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ABSTRACT

In the tropics where the prevalence of sickle cell anaemia (SCA) is high, reports of
concurrence of sickle cell anaemia and diabetes mellitus are rare with diabetic
ketoacidosis (DKA), being rarer. In this case report, we present the cases of two Nigerian
adolescents (one male and one female) with homozygous SCA who presented in DKA.
Sickle cell anaemia was diagnosed eight and nine months respectively prior to their
presentation with DKA. There was no history of previous multiple blood transfusions.
Neither of the two cases had positive family history of diabetes mellitus. The diagnosis of
DKA in each case was based on the presence of hyperglycaemia, ketonuria and
acidosis. The families of these two patients were of low socio-economic status.
Conclusion: Although concurrent homozygous sickle cell anaemia and diabetic
ketoacidosis is rare, it does occur in Nigerian children and adolescents.
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1. INTRODUCTION

In tropical countries where there is a high incidence of sickle cell anaemia (SCA), clinical
experience indicates that co-existence of SCA with either type 1 or type 2 diabetes is a rare
finding [1,2]. For instance, in Orissa, India, where the frequency of sickle cell gene is high
(15.1%), two separate studies did not find diabetes among patients homozygous and
heterozygous for sickle cell gene [3,4]. Although there are no population-based data to
determine the relative prevalence of diabetes among patients with SCA in the tropics, it
would appear that as a group, individuals with SCA enjoy a relative ‘protection’ from
diabetes. The mechanisms for such protection is poorly understood. However, it has been
linked to low body mass index (BMI), hypermetabolism and genetic factors [5]. On the other
hand, it might be that majority of patients with SCA died early, therefore relatively small
number of patients survived for the clinical manifestation of diabetes mellitus [6]. The
situation in resource-limited tropical countries might be quite different from that in affluent
countries, where blood transfusion are more widely used to palliate the anaemia of sickle cell
disease [7]. Iron overload due to multiple transfusions can result in B-cell damage and
decreased insulin production [5]. A few case reports of concurrent SCA and DM among
Nigerians are available but they were not complicated by diabetic ketoacidosis (DKA) [6,8].
So far, only one case of concurrent SCA and DKA has been reported from India [9], all
reflecting the rarity of the co-existence of the two clinical conditions.

The additional interest of SCA co-existing with DM is the use of HbA1C in long-term (2-3
months) monitoring of glycaemic control. Considering that the haemoglobin A1C (HbA1C)
test is based on normal haemoglobin, haemoglobinopathies can affect the reliability of the
test [10,11]. The physiologic basis for this unreliability include, altering the normal process of
glycation of haemoglobin A to HbA1C, causing an abnormal peak on chromatography, thus
making estimation of HbA1C unreliable, and the shortened lifespan (10-20 days) of red
blood cells in SCA, resulting in reduction in the time for glycosylation to occur, thereby
producing a falsely low HbA1C result [11]. Although sickle cell trait (HbAS) is not a disease,
when an individual with HbAS co-exists with diabetes, this haemoglobin variant interferes
with HbA1C measurement [12]. On the other hand, measurement of glycated serum protein
(fructosamine) is unaffected by haemoglobinopathy [13], making it a useful test in assessing
the glycaemic status of patients with haemoglobinopathy [9,10]. Another physiological effect
observed in patients with concurrent SCA and diabetes mellitus is a primary impairment of
insulin secretion [14]. This is reinforced by the study of Saad et al. [15] in which they
demonstrated a lower C-peptide secretion during intravenous glucose tolerance tests.

The purpose of the present case report is to raise the alertness of clinicians to the possibility
of the concurrent SCA and DKA (a rare clinical combination), thereby avoiding missed
diagnosis and guiding appropriate management of cases.

2. CASE REPORTS

2.1 Case 1

A.O. is a 13 year old boy who presented at the Children Emergency Room (CHER) of
University of Benin Teaching Hospital (UBTH), Benin City, Nigeria with complaints of
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excessive thirst and excessive urination (both day and night) for 14 days, generalized
weakness for 7 days, and fever of 3 days duration. No family history of DM. He is a known
case of sickle cell anaemia (SCA), diagnosed 9 months before the above symptoms. No
evidence of crises was noted. No history of ingestion acetyl salicylic acid (asprin). No
previous history of blood transfusion. He was in the first year in the senior secondary school
and has a good academic performance. The patient’s family was of low socio-economic
status.

On examination, his weight was 31kg (<5th percentile), height 140cm (<5th percentile), and
BMI 15.8kg/m? (<5" percentile). He was pale, icteric with a body temperature of 36.8°C). He
had a sickle cell habitus and was asthenic, dehydrated and conscious. He had tachycardia
(120bpm), and tachypnoea (40cpm) but no flaring of alae nasae or indrawing of the chest.
His blood pressure was 100/50mmHg (50" percentile for age, sex, and height). There was
no tenderness in any part of the body. The liver was palpable 4cm below the right coastal
margin, along the mid-clavicular line. The spleen was palpable 3cm below the left coastal
margin.

