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ABSTRACT 
 

Aim: To determine indices of insulin sensitivity and oral disposition index (DIo) derived 
from 30 min of glucose challenge in adults with sickle cell anaemia; a group in whom 
there is chronic inflammation. 
Study Design: Case-controlled study. 
Place of Study: Department of Chemical Pathology and Department of Haematology, 
University of Ibadan/University College Hospital, Ibadan, Nigeria. 
Methodology: Twenty five (25) adults with sickle cell anaemia (SCA) in steady state and 
25 age, sex and body mass index (BMI) matched healthy individuals with HbAA 
genotype were recruited into this study. After an overnight fast of about 10 hr, 5 ml of 
venous blood was obtained from each participant for the determination of plasma 
glucose and serum insulin. Thereafter, each subject underwent a 75-g oral glucose 
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tolerance test and at 30min, 5ml of venous blood was obtained for the determination of 
plasma glucose and serum insulin. Serum insulin was determined using ELISA while the 
plasma glucose was estimated using glucose oxidase method and indices of insulin 
sensitivity and β-cell function were calculated appropriately. Differences between 
variables with Gaussian distribution were determined using independent Student’s t-test 
while Mann-Whitney U was used for the non-Gaussian variables. P-values less than 0.05 
were considered significant. 
Results:  The mean fasting plasma glucose (FPG) was within the normal limit but was 
significantly lower in subjects with SCA compared with controls. All other indices of 
insulin sensitivity (insulinogenic index, fasting insulin resistance index, modified Matsuda 
index of insulin sensitivity and insulin secretion/insulin resistance index) and oral 
disposition index (DIo) were similar in both groups. 
Conclusion: It could be concluded from this study that SCA subjects have a similar 
insulin sensitivity status with HbAA subjects. This suggests that SCA subjects might not 
be more predisposed to the development of type 2 diabetes mellitus than those with 
HbAA despite the chronic inflammation associated with the former. 
 

 
Keywords: Insulin sensitivity; oral disposition index; sickle cell anaemia; type II diabetes 

mellitus. 
 
1. INTRODUCTION 
 
Clinical experience in tropical countries with high prevalence of sickle cell anaemia (SCA) 
indicates that the concurrence of SCA with diabetes mellitus (DM) is not common. A Multi-
Centre Study of Iron Overload reported that diabetes mellitus affects 2% of patients with 
SCA [1] while a number of studies failed to detect a single case of diabetes mellitus among 
patients with sickle cell anaemia [2]. A couple of studies reported concurrence of type 1 DM 
with SCA [3-5] however; there is little information on SCA concurrence with type 2 DM.  
 
Reports have shown that there is a clear pathophysiologic role for inflammatory mediators in 
the initiation and progression of SCA complications [6]. This inflammation is triggered by the 
abnormal erythrocyte membrane and the presence of chronic haemolysis. Furthermore, 
many lines of evidence have shown that chronic activation of intracellular pro-inflammatory 
pathways within insulin target cells can lead to insulin resistance [7]. This occurs through 
phosphorylation of certain serine residues on insulin receptor, a major mechanism through 
which insulin signaling is negatively regulated by inflammatory mechanisms [8,9]. Despite 
the reported persistent chronic inflammation in patients with sickle cell anaemia [10,11] and 
the role of inflammatory cytokines in slow damage of the β-cell and insulin resistance [8,12], 
prevalence of diabetes mellitus is still reported to be very low among patients with sickle cell 
anaemia. 
 
Over the years, various indices of insulin sensitivity and resistance obtained from both 
steady state (fasting) and dynamic testing have been used to predict the future development 
of type 2 diabetes mellitus (T2DM) and in the management of individuals with T2DM. These 
include the euglycaemic clamp [13], homeostasis model assessment-estimated insulin 
resistance (HOMA-IR) [14], quantitative insulin sensitivity check index (QUICKI) [15], 
Matsuda index of insulin sensitivity [16], oral disposition index (DIO) [17], insulinogenic index 
of β-cell function [18] and insulin secretion/insulin resistance index [19] among others.  
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Future development of T2DM has been predicted in different cohorts (such as first degree 
relatives of T2DM patients) using these indices [20]; no such information is available in 
subjects with SCA. Due to recent advances in the management of SCA subjects culminating 
in improved quality of life and longer life expectancy, it is desirable to assess their risk of 
developing T2DM. This study therefore, determined oral disposition index (DIo) and selected 
indices of insulin sensitivity obtained from 30 min of oral glucose challenge in adult Nigerians 
with sickle cell anaemia.  
 
