in
Patients With OHT 

Points

Risk Factor* 0 1 2 3 4

Age (years) <45 45 to <55 55 to <65 65 to <75 >75

Mean IOP (mm Hg) <22 22 to <24 24 to <26 26 to <28 >28

Mean CCT (µm) <600 576 to 600 551 to 575 526 to 550 <525

Vertical CDR by contour <0.3 0.3 to <0.4 0.4 to <0.5 0.5 to <0.6 >0.6

Mean PSD (dB) <1.8 1.8 to <2.0 2.0 to <2.4 2.4 to <2.8 >2.8

Sum of points 0 to 6 7 to 8 9 to 10 11 to 12 >12

Estimated 5-year risk of POAG <4.0% 10% 15% 20% >33%

OHTS indicates Ocular Hypertension Study; POAG, primary open-angle glaucoma; OHT, ocular hypertension; IOP, intraocular pressure; CCT, central
corneal thickness; CDR, cup-to-disc ratio; PSD, pattern standard deviation.
Ocular risk factors represent the mean of right and left eyes.
Adapted from Gordon MO, et al. Ocular Hypertension Treatment Study Group, European Glaucoma Prevention Study Group. Ophthalmology. 2007;114:10-19. 



Reports

S32 n www.ajmc.com n FEBRUARY 2008

P = .004) and the presence of greater visual field loss
(phi 0.16; P <.001). Coexistent DM was also weakly
but inversely and significantly associated with thinner
central corneas (<536 µm) (phi –0.15; P = .029) and
higher vertical CDR (>0.8) (phi –0.082; P = .008)
(Table 5).

To address the second research question, we
investigated the relative contribution of nonocular
RFs and ocular RFs in predicting visual field loss and
optic nerve damage (as measured by MD and CDR,
respectively) by analyzing 2 separate multiple regres-
sion models using stepwise methods. In both models,
based on the results of the prior analyses, we assigned
nonocular RFs, age and diabetes, and ocular RFs,
mean IOP, and mean CCT as explanatory variables
while controlling for mean MD and mean vertical
CDR in the alternate model. Both final regression
models were determined to be adequately fitted.

In Model 1, age, mean CCT, and mean vertical
CDR were significant predictors of MD, cumula-
tively accounting for 11.2% of the variance in
visual field measurement. Of the 3 explanatory vari-
ables, the extent of visual field loss, as measured by
mean MD, was most sensitive to variances in age.
This was evident in comparing the standardized
beta coefficients (Table 6), which showed that
increasing age by 1 SD (ie, ~12 years) in the study
sample worsened the mean MD by 0.34 SD (1.8
dB). By comparison, increases in the mean CCT
and vertical CDR by 1 SD worsened the mean MD
by 0.12 SD and 0.09 SD, respectively. Because of
the inverse relationship between mean CCT and
mean MD, indicating worsening visual field defect
with thicker central corneas, we evaluated the inde-
pendent variables in model 1 for colinearity, since
correlations between predictor variables may
affect the direction of relationships between
independent and dependent variables. In this
analysis, we observed a moderate, significant asso-
ciation between mean CCT and vertical CDR
(Pearson’s r = –0.522; P <.001). Although knowl-
edge of the mean CCT and vertical CDR signifi-
cantly improved the overall predictive value of the
model, these ocular RFs jointly accounted for
approximately 1% of the variance in mean MD.

In Model 2, age, mean CCT, mean IOP, and
mean MD were collectively responsible for 28.9% of
the variance in mean CDR, with all variables con-
tributing significantly to the predictive merits of the

n Table 3. Demographic and Clinical Characteristics of
Patients With ICD-9 Glaucoma Diagnoses From an Urban,
Managed Care Ophthalmology Clinic 

Characteristic Value*

Age (years), n = 847

Mean (SD) 63.0 (11.9)

Range 4.4-94.0

No. (%) >70 years 250 (29.5)

Unknown/not reported 342 (28.7)

Diagnosis, no. (%), n = 1120

Glaucoma suspect 821 (69.5)

Ocular hypertension 220 (18.6)

Primary open-angle glaucoma 38 (3.2)

Narrow angle glaucoma 33 (2.8)

Low-tension glaucoma 4 (0.3)

Primary angle-closure glaucoma 1 (0.1)

Secondary open-angle glaucoma 1 (0.1)

Pseudoexfoliative glaucoma 1 (0.1)

Angle recession glaucoma 1 (0.1)

Uveitic glaucoma 0 (0)

Unknown/not reported 69 (5.8)

Race, no. (%), n = 813

African American 186 (15.6)

