


Some blood plasma constituents correlate with human cataract
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It is probable that patients who develop
cataracts at early ages may experience a differ-
ent pattern of cataract aetiology. The following
analysis is therefore restricted to patients older
than 49. Thus our data set consisted of 977
matched pairs. Of these patient-control pairs,
348 were male and 629 were female.
The plasma constituent data are missing for

some individuals and thus are missing for the
corresponding patient-control pairs. Insuf-
ficient specimens of plasma explain the deficits
below 977 in Table 1; these deficits are larger
in the multivariate analysis because the method
of model selection demanded values for all of
the constituents considered in all patients and
controls.

Methods
Nearly 2000 individuals form the basis for this
report, comprising 977 patients on the waiting
list for cataract operations at the Princess
Alexandra Eye Pavilion, Royal Infirmary
Edinburgh, and 977 controls. Briefly, an indi-
vidual without cataract of the same sex and the
same half decade of age as the patient was
obtained from the list of the patient's general
practitioner, thus ensuring that the patient and
the control (who were unrelated either by con-
sanguinity or marriage) resided in the same

area ofthe city. Only one eye from each patient
and control was included. In patients, the pupil
of the eye to be operated was dilated with 1%
tropicamide and the cataract assessed with a
direct ophthalmoscope and a portable hand
held slit-lamp microscope. The visual acuity of
the patients' eyes was poor. To ensure the
absence of significant cataract, controls had to
have a visual acuity no worse than 6/9 with
correction in both eyes, neither operated; also
there had to be no evidence of clinically signifi-
cant cataract in the eye with the pupil dilated
or its fellow.

Attempts were made initially to contact
1307 cataract patients and 2414 potential
controls which suggests, not surprisingly, that
patients were more willing to accept the invita-
tion to join than were controls. One factor is
that several other epidemiological studies had
been or were being conducted in the
Edinburgh area at this time, so that some
patients and controls were unwilling to agree to
yet another intrusion; only one practice in the
whole area declined to participate, with that as
the reason. One hundred and eighty eight
potential controls were excluded because they
had significant cataract. A higher proportion of
excluded cataract patients (86/307) were ill or
in hospital than excluded controls (52/1414),
but the death rates were the reverse (5/307 and
31/1414, respectively). Among non-partici-
pants no reason could be ascertained in 141
patients and 918 potential controls because a
relative or friend transmitted the refusal, or
the non-participant merely left a telephone
message. However, we have no reason to
suspect that these imbalances have con-
founded our results.

Fasting blood samples were obtained by
venepuncture from both patients and controls
at an early morning domiciliary visit. All partic-
ipants had been asked to ingest only water after
the midnight before the appointed morning.
No participants admitted non-compliance with
the requirement. The analysis of plasma
samples was undertaken in the Department

Table 1 Means, standard deviations, and univariate hypothesis testing results for 18 plasma constituents and the albuminl(total protein-albumin) ratio
in patients and controls, including the estimated odds ratio (OR) and its corresponding 95% confidence interval (CI). n Denotes the number ofpatient-
control pairs with complete data for each plasma constituent.

Patients Controls
For an

Normal range n Mean SD Mean SD p Value OR (95% OR CI) increase of

Alanine aminotransferase 10-40 units/i 878 21-8 13-7 21-1 9-6 0-19 1-06 (0.97, 1-15) 10 units/i
Albumin 36-47 g/l 928 43-5 2-9 43-3 2-6 0 04 1-04 (1 00, 1-07) 1 g/l
Albumin/(total protein-albumin) * 925 1-51 0-24 1-54 0-23 0-01 0 95 (0-91, 0.99) 0.1
Alkaline phosphatase 40-100 units/I 919 103-0 58-8 93-9 36-1 <<0-01 1-27 (1-12, 1-43) 50 units/i
Bilirubin 2-17 ,tmol/l 925 10-23 4-22 9-62 3-73 <<0-01 1-04 (1-02, 1-06) 1 p.mol/l
Calcium 2-12-2-62 mmol/l 928 2-38 0 10 2-37 0-10 0 05 1-10 (1 00, 1-20) 0 1 mmol/l
Carbon dioxide, total 24-30 mmol/l 927 26-0 2-9 26-0 2-7 0.99 1.00 (0-97, 1-03) 1 mmol/l
Cholesterol 3-6-6-7 mmol/l 872 6-42 1-34 6-55 1-30 0-02 0-91 (0-84, 0-99) 1 mmol/l
Cortisol 160-565nmolIt 858 416 153 380 129 <<0-01 1-21 (1-13,1-30) 100nmool/
Creatinine 55-150 ji.mol/l 918 94.3 23-4 92-7 23-3 0-12 1-03 (0 99, 1-0) 10 ,umol/l
Glucose (fasting) 3-6-5 8 mmol/l 920 5-64 2-26 5-23 1-39 <<0 01 1-13 (1-07, 1-20) 1 mmolll
y glutamyl transpeptidase 861 29-8 40-9 24-8 26-5 <0-01 1-26 (1-08, 1-49) 50 units/i
Male 10-55 units/I
Female 5-35 units/i

