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SUMMARY An attempt was made to study the associations between age, intraocular pressure, and
systolic blood pressure. The eyes of 90 non-glaucomatous, ocular normotensive patients and of 142
ocular hypertensive patients were examined. A third group was formed from these two by
stratification, to mirror the intraocular pressure distribution in the general population. In all three
groups systolic blood pressure was positively correlated with age. In the stratified group a 'chain'
model was consistent with the data. Intraocular pressure was significantly negatively correlated
with systolic blood pressure; any apparent association between intraocular pressure and age was
fully accounted for through the correlation between systolic blood pressure and age.

The relationship between intraocular pressure, age,
and various cardiovascular risk variables is not fully
understood. The most significantly correlated triad
appears to be intraocular pressure, age, and blood
pressure, but the associations between these three
variables have been inconsistently reported.

Several univariate studies seem to indicate signifi-
cant positive correlations between intraocular pres-
sure (IOP) and age, and IOP and blood pressure
(BP).'-' Klein and Klein' refer to the possible inter-
ference of age as it affects the association they
observe between IOP and BP.

Leske and Podgor4 examined 2315 eyes and carried
out a stepwise regression of IOP on a large carrier set,
including age, sex, height, systolic and diastolic BP,
diabetes, ventricular rate, and vertical and horizontal
cup/disc ratio. They found a positive correlation of
IOP with systolic BP (R2=3%); with other, less
significant variables added to the regression, the final
R2 reached 5-8%. Age was found not to be significant
once systolic BP had entered the regression. They
also made the interesting observation that IOP and
systolic BP seemed to be correlated only in eyes with
glaucomatous visual defects; moreover, the ratio of
systolic BP to IOP was significantly lower in eyes
which had such defects. They suggested that the non-
significance of age may be attributable to the hypo-
Correspondcncc to Dr Michacl Schulzer. Dcpartmcnt of Statistics,
University of British Columbia. 2075 Weshrook Mall. Vancouvcr,
BC. Canada V6T I W5.

thesis that, after controlling for BP, the age effect on
1OP may be present only in younger persons. They
further raised the possibility that raised systemic
pressure may precede raised IOP in a given patient,
but did not test this with their cross-sectional data.

Shiose et al.5" examined 127842 eyes. Univariate
regressions indicated a negative correlation of IOP
with age, a positive correlation with body weight, and
a positive correlation with BP. They performed a
stepwise regression of IOP on a carrier set containing
BP, age, weight, calcium, packed cell volume,
haemoglobin, glucose tolerance, alkaline phospha-
tase, and other variables, and obtained a regression
with positive coefficients on weight and BP and a
negative coefficient on age, yielding R2=4-8%. They
attempted to explain the negative correlation with
age by suggesting that the Japanese population tends
to be less hypertensive and less obese with age than
Caucasian populations, which report a positive age
correlation. This explanation may not, however, be
sufficient, since the partial regression coefficients in a
multiple regression equation are adjusted for the
presence of the other covariates in the equation. In a
recent study by Daoping Lu et al.7 on 155 eyes
followed for a five-year period, a significant positive
correlation between systolic BP and IOP (R2-
15.7%) was found only in progressing cases of
glaucoma.
The present study was undertaken with the aim

of combining the use of regression and of path
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Fig. I Hypotheticalschematic
modelsfor the age/BPIIOP
relationships. A: BP/IOP
independence. B: Allpairs
correlated. C: Agel/OP
conditionally independent, given
BP.
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analysis;" in order to elucidate the associations
among the three variables, TOP, BP, and age. Three
models were examined (Fig. 1). Model A allowed for
independent age effects on both BP and IOP, model
B considered pairwise interactions for all pairs of
variables (age and BP, age and IOP, BP and IOP),
and model C, a chain model, allowed only for age
effect on BP and for a direct BP effect on IOP. It may
be recalled that the chain model was recognised by
Galton'2 in the 19th century, when he pointed out
that, if the sole 'cause' of correlation between the
traits i and j was a third trait g, then the relationship

rj-,=rig rj,

must hold between the pairwise correlation coeffici-
ents. This was later validated by Spearman'34 in his
characterisation of 'general intelligence', and it was
ultimately seen to be equivalent to a zero partial
correlation coefficient.