2. MATERIALS AND METHODS 
 
2.1 Subjects 
 
Fifty participants comprising 25 adults (12males, 13females) with SCA in steady state and 
25 age, sex and body mass index (BMI) matched healthy individuals (12 males, 13 females) 
with HbAA genotype were recruited into this study. The SCA subjects were recruited from 
the Haematology Day Care Unit, Department of Haematology, University College hospital, 
Ibadan. 
 
2.2 Inclusion Criteria  
 
Steady state was defined as absence of acute complicating factors or acute clinical 
symptoms or crisis requiring blood transfusion for at least three months. This was 
established by a careful history and complete physical examination.  
 
2.3 Exclusion Criteria 
 
Excluded from the study were subjects with other forms of genotype apart from HbSS and 
HbAA (this was confirmed through haemoglobin electrophoresis), diabetes mellitus, 
hypertension, human immunodeficiency virus (HIV), hepatitis, cancer and established 
endocrine dysfunctions. Pregnant and lactating mothers, SCA subjects in any form of crisis 
and obese individuals were also excluded from this study. 
 
2.4 Data collection 
 
Drug history, family history of DM and/or hypertension, and frequency of blood transfusion 
were obtained using a short structured questionnaire.  
 
2.5 Blood Pressure and Anthropometric Measurement 
 
Height (m) was taken using a Stadiometer while body weight (kg) was taken using a body 
weight weighing scale with the subject wearing light clothing and without shoes. Body mass 
Index (BMI) was calculated as the ratio of weight (kg) to the square of height (m2). 
Percentage body fat was determined using bioelectric impedance method (Omron BF300, 
UK). Blood pressure (BP) was obtained using a Mercury Sphygmomanometer after at least 
10minutes of rest.  
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2.6 Sample Collection 
 
After an overnight fast of about 10 hrs, 5 ml of venous blood was obtained from each 
participant. About 2 ml of each sample was dispensed into fluoride oxalate bottles while 3 ml 
was dispensed into plain bottles. Thereafter, a standard 75-g oral glucose tolerance test 
according to World Health Organization (WHO) criteria was performed on all the subjects 
and at 30mins, 5ml of venous blood was obtained and dispensed into fluoride oxalate and 
plain sample bottles as earlier stated. Plasma and serum were appropriately obtained and 
stored at -20ºC and -70ºC respectively until analyses were done.  
 
2.7 Laboratory Analysis 
 
Serum level of insulin was determined using ELISA (Genway Biotechnology, USA) following 
the manufacturers’ instructions while the plasma glucose was estimated using glucose 
oxidase method. Standard method was used for the determination of packed cell volume 
(PCV) while total white blood cell count (WBC) was determined using Turk solution. 
 
2.8 Ethical Approval 
 
The study was approved by the University of Ibadan/University College Hospital (UI/UCH) 
Joint Ethics Review Committee (UI/EC/12/0194). Also, written informed consent was 
obtained from each participant. 
 
