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Variation in serum electrolytes and enzyme
concentrations in patients with sickle cell
disease

N Nduka, Y Kazem, B Saleh

Abstract
Aim-To assess levels ofsome biochemical
variables in sickle cell disease patients
from eastern Saudi Arabia during steady
state and in crises states, with a view to
comparing biochemical and clinical mani-
festations ofthe disease with those in other
geographical locations.
Methods-Serum calcium, uric acid, total
bilirubin, lactate dehydrogenase, hydroxy-
butyrate dehydrogenase, and haemoglobin
were measured in 110 sickle cell patients
when in steady state. The same variables
were measured on 30 of the patients when
they went into crisis.
Results-Serum calcium tended to be
lower in sickle cell patients than in healthy
controls, while uric acid tended to be in
the high normal range. Crises did not
make any difference to serum calcium but
they increased the uric acid level sig-
nificantly. All the other variables meas-
ured were significantly abnormal and
more so during crises.
Conclusions-Although the abnormal
levels obtained for these biochemical vari-
ables in patients with sickle cell disease
from eastern Saudi Arabia were similar to
those from other geographical locations,
there were noticeable differences in the
severity of the abnormalities, which prob-
ably explains the differences in the clinical
manifestations ofthe disease between geo-
graphical locations. Values of some of
these variables could be adapted for use
to monitor crises.
(J7 Clin Pathol 1995;48:648-65 1)
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province, where the severity of sickle cell
disease is reported to be milder.7-9
We have recently proposed a possible in vitro

antisickling role for uric acid in sickle
cell disease' and we deduced that this could
be responsible for a tendency towards
hyperuricaemia and its attendant con-
sequencesl'1' in sickle cell disease patients.
Furthermore, there is commonly an increase
in lactate dehydrogenase (LDH)' as well as
total bilirubin levels'2 in these patients.
Changes in these indices are often associated
with haemolytic episodes, which are a common
feature of the disease. Whether there is a cor-
relation between the serum levels of these two
variables in sickle cell patients, or between the
changes in their levels and the perennially low
haemoglobin levels common in this disease, is
not obvious. Also, it has been reported that
both haemoglobin and total bilirubin levels are
unaffected during painful crisis and that crises
are milder in tropical regions.12 Whether crises
bring about alterations from the norm in these
biochemical values, such as the reported in-
crease in serum ca-hydroxybutyrate in painful
crises," has not been reported in this popu-
lation, which has milder manifestations of the
disease.
We have focused on the serum calcium con-

centrations and the other biochemical variables
mentioned above as a basis for a comparative
assessment of the biochemical manifestations
of sickle cell disease, and what bearing they
may have on the pathophysiology of patients
with this disease in our own locality compared
to others, bearing in mind the known variations
in the manifestations of the disease in different
geographical locations around the world.'415
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Various biochemical manifestations of sickle
cell disease are now well documented'`6 and
the possible roles that these play in the patho-
physiology of the disease have been proposed.
The role of calcium homeostasis as it affects
pathological changes in the skeletal system
in sickle cell disease has recently attracted
attention.67 In one such report,7 radiological
bone changes were strongly associated with
the greater severity of the disease in one

region of Saudi Arabia compared to other
regions of the same country. While low serum

calcium has been reported in the south-
western province of Saudi Arabia, no such
studies have been carried out in the eastern

Methods
One hundred and ten Saudis with sickle cell
disease (HbSS) were investigated in this study.
There were 60 males and 50 females, with ages
ranging from 5 to 50 years (mean 18 years).
One hundred healthy matching controls
(HbAA subjects) were similarly investigated.
The control subjects were taken at random but
often included relatives of the sickle cell disease
patients. The sickle cell patients were either
regular attendants at the sickle cell clinic or
were seen in the emergency unit of the 500
bed Qatif Central Hospital in the eastern prov-
ince of Saudi Arabia. The patients from the
emergency unit were usually in crisis state,
while those seen at the sickle cell disease clinic
were mainly in non-crisis steady states.
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Table 1 Level of some biochemical variables in Saudi sickle cell disease patients, and in age and sex matched controls.
Values are means (SD)

Haemoglobin phenotype Statistical
significance

Biochemical variables Group SS AA (SS v AA)

Calcium (mmol/l) Male + female 2-22 (0-04) 2-5 (0-03) Not significant
Uric acid (mg/dl) Male 4-81 (1 20) 4-3 (0-92) Not significant

Female 4-15 (1-23) 3-5 (0-94) Not significant
Total bilirubin (mg/dl) Male + female 2-46 (1-32) 0 7 (0 05) p<0-001
LDH (IJ/1) Male + female 356 (51) 177 (29) p<0-001
oa-HBDH (U/1) Male + female 220 (24) 121 (16) p<0.001
Hb (g/dl) Male + female 9-26 (1-92) 14-83 (1-51) p<0-001

Male 9-17 (1-87) 15-11 (1-39) p<0001
Female 9 10 (1-89) 13-71 (1-42) p<0001

LDH = lactic dehydrogenase; a-HBDH = as-hydroxybutyrate dehydrogenase.