Phosphate 0-8-1-4 mmol/ 841 1-03 0-16 1-02 0-15 0-17 1-05 (0-98, 1-12) 0 1 mmol/i
Potassium 3-3-4-7 mmol/ 859 4-23 0 45 4-22 0 45 0-67 1-05 (0-85, 1-29) 1 mmol/i
Protein, total 60-80 gil 925 73-0 4-6 72-0 4-2 <<0-01 1-06 (1-03, 1-08) 1 g/l
Sodium 132-146 mmol/l 929 140 2-6 139 2-6 0-03 1-04 (1-00,1-08) 1 mmol/l
Triglycerides 0-6-1-7 mmol/l 872 1-57 0-82 1-53 0-84 0-26 1-07 (0-95, 1-20) 1 mmol/i
Urate 896 0-333 0-085 0-329 0-086 0-26 1-07 (0-96, 119) 0 1 mmol/i
Male 0-12-0-42 mmol/l
Female 0-12-0-36 mmol/i

Urea 2-5-6-6 mmol/l 929 6-30 2-21 6-18 2-03 0-21 1-03 (0-98, 1-08) 1 mmol/l

*There is no information on the normal range of albumin/(total protein-albumin) ratio. tNormal range at 0800 hours.
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Figure 1 Age distribution
for matched patient-control
pairs.
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Table 2 Means and standard deviations of the albumin!(total protein-albumin) ratio
and triglycerides by sex and ofplasma glucose and triglycerides by age group in patients and
controls. Significant results are reportedfor the tests of the hypotheses of no effect ofsex or
age stratum on the difference in plasma constituents, including the estimated odds ratio
(OR) and its corresponding 95% confidence intermal (CI)

Patients Controls

Mean SD Mean SD OR (95% OR CI) p Value

Albumin/(total protein-albumin) 0-02*
Males 1-48 0-24 1-55 0-23 0-89 (0 83, 095)
Females 1-52 0-24 1-53 0-23 0-98 (0 93, 1.03)

Triglycerides 0-03t
Males 1-49 0-87 1-56 0 97 0 91 (0 77, 109)
Females 1-62 0-80 1-51 0 75 1-21 (1-04, 192)

Glucose (fasting) 0.01*
<70 Years 5-80 2-44 5 09 0-81 1.34 (1-14, 1-58)
270 Years 5 59 2-19 5-28 1-54 1 09 (1-03, 1-16)

Triglycerides 0 05t
<70 Years 1-64 0-80 1-74 1-08 0-89 (0 73, 1 09)
>70 Years 1-55 0-83 1-45 0-71 1-18 (1-02, 136)

*Is a 1 df test; fis a 2 df test.

of Clinical Chemistry, Royal Infirmary
Edinburgh, using a Technicon SMAC analyser
for the majority of tests. Plasma glucose was

measured by a glucose oxidase method, and
plasma cortisol was measured by radio-
immunoassay. Normal ranges are given in
Table 1.

All participants were asked to report by
name all drugs ever taken regularly for a mini-
mum continuous period of 4 months, includ-
ing antidiabetic medication and all steroids
(topical and systemic), and to show the avail-
able containers. All drugs reported were veri-
fied by the general practitioner. A diagnosis of
diabetes elicited from the participant and/or
the medication was verified by the general
practitioner; the rate of subclinical diabetes is
probably very low in this community.

Separate logistic regression models were

used to assess the independent associations
with cataract of each plasma constituent, the
albumin/(total protein-albumin) ratio, dia-
betic status, and steroid use. Odds ratio
estimates were calculated based on the logistic
regression models. In order to determine the
relative importance of multiple risk factors
multivariate analyses were performed. A step
up logistic regression analysis was conducted
on the data, incorporating sequentially the next
most significant effect until none of the remain-
ing effects increased the overall significance of
the multivariate model. In order to perform this
method ofmodel selection, it is necessary for all
patient-control pairs analysed to have complete
data for the variables under consideration.