2.9 Calculation of Indices of Insulin Resistance/Sensitivity 
 
a. Computer-based homeostatic model assessment (HOMA) index of insulin sensitivity 

(HOMA-S%), computer-based homeostatic model assessment (HOMA) index of beta-
cell function (HOMA-B%), and computer-based homeostatic model assessment (HOMA) 
index of insulin resistance (IR) were calculated using homeostasis model assessment-2 
(HOMA-2) calculator (www.dtu.ox.ac.uk/homa). 

b. Homeostasis model assessment-estimated insulin resistance (HOMA-IR) was calculated 
as the product of fasting insulin and fasting glucose divided by 22.5  

c. Quantitative Insulin Sensitivity Check Index (QUICKI) was calculated as 1/[log I0 (µU/ml) 
+ log G0 (mg/dl)] 

d. Insulinogenic index (IGI) [18,21] was estimated as the change in insulin divided by 
change in glucose from 0 to 30 min (∆ insulin0–30 min/∆ glucose0–30 min).  

e. 1/FI was calculated as the reciprocal of fasting insulin 
f. Fasting insulin resistance index (FIRI) was calculated as (fasting glucose × fasting 

insulin)/25.  
g. Modified Matsuda index [16] was calculated as10,000/ [(GfastingxIfasting) x (GOGTT x 

IOGTT)], where fasting glucose and insulin data are taken from time 0 of the OGTT and 30 
min after a 75g glucose load. The square root is used to correct for nonlinear distribution 
of insulin, and 10,000 is a scaling factor in the equation. 

h. Insulin secretion/insulin resistance index was calculated as the product of IGI and 
modified Matsuda index [19]. 

i. Oral disposition index (DIO) was calculated as the product of 1/fasting insulin × IGI (∆I0–

30/∆G0–30) [17]. 
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2.10 Statistical Analysis  
 
Statistical analysis was done using SPSS version 17.0. The distribution of the data was 
assessed using histogram with normal curve. Results are presented as mean ± standard 
deviation or as median (interquartile range) for Gaussian and non-Gaussian distributed data 
respectively. Differences between variables with Gaussian distribution were determined 
using independent Student’s t-test while Man-Whitney U was used for the non-Gaussian 
variables. P-values less than 0.05 were considered significant. 
 
3. RESULTS 
 
In Table 1, the mean pulse and WBC were significantly higher while PCV was significantly 
lower in subjects with sickle cell anaemia (SCA) compared with the control group. Body fat, 
BP and BMI were similar in both groups.  
 
In Table 2, the mean fasting plasma glucose (FPG) was significantly lower in SCA subjects 
compared with controls. DIo and all other indices of insulin sensitivity obtained from the 
steady state (fasting) and dynamic testing were similar in both groups. 
 
Figs. 1 and 2 showed the hyperbolic relationship between HOMA-B and HOMA-S in SCA 
and controls. The SCA subjects and the controls had similar hyperbolic curves.  
 

Table 1. Characteristics of the study participants 
 

 SCA (n = 25) Controls (n = 25) P-value 
Age (years) 31.60±8.42 28.68±6.71 0.181 
Body Weight (Kg) 53.22±7.30 52.74±3.39 0.896 
Height (m) 1.62±0.07 1.66±0.09 0.074 
BMI (Kg/m2) 20.42±2.78 20.96±2.83 0.500 
Body fat (%) 20.84±7.04 21.31±8.65 0.836 
Systolic BP (mmHg) 111.20±11.66 109.20±9.09 0.502 
Diastolic BP (mmHg) 72.00±8.66 71.40±6.54 0.783 
Pulse (beats/min) 77.96±9.58 69.72±5.43 0.000* 
PCV (%) 21.28±3.84 36.24±3.71 0.000* 
WBC (106/µL) 9476.00±3136.52 3688.00±876.70 0.000* 

*Significant at P<0.05, BMI=body mass index, BP=blood pressure, PCV=packed cell volume, 
WBC=total white blood count 
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Fig. 1. Hyperbolic curve for SCA subjects plotted for HOMA-B% vs HOMA-S% 
 

 
 

Fig. 2. Hyperbolic curve for the control subjects plotted for HOMA-B% vs HOMA-S% 
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Table 2. Indices of insulin sensitivity and β-cell function in subjects with sickle cell 
anaemia (SCA) and controls 