Materials and methods

The sample consisted of 90 normal patients and 142
patients with ocular hypertension. These patients
were fully described in our previous work" 16 on the
use of discriminant analysis in predicting glauco-
matous visual field damage. The normal sample was
selected to be in the same age group as our regular
run of glaucoma patients, and our approach was to
encourage the spouses of glaucoma patients to volun-
teer for the normal study. Normal patients had a full
ocular examination including ophthalmodyna-
mometry, gonioscopy, stereoexamination of the
optic nerve heads; systemic blood pressures were
measured and a full history taken. A neurovascular
examination was carried out, excluding invasive
procedures unless these were clinically indicated
from a neurological standpoint. X-rays of the sella

and optic foramina excluded those patients with
obvious space occupying lesions. Laboratory tests
included electrocardiography, 2-hour post-cibum
blood glucose, blood urea nitrogen, uric acid concen-
trations, ESR, haemoglobin level, serum cholesterol
and triglycerides, and a T4 test for thyroid function.
The visual field had to be normal when examined by
Armaly's selective perimetry'7 method as modified by
us'8 on the Goldmann perimeter. Intraocular pres-
sures checked on at least two occasions had to be
below 21 mmHg.
The ocular hypertensive group consisted of con-

secutive patients with repeated applanation pres-
sures above 21 mmHg in at least one eye, having
normal visual fields, examined in the same way,
and with normal optic nerve heads on stereo-
ophthalmoscopy.
The associations among the three variables, age,

BP, and IOP, were examined within the normal and
the ocular hypertensive groups. In addition a strati-
fied group was formed from these two to represent a
general non-glaucomatous population (93% normal
pressures, 7% ocular hypertensives), by adding a
random selection of seven patients from the ocular
hypertensive group to the 90 normal persons. The
relationships between the variables were explored
separately in the stratified group.

In an attempt to investigate these relations
univariate regressions were first calculated between
each pair of variables. In addition, multiple regres-
sions of IOP on age and BP were calculated. Follow-
ing the techniques of simultaneous regressions and
path analysis;" an attempt was made to fit the most
appropriate conceptual model to each group. The
models (Fig. 1) correspond to different sets of
regression equations. Model A is represented by two
simultaneous univariate equations: BP on age and
IOP on age. Model B, a recursive model, is repre-

Table 1 Data summary: means andstandard deviationsfor the three groups

Age (years) Systolic BP Mean BP lOP Max lOP
(mean of (max of
2 eyes) 2 eyes)

Normalsn=90 63-6±12 3 142 0±26-4 101 9±15 8 15 4±2 7 16(0±2+9
Ocular hypertensives n= 142 59-8±10-3 140-7±26-2 102 9±14 5 26-2±3 9 27 4±4 6
Stratified n=97 63 7±12-0 141 1±25 9 101 9±15 4 161+±3-8 16 7±3-9
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Table 2 Joint distribution oflow versus high lOP and
systolic BP* with age in the stratified group

Low lOP, Low lOP, High lOP, High lOP, Totals
low BP high BP low BP high BP

Agc 54 and 4 2 8 3 17
younger 0-3t -1-7 2-3 -0.8

55-64 8 7 9 8 32
0-7 1.1 05- -0-1

65 and older 8 19 7 14 48
-1.0 2-3 -2-3 0-8

Totals 20 28 24 25 97

*Low lOP: less than 155- mmHg. Low BP: less than 140 mmHg.
p=0-08. tAdjusted residual.

sented by a univariate and a bivariate regression,
solved simultaneously: BP on age, and IOP on age
and BP. Model C corresponds to two simultaneous
univariate equations: a regression of BP on age and
of IOP on BP.

Results

In the sequel, TOP denotes the mean of two eyes, and
max IOP denotes the maximum of two eyes.
Table 1 summarises the raw data for each group.

Table 2 shows the joint distribution in the stratified
group ofIOP and systolic BP (both dichotomised into
'above' versus 'below' group medians) across age
levels. Table 2 also indicates that no statistical
correlation with age could be found in the data with
regard to the order of occurrence of raised systolic BP

and of raised 1OP. Indeed the adjusted residuals'9
suggest a non-significant trend to early occurrence of
raised IOP and a later occurrence of BP elevation.
Analogous results were obtained in the two consti-
tuent groups of patients.

Figs. 2-4 display the raw data for the stratified
group by means of scatter plots of IOP against age,
systolic BP against age, and IOP against systolic BP.
The results of the univariate analyses are sum-

marised in Table 3. A highly significant positive
correlation was observed between systolic BP and
age in all three groups, of the order of 034 to 044.
The diastolic pressure did not correlate with age nor
with IOP. Numerically larger correlations were
therefore observed between max IOP and systolic BP
than between max IOP and mean BP.
While most correlations failed to reach signifi-

cance, the max IOP-systolic BP correlation coeffici-
ents in the normal (r=-0- 157) and OH (r= +0- 143)
groups were statistically significantly different
(p=002). In the normal group age accounted for
R2=2-4% of the variation in max IOP. Again in the
normal group systolic BP acounted for R2=2.5% of
the variation in max IOP.