Table 3 The multivaniate logistic regression model
(n= 724) obtained allowing effects of 10 plasma
constituents, the albumin/(total protein-albumin) ratio,
diabetes, and steroid use. Significant variables are listed
with the p valuefor the nuUl hypothesis ofno effect ofeach
variable, the estimated odds ratio (OR), and its
corresponding 95% confidence interval (CI)

For an
p Value OR (95% OR CI) increase of

Alkaline
phosphatase 0 01 1-04 (1-01, 1-07) 10 units/l

Bilirubin <<0-01 1-05 (1-02, 1-08) 1 p.mol/l
Cortisol <<0 01 1 19 (1-09,1-30) 100 nmolll
Protein, total <<0 01 1-05 (1-02,1-07) 1 g/l
Diabetic <<0-01 2 90 (1-72, 4 88)
Steroids <<0-01 2-53 (1-52, 4-22)

No other variables were significant in the multivariate analysis.

Results

UNIVARIATE ANALYSES
The cataract group showed significantly higher
values of albumin, alkaline phosphatase, bili-
rubin, calcium, cortisol, glucose, -y glutamyl
transpeptidase, total protein, and sodium but
significantly lower levels of cholesterol and the
albumin/(total protein-albumin) ratio (Table
1).

Effects of sex and age
We have tested the hypothesis that the dif-
ferences in plasma constituents between
patients and controls do not depend on sex, by
allowing the effect of each plasma constituent
to differ for males and females. Only dif-
ferences in the albumin/(total protein-
albumin) ratios and triglyceride levels
depended significantly on sex (Table 2). Our
earlier data7 suggested that the differences in
plasma constituents between patients and
controls may depend on age. We have tested
for this possibility by allowing the effect ofeach
plasma constituent to differ for the two age
strata: less than 70 years and 70 or more years.
Only plasma glucose and triglycerides were
found to have significantly different odds ratios
for the age strata (Table 2). No other dif-
ferences in plasma constituent levels depended
significantly on sex or age stratum.
Another way of examining the effect of age

on the differences in plasma constituents is to
regress the plasma constituent differences
(patient minus control) on the age (in years) of
the patient. The only significant effects of all
the regressions of the differences between
patients and controls were for alkaline phos-
phatase (p=0.02), fasting glucose (p=0 03),
and triglycerides (p=0 02). The results indi-
cate that there is a steadily decreasing differ-
ence in glucose, by 0-022 mmol/ (SE=0-010)
for each additional year of age; that after the
age of 59 years, there is a steadily increasing
difference in alkaline phosphatase, by 0-59
units/I (SE=0-26) for each additional year of
age; and that there is a steadily increasing
difference in triglycerides, by 0-011 mmol/l
(SE=0.005) for each additional year of age
from an estimated difference of -0-23 mmol/l
at age 50, to 0 mmol/l at age 70, and 0-22
mmol/l at age 90.

Analysis of subset with complete data
There were 724 patient-control pairs with
complete data for the variables found to be
significant in the univariate analyses (Table 1)
as well as diabetic status and steroid use. No
identifiable differences were found between
the individuals with complete data and those
omitted from this analysis.

Effects of diabetes and steroid use
For the complete data (n=724), diabetic status
analysed univariately was highly significant
(p<<0-01) with an odds ratio of 3-25 and a
95%/O confidence interval of 197 to 5-37. The
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Table 4 The multivariate logistic regression model
(n= 637) for non-diabetics obtained alowing effects of 10
plasma constituents, the albumin!(total protein-albumin)
ratio, and steroid use. Significant variables are listed with
the p value for the null hypothesis ofno effect of each
variable, the estimated odds ratio (OR), and its
corresponding 95% confidence interval (CI)

For an
p Value OR (95% OR CI) increase of

Alkaline
phosphatase 0-02 1-03 (1.01, 1-06) 10 units/I

Bilirubin 0-01 1-04 (1.01, 1.07) 1 imol/l
Cholesterol 0-05 0 90 (0-82, 1.00) 1 mmol/l
Cortisol <<0 01 1-20 (1.10,1-31) lOO nmolI
Protein, total <<0.01 1-06 (1-03,1.09) 1 g/l
Steroids <<0 01 2-70 (1-58,4-61)

No other variables were significant in the multivariate analysis.

odds ratio did not depend significantly on sex
or age stratum. The regression of differences in
diabetic status on age of the patient was not
significant.
For the complete data (n=724), steroid use

analysed univariately was highly significant
(p<<«001) with an odds ratio of 2-21 and a
95% confidence interval of 1-36 to 3-58. The
odds ratio for steroid use did not vary signifi-
cantly for sex or age strata. The regression of
differences in steroid use on age of the patient
was not significant.