 
 SCA (n=25) Controls (n=25) P-value 
FPG (mg/dL) 78.84±8.89 85.64±10.42 0.019* 
30min PG (mg/dL) 115.27±21.38 110.30±19.84 0.399 
Fasting insulin (pmol/L) 85.42(51.05-112.86) 102.79 (52.09-131.26) 0.426 
30min insulin (pmol/L) 188.21(130.57-259.40) 212.52 (159.04-255.23) 0.265 
Surrogates derived from steady state (fasting) condition 
1/FI (pmol/L)-1 0.01 (0.01–0.02) 0.01 (0.01–0.02) 0.367 
HOMA-B (%) 159.00 (126.00-220.40) 144.60 (114.20-210.15) 0.621 
HOMA-S (%) 65.70 (50.00-109.85) 54.00 (41.95-114.15) 0.327 
IR 1.50 (0.90-2.00) 1.90 (0.90-2.40) 0.336 
QUICKI 0.34 (0.33–0.36) 0.33 (0.31–0.37) 0.184 
HOMA-IR 2.31 (1.37–2.92) 2.89 (1.33–3.96) 0.184 
Log HOMA-IR 0.32±0.23 0.37±0.33 0.485 
FIRI 37.50 (22.22-47.35) 46.89 (21.47-64.15) 0.184 
Surrogates derived from dynamic testing (OGTT) 
IGI (pmol/mmol) 55.00 (27.09–246.32) 54.57 (26.01–115.34) 0.426    
Modified Matsuda 6.62±3.10 5.92±2.35 0.372 
Insulin secretion/insulin 
resistance  index     

3.11 (1.05-4.52)                 2.63 (1.36-11.32)                        0.607 

DIo (mM-1) 0.77 (0.25–4.17) 0.73 (0.28–1.82) 0.677 
*Significant at P<0.05, FPG=fasting plasma glucose, PG=plasma glucose, FI=fasting insulin, 

%B=homeostasis model assessment-B (HOMA-B), %S=homeostasis model assessment-S (HOMA-S), 
IR=insulin resistance, FIRI=fasting insulin resistance index, IGI=insulinogenic index, DIo = Oral 

disposition index 
 
4. DISCUSSION 
 
Metabolic and endocrine disorders as well as evidence of insulin resistance have been 
reported in subjects with SCA [1,22].  Adekile et al. [23] showed that children with sickle cell 
anaemia have marginally higher glucose intolerance. Similarly, Alsultan et al. [24] reported 
that fasting blood glucose, insulin and some surrogates derived from steady state (fasting) 
condition were significantly elevated in SCA subjects compared to the controls.  
 
In this study, the FPG of SCA subjects was within the normal range (≥60mg/dl but <100 
mg/dl) but was significantly lower when compared with the controls. The reason for our 
observed lower FPG in SCA subjects is not immediately clear as our observation contradicts 
the report of Alsultan et al. [24] which showed elevated FPG (although still within the normal 
range) in SCA subjects. Although their subjects and ours were in steady state and did not 
receive blood transfusion in the previous three months, subject selection as well as duration 
of overnight fast might be responsible for the discrepancies observed.  
 
Oral disposition index (DIo) is a composite measure of β-cell function which has been used 
to predict future development of T2DM independent of other risk factors including fasting and 
2-h glucose concentrations [25]. In a 10-year follow up study, Utzchneider et al. [17] showed 
that subjects who progressed to T2DM had a lower DIo compared with the non-progressors. 
This suggests that higher DIo is a good indicator of decreased risk of T2DM. After confirming 
the hyperbolic relationship between HOMA-B and HOMA-S in both SCA subjects and 
controls (Figs. 1 and 2), it was observed that DIo was not significantly different in SCA 



 
 
 
 

British Journal of Medicine & Medical Research, 4(31): 4972-4981, 2014 
 
 

4979 
 

subjects compared with the controls. However, SCA subjects had a slightly higher level of 
DIo compared with the controls. This observation could indicate that SCA subjects might 
enjoy some form of protection from T2DM.  
 