Blood samples were drawn from all the
patients and control subjects. Because many of
the patients were regular attendants ofthe sickle
cell disease clinic as well as being admitted
sometimes to the emergency unit when in crisis,
it was possible to draw blood from them before,
during, and after sickling crises. Samples were
therefore obtained for steady states and for
crisis states for 30 of the sickle cell disease
patients. Eighty five per cent of the crisis states
were of the vaso-occlusive type. Aliquots of the
blood samples drawn from each patient or
control subject were dispensed into appropriate
tubes for haematological and biochemical stud-
ies. Haemoglobin values were obtained for
every subject. Plasma was obtained by centri-
fugation of the samples for biochemical studies
and used for the estimation of total bilirubin,
calcium, uric acid, LDH, and the LDH1

oxobutyrate substrate analogue, oa-hydroxy-
butyrate dehydrogenase (oa-HBDH).
Haemoglobin estimation was carried out

with a Coulter counter S-plus IV model. Ana-
lyses of the biochemical variables were done
with the Astra systems autoanalyser, except for
the enzymes, which were analysed with the
Dupont Dimension autoanalyser. Ciba "nor-
mal" and "abnormal" quality control sera were
used for all the analyses. Coefficients of vari-
ation for the assays in our laboratory were 6-2%
(bilirubin), 4-6% (calcium), 4-3% (uric acid),
6-3% (LDH and HBDH).

Statistical analysis was done using Student's
t test to obtain statistical significance of the
differences between the mean for each variable
in the sickle cell disease patients compared to
the control (HbAA) subjects. P values <0 05
were considered significant. Data are presented
as mean (SD), and 95% confidence interval
(CI), with significance of difference between
means evaluated by unpaired CI testing.
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Figure 1 Distribution of uric acid levels in HbSS patients and HbAA controls.
(M= males; F=females; arrows indicate mean values)

Results
Values of the various biochemical variables for
the different subject groups investigated are
presented in table 1. The statistical significance
between the mean values for sickle cell disease
patients and their matched controls (HbAA)
are indicated in the table. The distribution of
uric acid levels in the two groups of subjects is
shown in fig 1.
The results show that the mean serum cal-

cium level was lower, while the uric acid level
was higher, in the sickle cell disease patients
than in the control subjects. The differences in
the mean values are not statistically significant,
though fig 1 shows that the uric acid levels
tended towards the higher values of the ref-
erence range. However, only three patients had
hyperuricaemic levels. Total bilirubin, LDH
and oa-HBDH were significantly higher, while
the Hb values were significantly lower, in the
sickle cell disease patients than in the control
subjects, as indicated in table 1.
Table 2 shows the values for the various

biochemical indices when the sickle cell
patients were in crisis as opposed to the steady
state. It shows that the values were statistically
different depending on whether the patient was
in crisis or in the steady state. This is illustrated
further for uric acid in fig 2, which shows the
distribution of the values in the two states.
The exception was the calcium values, which
remained the same irrespective of whether or
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Table 2 Level of some biochemical variables of sickle cell disease patients when in cnisis
and steady states. Values are means (SD)

Biochemical In crisis In steady Statistical
variables state state significance

Uric acid (mg/dl) 5-10 (0-91) 4 41 (0 90) p<005
Total bilirubin (mg/dl) 4-01 (1 10) 2 03 (0 72) p<0001
LDH (U/1) 522 (54) 290 (22) p<0001
a-HBDH (U/1) 288 (24) 204 (19) p<0 002
Hb (g/dl) 7-55 (1-01) 9-53 (1 33) p<001
Ca2 mmol/I 2-22 (0-04) 2 24 (0-04) NS

LDH = lactate dehydrogenase; oc-HBDH = a-hydroxybutyrate dehydrogenase; Hb = haemoglobin.
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Figure 2 Distribution of uric acid levels in HbSS
patients in crisis state and in steady state. Arrows indicate
mean values.

not the patient was in crisis. Uric acid, total
bilirubin, LDH, and oc-HBDH levels were

higher, while the Hb level was lower, during
crisis than during steady state.