Caucasian 220 (18.5)

Latino 305 (25.7)

Asian 102 (8.6)

Unknown/not reported 376 (31.6)

Family history of glaucoma, no. (%), n = 1181

Positive history (ie, either parental or sibling) 214 (18.0)

Negative family history 967 (81.3)

Positive parental history only 159 (13.4)

Positive sibling history only 56 (4.7)

Positive both parental and sibling history 17 (1.4)

Unknown/not reported 8 (0.6)

Comorbidities, n = 1183

Cardiovascular disease 8 (0.7)

Diabetes 279 (23.5)

Systemic hypertension 461 (38.8)

Migraine 2 (0.2)

Raynaud’s syndrome 0

None 43 (36.2)

Unknown/not reported 6 (0.5)

*Percentages are based on total sample (n = 1189). 
ICD-9 indicates International Classification of Diseases; SD, standard deviation.
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model (Table 6). Among the RFs, mean CCT yield-
ed the greatest influence over the extent of optic
nerve injury. The standardized beta coefficient for
this variable indicated that increasing the mean
CCT by 1 SD (33.6 µm) was inversely associated
with a decrease in the mean vertical CDR by 0.50
SD (0.9). Compared with the prior model, age was
a less reliable predictor, accounting for 0.3% of the
variance in the mean vertical CDR.

5-Year Risk of Conversion to Glaucoma 
for OHT Patients

Medical records for 42 of the 220 (19.1%) cases
with an ICD-9 diagnosis of OHT rendered suffi-
cient data for the risk conversion analysis. The aver-
age age of this subset was 60.7 (SD 9.2) years with 9
of the 42 (21.4%) patients older than 70 years. The
mean IOP for both eyes was 21.9 (SD 3.1) mm Hg.
The mean vertical CDR, CCT, and PSD were 0.53
(SD 0.18), 551 (SD 31.9) µm, and 2.3 (SD 1.4) dB,
respectively. Compared with the 155 and 220 OHT
subjects who had available data on age and mean
IOP, respectively, the subset appeared to be similar
in age (mean age 60.7 years for subset vs 62.1 for
sample; P = .326) and mean IOP (21.9 mm Hg for
subset vs 21.0 for sample; P = .079).

Applying the risk scoring system for the OHTS
predictive model,4,8 the mean composite score for
these 42 patients was 9.7 (SD 3.2), signifying a 15%
cumulative 5-year risk for developing glaucoma.
Overall, scores ranged from 1.0 to 16.0. More than
71% of the sample harbored a 5-year risk of >15%;
for 9 (21.4%) of these patients, the cumulative
probability of conversion to glaucoma was >33%.

The Figure illustrates the distribution of patients
grouped by risk scores and the associated 5-year risk
for glaucomatous progression.

Discussion
Given that the majority of patients treated for

ICD-9 glaucoma-related diagnoses in this managed
care ophthalmology practice were either glaucoma
suspects or patients with OHT, our observations,
albeit retrospective, imply that there may be a trend
toward preventive screening for patients at risk for
glaucomatous progression. Alternatively, the higher
proportions of glaucoma suspects and patients with
OHT may have reflected outdated diagnoses arising
from the failure to update the initial recorded diag-
noses. However, the documented ocular measure-

n Table 4. Mean Ocular Measurements*

No. of Patients
With 

Parameter Measurements Value

Intraocular pressure (mm Hg), mean (SD) 1178 17.9 (4.0)

Central corneal thickness (µm), mean (SD) 227 553.0 (33.6)

Vertical cup-to-disc ratio, mean (SD) 1048 0.52 (0.18)

Pattern standard deviation (dB), mean (SD) 861 2.62 (1.8)

Mean deviation (dB), mean (SD) 863 −2.20 (3.2)

Optic disc hemorrhage either eye, 1182 4 (0.003)
no. of patients (%)

Pseudoexfoliation, no. of patients (%) 1182 0 (0)

Myopia >–3 diopters, no. of patients (%) 1182 1 (0.001)

*Values represent mean for right and left eyes.
SD indicates standard deviation.

n Table 5. Prevalence of Ocular Risk Factors for Glaucoma Progression in Sample Stratified by Demographic
and Clinical Risk Factors Demonstrating Significant Associations in Univariate Analyses

Mean IOP >21 mm Hg Vertical CDR <0.8 CCT <536 µm MD >−10 dB

Age >70 years n = 249; 48 (19.3) n = 236; 30 (12.7) n = 57; 21 (36.8) n = 172; 16 (9.3)