MULTIVARIATE ANALYSES
Table 3 presents the multivariate model
obtained with a step up selection procedure
incorporating the variables found to be signifi-
cant in the univariate analyses.

Analysis of non-diabetics
Of the 724 matched patient-control pairs, 637
were pairs of non-diabetics (224 male and 413
female). Table 4 presents the multivariate
model obtained for the non-diabetic pairs
using a step up selection procedure incorporat-
ing the variables found to be significant in the
univariate analyses. We found no significant
association for glucose when the data were
analysed univariately (p=0 59), and plasma
glucose was not selected for inclusion in the
multivariate model for non-diabetics.

Analysis of non-steroid users
Of the 724 matched patient-control pairs, 645
were pairs of non-steroid users (234 male and
411 female). Among non-steroid users there
remained a significant association between

Table S The multivariate logistic regression model (n= 645) for non-steroid users obtained
allowing effects of 10 plasma constiuents, the albumin/(totalprotein-albumin) ratio, and
diabetes. Significant variables are listed with the p value for the null hypothesis ofno effect
ofeach variable, the estimated odds ratio (OR), and its corresponding 95% confidence
interval (CI)

p Value OR (95% OR CI) For an increase of

Alkaline phosphatase 0 01 1-04 (1 01, 1-07) 10 units/l
Bilirubin <<0-01 1-05 (1-02,1-08) 1 ,umol/l
Cortisol <<0-01 1-23 (1-11, 1-34) 100 nmol/
Glucose (fasting) <70 years 0-04 1-29 (1-01, 1-63) 1 mmol/l
Glucose (fasting) ¢70 years 0-86 0 99 (0 91, 1-08) 1 mmolA
Protein, total <<0 01 1-05 (1-02, 1-08) 1 g/l
Diabetic 0 01 2-36 (1-20, 4-63)

No other variables were significant in the multivariate analysis.

cataract and cortisol, with an odds ratio of 1 28
for an increase of 100 nmol/l of cortisol
(p<<0 O1). Table 5 presents the multivariate
model obtained for the non-steroid users using
a step up selection procedure incorporating the
variables found to be significant in the univari-
ate analyses.

Discussion and conclusions

SPECIFIC
The present study was very stringently
case-controlled and used large numbers of
patient-control pairs, so that we are confident
of our findings. Many of the present results
corroborate our earlier observations on a dif-
ferent group of patients from a population in
the same geographic area.

It is important to note a very highly signifi-
cant rise in three plasma constituents: alkaline
phosphatase, bilirubin, and y glutamyl
transpeptidase (Table 1). The combination of
these findings, together with the lack of a
significant increase in alanine aminotrans-
ferase, would be consistent with an association
between mild intrahepatic cholestasis and
cataract. Whether this reflects the presence of
subclinical liver dysfunction or the cholestatic
effects of therapeutic drugs in the patient
group cannot be determined from the present
data. This is consistent with our previous
findings of significantly raised bilirubin
levels.67 However, alkaline phosphatase was
not significantly raised in the cataract patients
previously.7

Therapeutic steroid taking was more
common in the cataract group than in the
controls (Tables 3 and 4). Patients showed a
higher level of endogenous basal plasma
cortisol levels than the controls, irrespective of
steroid use and diabetic status (Tables 1, 3, 4,
and 5), indicating that the significance of
cortisol is not explained by steroid use or
diabetes. Raised circulatory glucocorticoid
levels probably have a directly deleterious
effect on lens metabolism, but the slight rise in
basal plasma steroid may also act indirectly -
for example, by an association with raised
blood pressure, a known risk factor.1 4 10

Cholesterol levels were significantly lower in
the cataract group than in the controls, con-
sistent with our previous study,4-7 possibly due
to diet or an abnormality in liver function. The
lower cholesterol might imply a defect in
metabolism of cell membrane important in
cataractogenesis. Consistently, in a previous
study5 comeal arcus, which is associated with
hypercholesterolaemia and coronary artery
disease,18 was commoner and more marked in
the control group than in the cataract group.
Triglyceride levels were not significantly differ-
ent, either in the present or in the previous
study.4 5