Despite a better understanding of insulin resistance and β-cell dysfunction, as well as 
improved methods of treating insulin resistance, prevention of T2DM on a global scale is still 
a public health problem [26]. Therefore, prevention of T2DM requires an insight into the 
underlying differences between subgroups at risk such as SCA subjects who are exposed to 
chronic inflammation even, in the steady state [11,26]. In this study, SCA subjects have 
comparable insulin sensitivity status with the control subjects. This probably, indicates that 
the SCA-associated chronic inflammation does not make individuals with SCA more prone to 
T2DM or perhaps, the SCA-associated inflammation does not directly cause insulin 
resistance as seen in obesity-induced insulin resistance where chronic inflammation has 
been implicated. Therefore, studies that will reveal the interplay between chronic 
inflammation and the insulin homeostasis in SCA subjects are required. 
 
It must be noted that small sample size was a major limitation of this study. Therefore, there 
is need for a prospective larger population study to further elucidate the interplay between 
inflammation, insulin sensitivity and risk of T2DM in SCA subjects. Lack of information on 
ferritin level in the SCA subjects is another limitation of this study. 
 
5. CONCLUSION 
 
It could be concluded from this study that SCA subjects have relatively lower fasting plasma 
glucose but a comparable status of insulin sensitivity and β-cell function compared with 
HbAA subjects.  These observations suggest that subjects with sickle cell anaemia do not 
seem to be more predisposed to the development of type 2 diabetes mellitus despite the 
prevailing chronic inflammation. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing interests exist. 
 
REFERENCES 
  
1. Fung EB, Harmatz PR, Lee PD, Milet M, Bellevue R, Jeng MR, Kalinyak KA, Hudes M, 

Bhatia S, Vichinsky EP. Multi-Centre Study of Iron Overload Research Group. 
Increased prevalence of iron overload associated endocrinopathy in thalassaemia 
versus sickle cell disease. Br J Haematol. 2006;135:574–582. 

2. Morrison JC, Schneider JM, Kraaus AP, Kitabchi AE. The prevalence of diabetes 
mellitus in sickle cell haemoglobinopathies. J Clin Endocrinology and Metabolism. 
1979;48:192-195. 

3. Reid HL, Photiades DP, Oli JM, Kaine W. Concurrent sickle cell disease and diabetes 
mellitus. Trop Geogr Med. 1988;40:201-4  

4. Reid HL, Ene MD, Photiades DP, Famodu AA. Insulin-dependent diabetes mellitus in 
homozygous sickle cell anaemia. Trop Geogr Med. 1990;42:172–173. 

5. Mohapatra MK. Type 1 diabetes mellitus in homozygous sickle cell anaemia. J Assoc 
Physicians India. 2005;53:895–896. 

6. Kaul DK, Hebbel RP. Hypoxia/reoxygenation causes inflammatory response in 
transgenic sickle mice but not in normal mice. J Clin Invest. 2000;106:411-420. 



 
 
 
 

British Journal of Medicine & Medical Research, 4(31): 4972-4981, 2014 
 
 

4980 
 

7. Schenk S, Saberi M, Olefsky JM. Insulin sensitivity: modulation by nutrients and 
inflammation. J Clin Invest. 2008;118:2992–3002. 

8. Hotamisligil GS, Peraldi P, Budavari A, Ellis R, White MF, Spiegelman BM.1996. IRS-
1-mediated inhibition of insulin receptor tyrosine kinase activity in TNF-alpha- and 
obesity-induced insulin resistance. Science. 1996;271(5249):665-668. 

9. Gual P, Le Marchand-Brustel Y, Tanti JF. Positive and negative regulation of insulin 
signaling through IRS-1 phosphorylation. Biochimie. 2005;87:99-109. 

10. Arnon B, Aviva P, Monir M, Imad T, Khalid K, Claudia S, Shay Y. High-sensitive C-
reactive protein (hs-CRP) level in patients with sickle cell anaemia. Haema.  
2005;8(3):462–464. 

11. Akinlade KS, Atere AD, Olaniyi JA, Rahamon SK, Adewale CO. Serum Copeptin and 
Cortisol do not Accurately Predict Sickle Cell Anaemia Vaso-occlusive Crisis as C-
reactive protein. PLoS ONE. 2013;8(11):e77913.  