In this patient with SCA, a diagnosis of DKA was made based on the presence of
hyperglycaemia, ketonuria, glycosuria and acidosis Table 1. He was commenced on
standard regimen for DKA, using intravenous 0.9% sodium chloride, insulin infusion at a rate
0.1Units/kg/hr. As a policy, 1.V Clavulanate-potentiated amoxicillin (Augmentin) 50mg/kg/day
was administered. The DKA resolved after 24 hours of commencement of treatment and he
was switched to subcutaneous insulin. The blood glucose concentration ranged from 8.5-
17.5mmol/L while on admission. He was subsequently discharged home after 10 days on
admission on premixed insulin (70% intermediate insulin plus 30% soluble insulin) at
1Units/kg/day. He was subsequently lost to follow up.

2.2 Case 2

P. A.is a 12 year old girl who presented with a history of weight loss for 8 months, excessive
urination (day and night), excessive thirst for 3 months and fever for 3 days. She was
diagnosed to have SCA in a private clinic 8 months prior to presentation with above
symptoms at UBTH. She had only one episode of blood transfusion. She has not attained
menarche. She was neither on follow-up in the clinic nor on prophylactic medications. No
evidence of crises was noted. No history of ingestion acetyl salicylic acid (asprin). The socio-
economic status of the patient’s family was low. There was no positive family history of DM.
Her father died 11 years ago from a lymphoma.

On examination, her weight was 25kg (<5th percentile), height 134cm (<5th percentile); BMI
13.9kg/m? (<5 percentile). She was pale, icteric with a body temperature of 37°C. She had
a sickle cell habitus and was asthenic, dehydrated but conscious. He had tachycardia
116bpm. Her respiratory rate was 28cpm and she was not respiratory distress. Her blood
pressure was 90/60mmHg (<50" percentile for age, sex, and height). There was no
tenderness in any part of the body. The liver was 4 cm below the right costal margin along
the mid-clavicular line but no palpable spleen.

Like in the first case, a diagnosis of DKA was also made based on the presence of
hyperglycaemia, ketonuria, glycosuria and acidosis Table 1. As a policy, I.V. Clavulanate-
potentiated amoxicillin (Augmentin) 50mg/kg/day was administered. A treatment protocol
similar to that used in case 1 above was instituted. The DKA resolved after 36 hours of
commencement of treatment and she was switched to subcutaneous insulin. The blood
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glucose concentration ranged from 9-18.5mmol/L while on admission. She was
subsequently discharged home on the 13" day after admission on premixed insulin (70%
intermediate insulin plus 30% soluble insulin) at 1.2Units/kg/day. She was subsequently lost
to follow-up.

Table 1. Summary of laboratory investigation results at the time of diagnosis of
diabetic ketoacidosis

Case 1

Laboratory investigations Results Comments
Blood glucose value 29.3mmol/L Hyperglycaemia
Glucose in urine Positive(3+) Proteinuria
Ketone bodies in urine Positive(2+) Ketonuria
Serum bicarbonate value 10mmol/L Severe acidosis
Steady-state packed cell volume 20-25% Good

Serum creatinine 1.3mg/dl Slightly elevated
Urine protein Negative No proteinuria
Malaria parasite Negative No parasitaemia
Blood culture No growth after 48 hrs  Sterile
Haemoglobin phenotype SS Sickle cell anaemia
Case 2

Blood glucose value 21.6mmol/L Hyperglycaemia
Glucose in urine Positive(2+) Glycosuria
Ketone bodies in urine Positive(2+) Ketonuria
Serum bicarbonate value 11mmol/L Moderate acidosis
Steady-state packed cell volume 21-24% Good

Serum creatinine 0.4mg/dl Low

Urine protein Negative No proteinuria
Malaria parasite Negative No parasitaemia

Blood culture

No growth after 48 hrs

Sterile

Haemoglobin phenotype SS Sickle cell anaemia

3. DISCUSSION

In this case report, we present the case of two Nigerian adolescents (one female and one
male) with homozygous sickle cell anaemia and concurrent diabetes mellitus who presented
with diabetic ketoacidosis (DKA). In both cases, the diagnosis of SCA was based on the
presence of SS haemoglobin phenotype with anaemia while the diagnosis of DKA was
based on the presence of hyperglycaemia, ketonuria, glycosuria and acidosis. The diagnosis
of DKA in the case reported by Mohopatra [9] was based on the similar criteria as used in
the present report. The differential diagnosis of DKA include acute salicylic acid poisoning.
Neither of the two patients complained of pain in any part of the body or had any evidence of
sickle cell anaemia crises. In both cases, they complained of excessive urination and
excessive thirst, both day and night. The additional laboratory findings of hyperglycaemia,
ketonuria and acidosis made the diagnosis of vaso-occlusive crisis unlikely. The negative
history of ingestion of acetyl salicylic acid (asprin) and presence of ketonuria negated the
diagnosis of acute salicylic acid poisoning. The absence of a family history of DM in the two
cases being reported here is not surprising. This observation is in keeping with the finding in
the case reported by Mohopatra [9]. The steady state packed cell volume of 20-25% (6.7-
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8.3¢g/dl) is relatively low but it is not surprising. It is a common clinical characteristics of
patients with sickle cell anaemia in the setting where we practice.

