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Table 3  Comparison of haematological indices in female patients with and without lesions of proliferative retinopathy

With PSR
Variable B E—

n Mean SD
Age (years) i4’ 3907 7 13-3
HbA, (%) 14 2:87 0-32
Loge (% HbF - 4) 14 2:211 0-33
Hb (g/dl) 14 771 0-83
MCHC (g/dD) 14 329 12
MCV (fl) 14 90-0 7-4
Loge (9% retics - 1) 14 2-36° 0-35
Platelets ( < 10*/1) 13 441 110
Loge (% ISC | 10) 14 2-89° 0-27
Tot. bilirubin (mg/dl) 14 2:85 1-31
Serum Fe (ug/dl) 14 80-2 155

Without PSR

——— e t Significance
n Mean SD
134 303 129 — — -
128 2:83 047 0-30 NS
128 2:22¢ 033 -0-20 NS
129 7-84 1-08 -0-43 NS
129 328 1-4 0-38 NS
125 89-4 70 0-31 NS
129 2:314 0-33 0-53 NS
112 445 150 -0-09 NS
112 2-89° 0-30 0-06 NS
128 323 2:03 -0-67 NS
129 97-4 345 3:34% P<001

Transformed variables re-expressed as %: 5-1, 25-3,29-6.49-1, °8-0, 67-9. *Welch’s test statistic (see text).

explore whether PSR status appeared to be influen-
ced jointly by a combination of indices. This proce-
dure also allowed the effect of age to be taken
properly into account. Preliminary analyses indi-
cated that platelets were unrelated to PSR, and
since platelet levels were unavailable for many
patients they were excluded from this analysis. The
youngest patient with PSR in this sample was aged
21, and the regression analysis was therefore
restricted to patients aged 20 or over, i.e., the
group thought to be at risk. There were 189 patients

in this age group with steady-state values for all
indices.

In males the analysis confirmed the association
of high Hb and low HbF with PSR, but there was
also a suggestion that high serum iron levels might
be of importance. Among females neither HbF nor
Hb appeared to be of importance; low iron levels
appeared to be associated with PSR, but the contri-
bution of this parameter to the fit of the regression
model was marginal.

The above findings are illustrated in Figs. 1-6.
In males (Fig. 1) the HbF levels of PSR cases were
clustered in the lower part of the range, while no
such effect was apparent in females (Fig. 2). Thus,
all 15 male cases had HbF levels below 6°;,, while
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6/14 female cases had levels higher than this. Plots
of total Hb levels against age indicated a strong
tendency to lower Hb levels in patients over the
age of 40 (Figs. 3 and 4). As onset of PSR is thought
to occur most frequently at younger ages,® the Hb
levels recorded in older patients may therefore not
be representative of their levels at the time of
onset of PSR. If attention is restricted to younger
patients, it is evident that all the male cases were
clustered at the upper end of the range of Hb values
above 9 g/dl. The striking effect seen in males was
not evident in females.

age lyears)

When the analysis was restricted to patients
under the age of 40 years, the association of PSR
with high haemoglobin and low HbF levels was
clearly evident in males (Fig. 5) but not in females
(Fig. 6). In male patients with PSR 10/11 had both
high Hb (>9 g/dl) and low HbF (<5%) levels. The
1 male patient not falling into this pattern was
39 years old, and his Hb level may already have
declined as a result of aging. Note that the majority
of patients with Hb and HDbF levels and age in the
stated ranges had PSR lesions detected. Again the
clear pattern evident in males was not repeated in
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the female group, though higher than average Hb
levels did occur in the few female cases under the
age of 30.

The contribution of iron was problematical.
Scrutiny of the data suggested that the apparent
contribution of high levels of serum iron to PSR in
males may have resulted from just 3 PSR cases
which had low levels of Hb but high levels of iron.
All 3 were among the older patients, and, as has
already been pointed out, current Hb levels may
be unrepresentative of those at the time of onset.
This observation, together with the discordance
between the sexes in the direction of this effect,
suggests that the apparent influence of iron should
be treated with caution.

PROSPECTIVELY OBSERVED PROLIFERATIVE
RETINOPATHY
As there is some evidence of longitudinal changes in
haematological indices, difficulties in interpretation
may arise in analyses employing haematological
data collected years after the development of PSR.
Further analyses were therefore performed in a
small group of patients (4 male, 5 female) in whom
the development of PSR has been prospectively
recorded. Haematological indices in this group
prior to onset were compared with those in 9 age/sex
matched controls selected at random from the
study group (Table 4).

The 4 male pairs fit clearly into the pattern out-
lined above. All 4 cases had high Hb and none had
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HbF levels above 49,. In contrast, all 4 control Discussion

patients had lower Hb levels and two had HbF
levels above 6%. There was no difference in mean
iron levels between the 2 groups. Once again the
female patients failed to follow this clear pattern.
Mean Hb was slightly higher among the cases of
PSR (7-6 g/dl) than in the controls (7-1 g/dl), but
in 2 pairs out of 5 the Hb level was higher in the
control patient. Furthermore, 4 out of 5 cases had
HDbF levels in excess of 6%, a level which appears
to have conferred protection in the male group.