Age <70 years n = 596; 184 (30.9)* n = 531; 57 (10.7) n = 132; 45 (34.1) n = 453; 10 (2.2)*

Diabetes n = 278; 84 (30.2) n = 252; 14 (5.6) n = 56; 13 (23.2) n = 197; 12 (6.1)

No diabetes n = 902; (26.2) n = 789; 89 (11.3)* n = 168; 66 (39.3)* n = 666; 23 (3.5)

n represents total number of patients with available data who had demographic risk factor. Values represent number of patients with both demo-
graphic and ocular risk factors in 1 or both eyes and percentage of total n (in parentheses). 
*Phi coefficient significant at P <.05.
IOP indicates intraocular pressure; CDR, cup-to-disc ratio; CCT, central corneal thickness; MD; mean deviation. 
Ocular variables pertain to presence of risk factor in 1 or both eyes. Mean IOP represents average value of 1 or both eyes obtained from 1 to 3
examinations. 



Reports

S34 n www.ajmc.com n FEBRUARY 2008

ments (Table 4) also confirmed that, on average,
patients in this sample did not exhibit clinical evi-
dence of advanced disease. In contrast, nonocular
comorbidities were prevalent, with almost one
fourth of the cases having DM and over one third
afflicted with systemic hypertension.

Exploring the potential relationship between
nonocular and ocular RFs, we found that the results
of the preliminary univariate analyses mirrored the
findings of earlier studies demonstrating significant
positive associations between older age and MD,
PSD, CDR, IOP, and CCT.3,4,8,13,24,25 Coexistent
DM, which has been associated with an increased
risk of POAG with some equivocality,26-28 was
weakly but inversely and significantly associated
with thinner central corneas (<536 µm) and higher
vertical CDR (>0.8). In other terms, patients with
DM in this sample tended to have thicker central
corneas and lower vertical CDR. Regarding the
relationship between DM and CCT, the Barbados
Eye studies observed thicker corneas among partici-
pants who had a history of DM.24 More recently,
Özcura and Aydin (2007) surmised that the risk of
POAG in diabetic patients is equal to or less than
normal individuals because patients in the former
group tend to have thicker corneas and, thus, high-

er IOPs than the latter, which may lead to a false
diagnosis of glaucoma.28 The cross-tabulation analy-
sis in our study also appeared to support this postu-
lation. Compared with patients without DM, a
significantly lower percentage of patients with DM
had central corneal measurements <536 µm, but a
greater percentage had IOPs >21 mm Hg (Table 5).

Quantifying the relative contribution of nonocu-
lar and ocular RFs in predicting MD and CDR in this
sample was compromised by the large percentages of
missing data, particularly for the measurements of
CCT; only approximately 19% of the total sample
had recorded measurements for this RF. Using the
EM algorithm to replace missing data, the multivari-
ate regression analyses identified age, mean CCT,
and mean vertical CDR as significant predictors of
MD. These explanatory RFs collectively accounted
for only 11.2% of the variance in MD; however, this
low predictive power was not unexpected given the
fact that, by definition of diagnosis, visual field
defects would not be prevalent among glaucoma sus-
pects, who comprised the majority of the sample. 

In Model 2, 4 of the 5 RFs (specifically age,
mean CCT, mean IOP, and mean MD) were signif-
icant predictors of the extent of optic disc injury.
The strongest predictor was CCT, accounting for

n Table 6. Results of Multiple Regression Analyses: Nonocular and Ocular Risk Factors in Predicting Visual Field
Loss and Optic Disc Cupping*