Although our search of the literature revealed that more than three decades ago, two cases
of concurrent SCA and diabetes mellitus (DM) involving Nigerian adolescents were reported;
none of the two cases had diabetic ketoacidosis (DKA) at the time of initial diagnosis [6,8],
representing a point of difference in relation to the present report. The rarity of concurrence
of SCA and diabetes mellitus is reflected in the paucity Nigerian studies on the subject,
despite the high prevalence of SCA gene among the populace. In India, in 2005, Mohopatra
reported the first case of concurrent SCA and DKA [9]. The case was a known SCA patient
who was diagnosed at the age of 12 years but presented at the age 17 years with abdominal
pain and was initially diagnosed as having vaso-occlusive crises. She did not have a family
history of DM. However, routine investigation revealed hyperglycaemia (fasting blood
glucose 29.4mmol/L, 530mg/dl), ketonuria and acidosis, indicating DKA. This missed
diagnosis reflect that the clinical features DKA may mimic those of vaso-occlusive crisis,
suggesting the need to measure blood glucose level in all children and adolescents
presenting with features of vaso-occlusive crisis. In this way, such missed diagnosis will be
avoided and appropriate therapy instituted prompily.

A review of the literature revealed lack of published population-based studies that
determined the relative prevalence of diabetes among patients with SCA in the tropics.
However, it seems that the SCA population enjoys relative ‘protection’ from diabetes.
Theoretical mechanisms which have been suggested to explain this observation include low
body mass index (BMI), hypermetabolism and genetic factors [5]. It is well established that
SCA is associated with a consistent pattern of anthropomorphic findings characterized by
low lean body mass and fat mass [16]. Considering that a high BMI is a known risk factor for
the development of type 2 diabetes [17], individuals with a low BMI and fat mass should
enjoy a relative ‘protection’ from T2DM. The two patients being reported here had low body
mass indices. The effect of chronic illness, anaemia, increased cardiac workload,
hyperactive erythropoiesis, increased protein turnover and inflammatory and oxidative stress
all contribute to the hypermetabolic state in SCA [18,19]. On the other hand, it has been
postulated that the paucity of reports of cases of concurrent SCA with DM may suggest that
majority of patients with SCA died early, therefore, relatively small number of patients
survived for the clinical manifestation of diabetes [6]. However, this view is challenged by the
knowledge that, in India and Saudi Arabia where SCA with the Asian haplotype which is less
severe and associated with a longer survival than the African haplotype, the co-existence of
the two conditions is still rare. A significant proportion of patients with Asian haplotype
survive beyond 30 years of age [3]. Despite the longer survival, concurrent SCA with DM has
been rarely reported from India [3,4], suggesting that other unknown factors might be
responsible for the rare association of the two clinical conditions. Morrison et al. [2]
postulated that genetic factors may play a role in this rare combination. They supported the
hypothesis with the fact that both the B-globulin and the insulin genes are located in the
short arm of chromosome 11 [15,16]. However, it is not known with certainty whether the
genetic loci of insulin and B-globulin have any inhibitory effect on inheritance pattern or
penetrance of the other. This is a subject for future investigation. Sheehan et al. [20]
reported the occurrence of pancreatitis in a three-year old black girl with SCA following vaso-
occlusive crisis. This phenomenon could lead to damage to the pancreas with subsequent
fibrosis and ultimately, a decrease in insulin production, leading to development of DM. Iron
overload due to multiple blood transfusions can result in islet 3-cell damage and decreased
insulin production [21]. However, the absence of a history of previous multiple blood
transfusions in our patients excluded such possibility. In this regard, the situation in tropical

4008



British Journal of Medicine & Medical Research, 4(22): 4004-4010, 2014

countries with limited resources might differ from that in affluent countries where blood
transfusions are more widely used to palliate the anaemia in sickle cell disease [7].

The disease burden of concurrent existence of two chronic diseases needs to be
considered, particularly as the families of our patients were in the low socio-economic class.
The diagnosis of SCA alone has profound implications for the individual and the family, both
from a medical and a financial standpoint. An additional disease burden of DM will be
devastating, not only for the patient, but also to the family. The two patients described in this
report have been lost to follow-up and their fate is unknown. The financial burden to their
families may have been a key factor in the observed loss to follow-up. The fact that both
patients were lost to follow-up, indicate a high rate of loss to follow-up in the setting where
we practice. This is a common scenario and represents one of the challenges encountered
in the management of chronic diseases in developing countries.

4. CONCLUSION

In conclusion, although concurrent homozygous SCA and DKA is rare, it does occur in
Nigerian children and adolescents. It is, therefore, reasonable to suggest that fasting blood
glucose should be determined in all patients presenting with vaso-occlusive crises to exclude
concurrence DKA, thereby guiding appropriate management.
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