In contrast with previous findings,1 5-7 fast-
ing glucose levels did not differ significantly
between the two groups in a multivariate
model controlling for diabetes (Table 3) or
when known diabetics were excluded (Table
4). A borderline significant increase in glucose
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levels among patients was, however, observed
in non-steroid users less than 70 years of age
(Table 5). Because of the multiplicity of sig-
nificance tests performed, that result may be a
chance finding, but it is consistent with an
earlier studyl7 which found no increased risk of
cataract for diabetics compared with non-dia-
betics after the age of 65 years.
Sodium levels were significantly raised in the

cataract patients in the present study, in con-
trast with the earlier study.47 An association
between raised sodium levels and cataract may
also be mediated through the effect of salt
intake on hypertension.'9

Although urea in the cataract group was
significantly raised in our previous study,4 5 7
the small rise was not significant in the present
study (Table 1). Similarly, there was no signifi-
cant difference in the levels of urate or creati-
nine, indicating no difference in renal function.
The levels of potassium, phosphate and -y

glutamyl transpeptidase all gave inconsistent
results between the earlier4 5 7 and the present
Edinburgh based studies, but the latter used a
more stringent design.
The mean total carbon dioxide levels were

virtually identical in the present cataract and
control groups, implying that there was no
intergroup difference in the delay between
sample collection and analysis (some diffusion
of carbon dioxide occurs with time). However,
in our previous study4 5 7 the mean level was
significantly lower in the patients. This dis-
crepancy is unlikely to reflect the fact that in
the previous study the controls were ambula-
tory, but the patients were resting, while in the
present study all samples were taken under
identical conditions, but that explanation
probably does account for other discrepancies.
In our previous study, albumin, calcium, and
total protein were significantly lower in the
cataract group-7 whereas in the present study
these constituents were significantly higher.
We regard the results in the present study as
the more valid, because the exercise in the
previous control group may well have reduced
their albumin, calcium, and total protein
levels.
The albumin/(total protein-albumin) ratio

in the present study was significantly lower in
the cataract group, which is consistent with
earlier findings.'2 The relative increase in the
globulin fraction in the cataract group could be
associated with infection which was found to
be significantly associated with cataract in the
previous study.7 20

GENERAL
The pair-matching on sex and age (by half
decade) has reduced the chance of bias. The
level of some serum constituents varies with
age2l; however, when a value in any patient or
control was missing, the matched pair was
eliminated, so that there is no difference in age
between the two groups to confound our
observations. Furthermore, venepuncture was
performed with subjects fasting at an early
morning visit to the homes of all patients and
controls. The close similarity of total plasma

carbon dioxide levels in patients and controls
validates the claim for standardisation of
specimen collection in the two groups.

All surveys such as the present one entail the
possibility that mere chance may be responsible
for a particular significant difference, a proposi-
tion fundamental to all statistical analyses. The
greater the number and diversity of quantifiable
properties compared between groups, the
greater the likelihood that one or more will
differ significantly merely by chance. There
are many statistical methods available to
correct the p values for the number of tests
performed22 23; however, we have reported
unadjusted p values in order to allow the reader
access to the raw test results independent of a
specific correction method. Agreement with a
previous finding of a significant difference
increases confidence in a conclusion, but an
unexpected finding at the borderline of signifi-
cance may well be attributed to chance.
Almost all the mean values estimated in both

groups are within the generally accepted
normal reference range, which is 2 standard
deviations from the mean of a large parent
population. The only exception is the mean
value of alkaline phosphatase at 103 units/l
(Table 1) in the cataract group which is slightly
higher than the upper end of the normal refer-
ence range; however, the control mean level is
also at the high end of the normal range,
reflecting the higher levels found in the elderly.
The distribution of patient control differences
was examined for each plasma constituent and
found to be symmetric, indicating that the
significant differences between patients and
controls were not due to a small group of very
abnormal individuals but rather to a shift of
the whole cataract group compared with the
control group. Thus, even though the mean
plasma constituent levels of both patients and
controls are within the normal range, the
statistically significant differences are import-
ant in relation to cataractogenesis, especially as
we have provided evidence that risk factors are
additive.7

Although we have focused in this paper on
correlations between human plasma con-
stituents and cataract, potential confounders
exist, including documented risk factors such
as smoking,2429 alcohol consumption,3>37
and diet (in particular antioxidant status).384
(For a review of these and other risk factors for
cataract, see West and Valmadrid45.) Our
present study contributes new information to
the complex aetiology of cataract.
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