Proliferative retinopathy represents a permanent
change in the retinal vasculature which, even if
autoinfarcted and no longer leaking fluorescein, is
still recognisable on ophthalmoscopy. The preva-
lence of PSR in the clinic population might therefore
be expected to increase progressively with age. In
this sample the highest proportion of patients with
PSR occurred in the 30-39 year age group, but
biases in patient selection will have overestimated

Table 4 Haematological indices of PSR cases with known age of onset, and age[sex matched controls

Males Case Control  Case Control  Case Control  Case Control

Age of onset 20 26 27 30

HbF (%) 35 68 29 03 1-3 38 07 78

Hb (g/dl) 88 81 9-2 66 10-6 75 10-6 77

MCHC (g/d]) 330 295 315 31-8 317 32:8 330 338

MCV (f)) — — 86 84 78 98 84 97

Serum Fe (ug/dl) 166 93 74 62 64 126 83 100

Females Case Control  Case Control  Case Control  Case Control  Case Control
Age of onset 21 34 39 42 44

HbF (%) 7-0 58 88 33 11 11-0 10-4 16 65 35
Hb (g/dl) 84 68 72 65 75 60 7-8 84 71 79
MCHC (g/dI) 330 32:3 314 320 31-8 32:0 338 31-8 323 326
MCV () 94 97 94 85 77 102 94 82 94 88
Serum Fe (ug/dl) 88 120 104 60 69 121 110 76 74 100
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the prevalence of PSR in both the 20-29 and 30-39-
year age groups. Thus of the group of 76 unselected
patients originally examined® 71 were under the age
of 40 years, and only 1 of these had PSR. In the
present study PSR occurred in 10/71 (14%,) patients
over the age of 40 years, and this is probably a valid
estimate of the prevalence in this age group, as
ophthalmological assessments are routine in these
patients.

Apart from age, which reflects duration of the
vaso-occlusive process and the accumulation of end
organ damage, it was possible to identify other
factors associated with the occurrence of PSR. Both
high haemoglobins and low fetal haemoglobin
levels were significantly related to PSR in male
patients, but such analyses were complicated by
age-related effects. Total haemoglobin appeared to
fall with age beyond the age of 40 years in essen-
tially cross-sectional studies (Fig. 3), and this is
probably true of longitudinal observations in indi-
vidual patients. The mechanisms responsible for
this fall are unclear, though the increasing preva-
lence of chronic renal failure in older patients with
SS disease is one of the factors responsible. Since
PSR appears to develop in male patients most
frequently between the ages of 20 and 30 years,
analyses based on the haemoglobin level present
10-30 years later may be fallacious. Such errors
are reduced by confining analysis to patients
aged under 40 years. In this context the effects of
total Hb and HbF in male patients are striking. Of
male patients with Hb levels >9-0 g/dl, 10/26 had
PSR, and of those with Hb levels >9-0 g/dl and
HbF levels <59%, 10/18 had PSR. Indeed 10/11
patients with PSR fell in this latter group. In the
high haemoglobin group no cases of PSR occurred
among the 8 patients with HbF levels > 5%, (Fig. 5),
suggesting that high levels of HbF may confer a
protective effect.

The lack of similar relationships in female
patients is disappointing, though it is of interest to
note that no female patients had indices in the ‘high
risk’ group (Hb >9-0 g/dl; HbF <5%) as defined
from male patients. Of the female patients who had
developed PSR, however, some had lower Hb and
higher HbF levels than were seen among male
patients with PSR. No clear relationships with
haematological indices were apparent, and it is
possible that a different mechanism is involved in
female patients.

Mechanisms whereby high haemoglobins and
low fetal haemoglobin levels might influence the

development of PSR are speculative. Viscosity
increases in proportion to the haematocrit in
in-vitro studies, though the haematocrit may have
little effect on viscosity in capillaries. However, the
haemoglobin level appears to influence blood flow
in some peripheral capillary beds in patients with
normal red blood cells,®!° and it is possible that
haemoglobin level plays a greater role in the presence
of the decreased deformability of sickled cells. The
HDbF level is inversely related to the proportion of
irreversibly sickled cells,’* and it is probable that
patients in the ‘high risk’ group (Hb >9-0 g/dl;
HbF <5%) have compromised blood flow from
both a relatively high haemoglobin level and a high
proportion of sickled cells.

Difficulties of interpretation arose in this study
because the haematology of some patients with PSR
may have been recorded several years after the onset
of PSR, whereas the haematology immediately prior
to onset is likely to be more relevant. Nevertheless
the observation that current levels of Hb or HbF
are particularly high or low in patients with PSR
is at least suggestive of a causal link with these
variables. A more sensitive test of this hypothesis
will become available with prospective studies
recording the development of proliferative retino-
pathy which are currently in progress.
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