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cuff size with significant interaction between the two
variables. In addition, part of the effect of arm
circumference on blood pressure was explained by the
correlation of arm circumference and weight.

Although the tracking correlation increased with age
to 0 59 at 10 years, the strength of this correlation
indicates that tracking accounts for only about 35% of
blood pressure variability in children aged 10; 65% of
the variability was between occasion variability. Thus
children still have variable blood pressure even at the
age of 10 years. We therefore believe that blood
pressure is too variable to recommend screening of
unselected children at 10 years.

It has recently been shown that geographical factors
which affect adult blood pressure independently of
social class are already operating in children aged 5-6.2
In areas where adults tend to have high blood pressures
children have blood pressures 5-6 mm Hg higher than
children living in low blood pressure areas.2 Other
studies have shown the importance of dietary sodium,
even in the first year of life, in relation to blood
pressure." It is likely that there are other antecedents
of high blood pressure apart from those described and
cited above, and the evidence of the Brompton study is
that childhood would be a profitable time to look for
these factors.

We thank the British Heart Foundation and the Medical
Research Council for financial support.
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Homozygous haemoglobin 0
disease and conjugated
hyperbilirubinaemia in a
Sudanese family

S A Ibrahim, Daoud Mustafa, A 0 Mohamed,
M Beshir Mohed

Haemoglobin 0 Arab was first reported in two children
of an Arab family who were suffering from sickle cell
Hb 0 trait.' In the Sudan 11 instances of the carrier
trait for Hb 0 were found in 9100 unselected blood
samples in Khartoum.2 Homozygosity for Hb 0 Arab
has hitherto not been reported. We describe three cases
of homozygous Hb 0 Arab with conjugated hyperbili-
rubinaemia in a Sudanese family.

Case reports
CASE 1

A Sudanese woman aged 27 was admitted to
Khartoum Teaching Hospital in 1989 complaining of
fever, jaundice, and a painful vulval swelling. Since the
age of 8 years she had suffered from repeated attacks of
jaundice, often precipitated by bouts of fever. In 1981
and 1987 she had been admitted to hospital and was
diagnosed as having haemolytic anaemia. On admis-
sion in 1989, she had a temperature of 38 9°C and a
spleen that was just palpable. She had a small abscess in

the vulva, which was drained. Investigations showed a
haemoglobin concentration of 117 g/l, a white cell
count of 8 6 x 10/l, an erythrocyte sedimentation rate
of 24 mm in the first hour (Westergen), and a negative
blood film for malaria. Paper electrophoresis of haemo-
globin in barbitone buffer (0 05 M, pH 8-6) detected
Hb 0 Arab alone, which was subsequently confirmed
by Professor Sir David Weatherall of the Nuffield
Department of Clinical Medicine, Oxford. The table
shows the rest of the findings.
Her urine contained excess urobilinogen but no

bilirubin. The coproporphyrin content of urine was
normal but thin layer chromatography showed a
preponderance of isomer 1.3 After treatment she was
discharged taking 5 mg folate daily.

CASES 2 AND 3

The table shows the findings in two younger sisters
of the patient in case 1 (cases 2 and 3). In both cases
urine examination showed excess urobilinogen but no
bilirubin. Coproporphyrin concentrations were within
normal limits with a preponderance of isomer I.

Case 4 is of a younger brother of the patients in cases
1-3 who was found to have conjugated hyperbilirubin-
aemia with a preponderance of urinary coproporphyrin
I.

Comment
The clinical picture of homozygous Hb 0 Arab has

hitherto not been reported. The members of this
family are northern Sudanese of Arab ancestry.
Homozygous 0 disease seems to start early in child-
hood and is always preceded by a febrile illness.
Although malarial infection was suspected at various
times in these three cases, the parasite was never
detected in a peripheral blood film. It seems possible
that in homozygous Hb 0 erythrocytes infected with
the malaria parasite undergo immediate haemolysis
and are eliminated from the circulation. This is
supported by the fact that haemoglobin concentration
was low (75 g/l) in the patient in case 1 when she was
admitted to hospital in 1987. Thus Hb 0 Arab seems

Laboratory findings in three patients with homozygous Hb 0 disease (cases 1-3) and their brother (case 4)

Serum bilirubin
([Imoll)

Case Age Height Weight Adult Haemoglobin Haemoglobin Reticulocytes
No (years) (cm) (kg) haemoglobins g/l F (%) (%) Total Conjugated

1 27 140 46 0 117 1.2 5-8 129-2 476
2 23 144 48 0 112 2-3 3-3 59 5 32-3
3 15 132 36 0 101 1-3 3-8 510 28-9
4 12 138 43 AandO 95 05 3 42 5 30 6
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to protect against death from malarial infection by
prompt haemolysis of infected erythrocytes.