In the stratified group, which had been formed to
reflect the general population, the random mixing
had resulted in a significant negative correlation
between max IOP and systolic BP, accounting for
slightly more than 4% of the variation in max IOP.

Multiple regressions of IOP and of max IOP on
systolic BP and age were computed for each group.
Table 4 summarises the results in terms of partial

240r40r

361-
2101-

32 F

>, 28
0

6 24
0
C
o 20
E
cL 16
0

IF
0

0 0
0

0 0

180 F
0

IF.

1-

121_

8

0
0 0

0
0

* 0
* 0

* @000 @0
* 0 0 00 00
* 0 0 0

* 00* 0 0* @0 00 0 0* *- 0 0 @00

* @-
* -@0 0 00

* @0*00
00 0

0

I I I a a a , I I I

30 40 50 60 70 80
Age

Fig. 2 lOP on age. Data scatterplot, stratified group.

90

C-

0

(/)

1501-

1201-
0

90 L

0

@ 0
0 0

* 0 0 0

@0 0 *@00 0
0

*0 0 0

* *@0000 00* @0000 0
0 0@0... 0000 @00 0

0
* 0 0* *... 000

0
* 00 0 0
0

0 0 0

0

0

I a I I el I I* . .

30 40 50 60 70 80 90
Age

Fig. 3 Systolic BPon age. Data scatterplot, stratified
group.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.71.4.245 on 1 A

pril 1987. D
ow

nloaded from
 

http://bjo.bmj.com/


Michael Schulzerand Stephen M Drance

Table 3 Paired correlation coefficients

Age lop Max lOP

Age
Normals -0-169(p=0-11) -0- 156 (p=0- 12)
OH -0-035 (p=0-67) -0-002(p=0-98)
Stratified -0-104(p=0-31) -0-091 (p=0-37)
Systolic BP
Normals 0-446 (p=0-0000) -0-120(p=0-26) -0-157 (p=0- 12)
OH 0-345 (p=0-0000) 0-102 (p=0-22) 0-143 (p=0-09)
Stratified 0-441 (p=0-0000) -0-184 (p=0-06) -0-206 (p=0-04)

OH=ocular hypertensives.

Table 4 Partial correlation coefficients

Dependent variable lOP Max lOP

Normals Systolic BP -0-055 (p=0.64) -0-110 (p=0-35)
Age -0-144 (p=022) -0-106 (p=037)

OH Systolic BP 0-164 (p=006) 0-163 (p=0-06)
Age -0-048 (p=0-59) -0-058 (p=0-52)

Stratified Systolic BP -0-172 (p=O* 13) -0-206 (p=0-06)
Age -0-028 (p=080) -00004 (p=099)

correlation coefficients. Max IOP showed a nearly
significant (p=0.06) negative partial correlation with
systolic BP in the stratified group and a non-
significant partial correlation with age.
Analogous regression analyses were performed on

younger persons only (60 years or less) in each of the
groups. Results were much the same as reported
above.
There was no indication that any of the three

40r
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models (Fig. 1) provided an adequate description of
the observations in the normal group, where the only
correlation observed was between age and systolic
BP. Model B could be considered to be descriptive of
the ocular hypertensive group, if the level p=0-06
was taken as significant. In the stratified group,
representing the general population, there was
strong indication that model C, the chain model, was
adequate. Path analysis suggested a direct negative
correlation of the order of -0-20 to -0*24 between
TOP and systolic BP, and no direct correlation
between IOP and age. Any apparent correlation in
this direction was likely to be almost entirely due to
the strong positive correlation between age and
systolic BP. Indeed, if one lets i, j, and g in Galton's
model above represent, respectively, age, max IOP,
and systolic BP, one obtains from Table 3, for the
stratified group, that

rj =-0-091, rig=0441, rjg =-0-206,

so that

rigxrjg --0-091 =rij,

with similar results for the mean IOP (mean of two
eyes).
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Out data did not show on a cross-sectional basis that a
raised systolic BP occurs at an earlier age than a
raised IOP. Regression analyses on younger patients
failed to confirm the postulated hypothesis that, after
adjusting for BP, the age effect on IOP may be more
apparent in younger people.
The results reported here may help to explain the

inconsistencies found in the literature correlating
IOP, BP, and age. Our analyses suggested different
correlations in the normal group and in the ocular
hypertensive group. When a random mixture of the
two groups was formed in the proportions 93%
normal pressures and 7% ocular hypertensives, to
reflect the composition of the general population, a
distinct pattern of correlations was observed. While
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small sample sizes frequently led to only marginal
statistical significance or non-significance, the rela-
tive sizes and signs of the coefficients formed a
consistent pattern across the data. Moreover, abso-
lute magnitudes were in close agreement with those
given in the cited literature.

This work was aided by a grant from the Medical Research Council
(68-1578).
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