Model 1

Predictor β SE 95% CI Standardized Beta t P

Constant 14.563 3.179 8.327 to 20.800 4.582 <.001

Age (years) −0.094 0.008 −0.109 to −0.078 −0.340 −11.971 <.001

Mean CCT (µm) −0.018 0.005 −0.028 to −0.008 −0.117 −3.511 <.001

Mean vertical CDR −1.544 0.539 −2.601 to −0.487 −0.092 −2.865 .004

Model 2

Constant 3.279 0.144 2.997 to 3.561 22.818 <.001

Mean CCT (µm) −0.005 0.000 −0.005 to −0.004 −0.504 −18.525 <.001

Mean IOP (mm Hg) 0.004 0.001 0.007 to 0.002 0.103 3.870 <.001

Age (years) 0.001 0.000 0.002 to 0.001 0.083 3.105 .002

Mean MD (dB) −0.004 0.002 −0.007 to -0.001 −0.070 −2.675 .008

*Analyses based on n = 1183.
β indicates unstandardized beta coefficient; SE, standard error; CI, confidence interval; CCT, central corneal thickness; CDR, cup-to-disc ratio; IOP,
intraocular pressure; MD, mean deviation. 
Outcomes (dependent variables): Model 1: mean MD (dB); Model 2: mean vertical CDR.
Explanatory variables (predictors) tested: Model 1: Age (years), diabetes (yes/no), mean IOP (mm Hg), mean CCT (µm), mean vertical CDR; 
Model 2: age (years), diabetes (yes/no), mean IOP (mm Hg), mean CCT (µm), mean MD (dB).
P value significant at <.05. 
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approximately 50% of the variance in vertical
CDR. As in the prior regression analysis, the
absence or presence of DM did not contribute sig-
nificantly to the model’s predictive value.

Based on the OHTS risk scoring system, the
final RF analysis showed that, on average, the
patients with OHT in our sample had a 15% cumu-
lative 5-year risk for glaucomatous progression. This
risk estimate was higher than the 11.6% cumulative
5-year risk reported for the Diagnostic Innovations
in Glaucoma Study (DIGS) cohort in Medeiros et
al.8 In this pilot study, the risk scoring system was
derived from the pooled hazard ratios for both
untreated and treated patients from the OHTS and
validated longitudinally in untreated patients from
the DIGS. For the present study, we used the updat-
ed OHTS predictive model, which relied on the
pooled data for untreated cohorts from the OHTS
and the EGPS.4 We did not collect information on
treatment history, which represents a significant
limitation of this analysis. It might be noted, how-
ever, that the OHTS failed to identify any apprecia-
ble differences between the predictive factors for
treated and untreated patients.4,8,29

Other limitations of our present study include its
retrospective approach, the lack of treatment-related
data, and our inability to confirm clinical diagnoses
and ocular measurements by direct testing.
Additionally, we did not collect information on the
methods for obtaining ocular measurements or lon-
gitudinal data; thus, the variables represented report-
ed point-in-time assessments. Lastly, it is difficult to
determine the extent to which the small subset of
OHT cases represented the total sample of subjects
diagnosed with OHT in this study. When compared
with the total sample of subjects diagnosed with OHT
in this study, however, the subset did not appear to
differ significantly in mean age and mean IOP.

Notwithstanding these limitations, this study
provides further insight into the prevalence and
nature of glaucomatous RFs in an urban managed
care population. The retrospective review of medical
records revealed that known demographic, clinical,
and ocular RFs for glaucomatous progression were
present in up to approximately one third of patients
treated for ICD-9 glaucoma-related diagnoses.
Although the results of the statistical analyses con-
firmed the predictive value of these RFs, it is evident
that existing models for determining the risk of glau-
comatous progression may not account for several

important RFs. Three of the 5 most prevalent RFs in
this sample, namely systemic hypertension, positive
family history, and Latino ancestry, were not includ-
ed in the OHTS risk scoring system. These RFs did
not enhance the explanatory power of the OHTS
model; however, ascertainment of these factors was
based on patient history without confirmation of
chart review or direct testing.4 Additionally, a
number of RFs described as predictive in other
studies, such as exfoliation syndrome and pigment
dispersion,25,30-32 were not evaluated in the OHTS
model because of the small numbers of affected
patients. The percentages of missing data in our
analyses suggested that current predictive models
might also rely on certain ocular indices, such as
PSD or CCT, which may not be routinely or practi-
cally measured in clinical practice. 

Finally, but foremost, for a risk scoring system to
be clinically useful, clinicians must be educated on
interpreting the results and offered guidance on
how to use the information optimally in making
treatment decisions. For example, using various
methods, several studies evaluating the long-term
outcomes of treated and untreated patients have
generated data suggesting a clinically relevant
threshold value (ie, the risk above which the
expected benefits of treatment outweigh the possi-
ble risks) for the risk of conversion from OHT to
glaucoma and/or to blindness or disability.2,3,33-36

Although one study estimated that between 12 and
83 patients with OHT will require treatment to pre-
vent 1 patient from progressing to unilateral blind-
ness over a 15-year period,33 this information may
be less useful for the practitioner who must prospec-
tively render decisions for the individual patient on
a daily basis. Thus, future studies should aim to
develop predictive models incorporating these con-
siderations and tailor existing models for greater

n Figure. Distribution of Ocular Hypertensive Patients 
(N = 42) by 5-year Cumulative Risk of Glaucomatous
Progression as Calculated Using the OHTS Predictive Model
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OHTS indicates Ocular Hypertension Treatment Study.
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ease and practicality of use and interpretation in the
clinical setting.
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