Another feature of homozygous Hb 0 disease is that
the three patients were all of small stature and had
young, almost childish faces.
The inheritance of homozygosity for Hb 0 Arab in

this family was also associated with another rare
recessive inheritance for conjugated hyperbilirubin-
aemia of the Dubin-Johnson type. The total copro-
porphyrin concentration in the urine of the three
patients and that of their brother was within normal
limits. A preponderance of isomer I varying in total
between 76% and 85% clearly suggested, however, the
Dubin-Johnson syndrome.3 In all cases liver function
tests gave normal results.
One of the largest surveys conducted in Saudi Arabia

did not detect Hb 0 Arab.4 The finding of Hb 0 Arab
in isolated cases in other countries is probably the

result of gene transmission from the Sudan in these
countries through historical links.5

We thank Professor Sir David Weatherall for confirming
the finding of Hb 0 Arab and Mrs Samia Bakhit for
secretarial help.
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Side of origin of epithelial ovarian
cancer

Catherine B Johannes, David W Kaufman,
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M Ellen Warshauer, Samuel Shapiro

Incessant ovulation has been suggested to increase the
risk of ovarian malignancy because of repeated trauma
to the ovarian epithelium.' Recently Cruickshank
hypothesised that if this is so tumours should arise
more often on the right than on the left side2 as
ovulation occurs more frequently on the right.3 Among
214 cases of epithelial ovarian cancer he found that
significantly more tumours (59%) arose in the right
ovary. We investigated the hypothesis with data from
our case-control surveillance study.4

Patients, methods, and results
Patients aged 18-69 years admitted to hospitals in

several metropolitan areas of the United States and
Canada with ovarian cancer as well as other selected
conditions were administered standard questionnaires
on personal characteristics, medical history, habits,
and use of medication.4 Hospital records were
abstracted for information on the diagnostic and
histological classification of ovarian cancer. Patients
included in this analysis had been interviewed from
October 1976 to June 1989. All cases of epithelial
ovarian cancer, stage I or greater, that occurred in
women with both ovaries intact at diagnosis and for
which a pathology report was present were reviewed
(341 of 612 cases).
The side of origin was determined by two in-

dependent reviewers-one who knew the hypothesis
and one who did not. The reviewers agreed on 289
(85%) of the cases. (Results were similar whichever
reviewer's classification was used, so knowledge of the
hypothesis did not appear to influence the results.) The
52 cases classified differently were decided on by a
third reviewer, who knew the hypothesis. (Results
were similar whether or not these 52 cases were
included in the analysis.) Proportions were compared
by using the one sample test of significance for
binomial proportions.5
The median age of the 341 women reviewed was 51

years; 314 were white. The stage was determined in
253 cases (74%): 66 stage I, 25 stage II, 124 stage III,
and 38 stage IV.

The side oforigin could be determined for 264 cases.
In the others widely disseminated disease made identi-
fication of the side impossible. The proportions with
right and left unilateral tumours were similar (table). A
somewhat greater proportion of the bilateral tumours
were right than left dominant (dominance was deter-
mined according to the side with the larger tumour)
but the difference was not significant (z= 1 7, p=0 1).
Thus the totals for tumours of right and left sided
origin were 141 and 123 respectively (z=l l, p=0 3).

Distributions according to age, race, parity, and ages
at menarche, first pregnancy, and menopause were
similar for right and left sided tumours. The stage could
be determined for 95 ofthe patients with right sided and
91 patients with left sided tumours. Similar proportions
ofwomen with right (76; 54%) and left sided (68; 55%)
disease presented at a late stage (III or IV).

Comment
Our results give scant support for Cruickshank's

hypothesis. We found that 53% of the determinable
tumours were of right sided origin compared with
Cruickshank's 59%.2 Although his results were
statistically significant and ours were not, the 95%
confidence interval for our estimate (0 47 to 059)
includes his estimate; thus we cannot rule out his
findings. In both studies the findings were mainly
accounted for by right sided dominance in bilateral
tumours. As Cruickshank discusses, it is necessary to
make the unproved assumption for bilateral disease
that the side with the larger tumour is the side of origin.

Cruickshank found that a significantly higher pro-
portion of patients with left sided tumours (60%)
presented at an earlier stage (I and II); we observed no
difference. Cruickshank's study may have been subject
to observer bias because the single reviewer who
examined the records was aware of the hypothesis.
Such bias is unlikely in our study as cases were
classified by two reviewers, one ofwhom was unaware
of the hypothesis. On the other hand, his study was
population based and selection bias was unlikely; we
could not exclude the possibility of such bias.
We conclude that the hypothesis that epithelial

ovarian cancer arises more commonly on the right
remains unproved. Since both studies are consistent
with a possible right sided pxedominance for bilateral
tumours, however, this relation should be examined
further in a larger series.

We thank the physicians who provided the patients, the
nurse interviewers, Marguerite Angeloni for coordination of
the study, Leonard Gaetano for data management, Dr Freddy
Homburger for reviewing the cases, and the participating
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