12. Mandrup-Poulsen T. The role of interleukin-1 in the pathogenesis of IDDM. 
Diabetologia. 1996;39(9):1005-1029. 

13. Bergman RN, Prager R, Volund A, Olefsky JM. Equivalence of the insulin sensitivity 
index in man derived by the minimal model method and the euglycemic glucose 
clamp. J Clin Invest. 1987;79:790–800. 

14. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. 
Homeostasis model assessment: insulin resistance and beta-cell function from fasting 
plasma glucose and insulin concentrations in man. Diabetologia. 1985;28:412–419. 

15. Katz A, Nambi SS, Mather K, Baron AD, Follmann DA, Sullivan G, Quon MJ. 
Quantitative insulin sensitivity check index: a simple, accurate method for assessing 
insulin sensitivity in humans. J Clin Endocrinol Metab. 2000;85:2402–2410. 

16. Matsuda M, DeFronzo R. Insulin sensitivity indices obtained from oral glucose 
tolerance testing: comparison with the euglycemic insulin clamp. Diabetes Care. 
1999;22:1462–1470. 

17. Utzschneider KM, Prigeon RL, Faulenbach MV, Tong J, Carr DB, Boyko EJ, Leonetti 
DL, McNeely MJ, Fujimoto WY, Kahn SE. Oral disposition index predicts the 
development of future diabetes above and beyond fasting and 2-h glucose levels. 
Diabetes Care. 2009;32:335–341. 

18. Goedecke JH, Dave JA, Faulenbach MV, Utzschneider KM, Lambert EV, West S, 
Collins M, Olsson T, Walker BR, Seckl JR, Kahn SE, Levitt NS. Insulin response in 
relation to insulin sensitivity: an appropriate beta-cell response in black South African 
women. Diabetes Care. 2009;32(5):860-865. 

19. Muniyappa R, Lee S, Chen H, Quon MJ. Current approaches for assessing insulin 
sensitivity and resistance in vivo: advantages, limitations, and appropriate usage. Am 
J Physiol Endocrinol Metab. 2008;294:E15-E26. 

20. Cnop M, Vidal J, Hull RL, Utzschneider KM, Carr DB, Schraw T, Scherer PE, Boyko 
EJ, Fujimoto WY, Kahn SE. Progressive loss of beta-cell function leads to worsening 
glucose tolerance in first-degree relatives of subjects with type 2 diabetes. Diabetes 
Care. 2007;30(3):677-682. 

21. Bacha F, Gungor N, Arslanian SA. Measures of beta-cell function during the oral 
glucose tolerance test, liquid mixed-meal test, and hyperglycemic clamp test. J 
Pediatr. 2008;152:618–621. 

22. Smiley D, Dagogo-Jack S, Umpierrez G. Therapy insight: metabolic and endocrine 
disorders in sickle cell disease. Nat Clin Pract Endocrinol Metab 2008; 4(2):102-109. 

23. Adekile AD, Olusi SO, Oyebola DD. Oral glucose intolerance test in children with 
sickle cell anaemia. East Afr Med J. 1985;62(3):213-217. 



 
 
 
 

British Journal of Medicine & Medical Research, 4(31): 4972-4981, 2014 
 
 

4981 
 

24. Alsultan AI, Seif MA, Amin TT, Naboli M, Alsuliman AM. Relationship between 
oxidative stress, ferritin and insulin resistance in sickle cell disease. Eur Rev Med 
Pharmacol Sci. 2010;14(6):527-538. 

25. Retnakaran R, Qi Y, Goran MI, Hamilton JK. Evaluation of proposed oral disposition 
index measures in relation to the actual disposition index. Diabet Med. 
2009;26(12):1198-1203. 

26. Nolan JJ, Færch K. Estimating insulin sensitivity and beta cell function: perspectives 
from the modern pandemics of obesity and type 2 diabetes. Diabetologia. 
2012;55(11):2863-2867. 

 
© 2014 Akinlade et al.; This is an Open Access article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited. 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history.php?iid=590&id=12&aid=5226 
 