Discussion
There is evidence now to show that calcium
homeostasis is affected in sickle cell disease.'67
A tendency towards hypocalcaemia in these
patients has been found in our study, as in
others.'67 The fact that patients with sickle cell
disease are not universally hypocalcaemic may
be explained by the complex nature of calcium
homeostasis and the possible role of vitamins
and hormones, as suggested recently.6 It might
have been expected that the milder nature of
the disease in eastern Saudi Arabia would result
in better calcium homeostasis. This has not
been found to be true in our study. The sim-
ilarity of our results to those of others'67 and
the absence of variation in the calcium levels
between crisis and steady state periods of sickle
cell disease strongly suggest that the com-

monest presenting feature of the disease-the
bone manifestations27 is an inherent aspect
of the disease and does not depend on the
geographical location ofthe patients. Therefore
the suggestion that the radiological bone

changes per se' could be strongly associated
with the greater severity of the disease between
one geographical location and another should
be viewed with caution, as other factors are in
fact implicated.689 These other factors, which
have geographical variability, may be the under-
lying factors that affect calcium homeostasis
and consequently produce variable bony mani-
festations from one population of sickle cell
disease sufferers to another.
From this study, we have shown that serum

uric acid values in sickle cell patients tend
towards the upper range of normal, but with
only about 3% reaching the hyperuricaemic
level. This tendency is similar to previous re-
ports on Saudi Arabian sickle cell patients4 and
other populations.2101617 However, our results
and the others published on Saudis4 show that
the rise in uric acid is generally less in the
Saudi Arabian population than in other regions.
However, the significant difference in values
between crisis and steady state is similar to that
reported in a Nigerian population during bone
pain crisis.'7 The similarity is underscored by
the fact that over 80% of the crises in our
population were of the painful vaso-occlusive
type which also inflicts bone pain on the
patients. The fact that the uric acid elevation
reverted to normal upon recovery from crisis
lends credence to the suggestion of an anti-
sickling role for uric acid.3 It seems plausible,
therefore, for us to infer from these findings
that uric acid metabolism is compromised in
sickle cell disease, albeit to a varying degree
depending on ameliorating factors.9 Thus, the
severity and consequences ofthe manifestations
of sickle cell disease, depending on sex, age,
and type of population, also vary.4 510 16 17

Bearing in mind the implications of hyper-
uricaemia on renal integrity,1' 18 we suggest
more regular monitoring of uric acid levels,
especially in older sickle cell disease patients
in whom prolonged hyperuricaemia may have
cumulative adverse effects on the kidneys.
A rise in bilirubin is not unexpected since

there is a higher than normal rate ofbreakdown
of red blood cells in sickle cell disease patients.
Also, sickle cell disease related infarcts, oc-
curring in a variety of organs including the
liver, have been reported.'9 Microinfarcts in the
liver could exacerbate the rise in serum bilirubin
and would account for the much higher level in
crisis. Similarly, the low level of haemoglobin,
which is further reduced in crises as observed
in this study, is attributed to the continuous
haemolysis in sickle cell disease. This is similar
to the results in Nigerian sickle cell patients.'5
However, the haemoglobin values in both
steady and crisis states are lower in Niger-
ians,"5 where crises values could be as low as
5 g/dl. It is noteworthy that crisis states among
Nigerians are more likely to be of the haemo-
lytic type. This may be related to G-6-PD
deficiency in view of the reported high rate
of G-6-PD deficiency among Nigerians.'5 So,
unlike a previous study," ours shows that both
serum bilirubin and haemoglobin levels are
affected during painful vaso-occlusive crisis.
The increase in LDH is an inherent mani-

festation of sickle cell disease due to the con-
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tinuous haemolytic events and release from
infarcted bone marrow. Infarcted muscles
which release creatinine kinase20 may also re-
lease the muscle LDH isoenzyme. The sig-
nificantly higher level in crisis is a reflection of
the severity of the event. No correlation was,
however, found between LDH rise and hae-
moglobin depression, as both occurred in-
dependently.
The mean a-HBDH level is higher in sickle

cell disease patients than in control subjects.
However, only 56% of the patients actually had
levels higher than normal, though during crisis,
this increased to 80%. The source of this raised
enzyme in sickle cell disease may be necrotic
bone marrow and in vivo haemolysis. However,
because of the relative specificity of HBDH
assays to cardiac events, it is probable that the
major source could be infarcted cardiac muscle.
This is supported by the frequent observation
of "large heart" in children who die during
sickle cell crises.2' It is thought that hypoxic
damage to cells, and the tissue ischaemia which
occurs in sickle cell disease crises, is implicated
in this phenomenon. Thus the measurement
of this predominantly heart specific enzyme
could be used as a marker for monitoring se-
verity and progression of crises.
These results give us more insight into what

may be happening to various biochemical
indices in sickle cell disease. They show that
pathophysiological and biochemical mani-
festations of the disease are similar irrespective
of the geographical location of the patients.
What differs is the severity of the ma-
nifestations. This could be the result of local
factors,"5 and in some cases of ameliorating
factors such as haemoglobin F (HbF) in Saudis.

Assays of some of these variables show de-
finitive differences between steady state and
crisis state in this and other populations. Be-
cause of the relative ease with which these
indices can be measured, they can be adapted
for use both as biochemical markers for sickle

cell disease crises and as tools to monitor the
severity and progression of crises.
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