International Journal of Science and Healthcare Research

Original Research Article

Vol.4; Issue: 4; Oct.-Dec. 2019

Website: www.ijshr.com
ISSN: 2455-7587

Assessment of Cormic Index in Sickle Cell Disease Subjects and Its
Association with Clinical Severity

Dr. Mainak Bardhan®, Ipsita Das?, Romesh Tiwari®, Dr Dnyanesh Amle*, Dr Debapriya Rath®

"House Surgeon, Pt JINM Medical College, Raipur (CG)
“Research Scholar, Department of Biochemistry, Pt INM Medical College, Raipur (CG)
*MBBS Final Year, Pt INM Medical College, Raipur (CG)
*Assistant Professor, Department of Biochemistry, AIIMS, Nagpur
*Assistant Professor, Department of Biochemistry, Pt JNM Medical College, Raipur (CG)

Corresponding Author: Dr Debapriya Rath

ABSTRACT

Sickle cell anemia is a complex
pathophysiologic single gene defect genetic
disorder with a wide spectrum in the severity of
the disease. Decomposing stature into its major
components is a useful strategy to assess
antecedents of disease, morbidity, and death in
adulthood. CORMIC INDEX is calculated as
(Sitting Height / Height) x 100. Leg length
relative to total body proportions is a good
indicator of overall growth reserve capacity of a
person or a group of people. Previous studies in
sickle cell patients have shown evidence of
growth failure and are associated with delayed
puberty. There is no study correlating growth
pattern in sickle cell disease patients with the
CORMIC index, in our study we tried to do this.
The main conclusion in which we arrived is that
“there is no significant correlation between the
severity of sickle cell anemia and Cormic
index”, however, sickle cell affects many
growth parameters i.e. height, weight, and
sitting height.

Keywords: Cormic index, Sickle cell Anemia,
Hydroxyurea, Chhattisgarh

INTRODUCTION

Sickle cell disease, one of the
world’s commonest single-gene disorders,
was first described by Herrick in 1910, who
linked his patients’ symptoms to abnormally
shaped erythrocytes in the blood. ™% Sickle
cell disease (SCD) is a highly variable
condition. B! It is caused by a mutation in

transversion) in the 6th codon of the B-
globin gene specifies the insertion of Valine
in place of Glutamic acid. !

India is known to be home of over
50 % of global sickle cell disease patients. ©!
The World Health Organization (WHO)
estimates that hemoglobinopathies cause
3.4% of deaths worldwide in children
younger than five years old (2008). In
addition to the close geographic correlation
between the frequency of the Haemoglobin
S gene in populations and the historic
incidence of malaria, evidence for the
partial resistance of carriers to all forms of
Plasmodium falciparum malaria has been
reported in many populations. 7]

Bone marrow infarction is a well-
recognized complication of sickle cell
disease. % Sickle cell disease is also
associated with an impaired oxygen delivery
system to skeletal muscle that could alter
the ATP production process. Exercise
induces intramuscular necrosis more in
sickle cell disease patients as compared to
those not having sickle cell disease. ™! SCD
also results in impaired muscle force
production and resistance to fatigue,
independent of muscle mass. SCD is also
associated with high fatigability when
exercise intensity is high. ' There is also
the presence of persistent red marrow in the
axial and appendicular skeleton, avascular
necrosis of femur head, bone infarcts, septic
arthritis and tubercular infection of bone in

the B-globin gene. An Adenine (A) to gscp. ™ scD is associated with
Thymine (T) substitution (GAG to GTG  microvessel rarefaction, decrease in
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capillary tortuosity, and widening of
microvessel diameter. There are also
changes in fiber type distribution, muscle
atrophy, an increase in satellite cell number,
and a decrease in the activity of creatine
kinase and several oxidative enzymes. %
As far as genetics are concerned, the
occurrence of osteonecrosis in sickle cell
disease patients is under the control of some
modifier  genes. BMP 6  (bone
morphogenetic protein) has been reported as
associated with osteonecrosis in sickle cell
anemia. ™! Osteoporosis (OP) and low bone
mineral density (BMD) or osteopenia is now
being recognized as a common bone
complication in both children and adults
with SCD. The prevalence of low BMD in
SCD ranges from 30 to 80%. 6! Cortical
infarction of the diaphyses of the long
bones, a well-documented complication of
sickle cell anemia in children, leads to gross
roentgenographic changes that have been
described by many workers. 2?2 Avascular
necrosis is an  important  chronic
complication of SCD in developed
countries. Hernigou et al (1991) recorded a
32.5% incidence of femoral head
involvement in 160 patients with either
homozygous or heterozygous SCD. Of this
80 % had pain and impaired function, with
secondary osteoarthritis in 30%; 16% had
undergone surgery. %!

Decomposing stature into its major
components is proving to be a useful
strategy to assess the antecedents of disease,
morbidity, and death in adulthood. [**27]
Human leg length (femur + tibia), sitting
height (trunk length + head length) and their
proportions, for example, (leg
length/stature), or the sitting height ratio
(sitting height/stature x 100), among others,
are associated with epidemiological risk for
overweight (fatness), coronary heart disease,
diabetes, liver dysfunction, and certain
cancers. #*!

Sitting  height when measured
alongside standing height can provide
information about the body’s relative
proportion. Some studies suggest that the
proportions of leg and trunk length can be

affected by socio-economic status and
growth in childhood. Impaired growth in
childhood reduces growth in a way that has
a disproportionate effect on leg length.
Individuals from the lower socio-economic
backgrounds, which would more likely
include individuals who are less well-
nourished and have a poorer diet, as a
consequence have a proportionately shorter
leg compared with  well-nourished
individuals from a higher socioeconomic
background.

Human beings follow a cephalo-
caudal gradient of growth, the pattern of
growth common to all mammals. A special
feature of the human pattern is that between
birth and puberty the legs grow relatively
faster than other post-cranial body
segments. (24

CORMIC INDEX is calculated as
(Sitting Height / Height) x 100. It defines
the percentage of total stature that is
comprised of head and trunk. The remaining
portion of the body will be the length of the
legs. The lower the CORMIC INDEX the
relatively longer the legs are.

CORMIC INDEX allows individuals
with different heights to be compared in
terms of the percentage of the body that is
composed of the relative length of legs.
Because it is Sitting Height dependent, this
measure can be overestimated in individuals
with high levels of gluteal-femoral fat,
therefore  underestimating the relative
contribution of the lower limb to total
stature. 1 There are international
references **! that allow the comparison of
any values and the conversion of CORMIC
INDEX raw data into percentiles and z-
SCOres.

Eveleth and Tanner published
data for body proportions and leg length,
estimated via the sitting height ratio, from
dozens of human populations, distributed
across most geographic regions of the

[28,29]

world. The CORMIC INDEX is a
commonly used measure of body
proportion.

Mean CORMIC INDEX  for

populations of adults varies from minimum
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values, i.e., relatively longest legs for
Australian Aborigines (CORMIC INDEX =
47.3 for men and 48.1 for women) to the
maximum CORMIC INDEX values, i.e.,
relatively shortest legs for Guatemala Maya
men and Peruvian women (CORMIC
INDEX = 54.6 and 55.8). **!

It has been shown experimentally
that mice and other non-human mammals
raised in warmer temperatures experience
greater bone tissue growth and longer limb
bones. The usual explanation for this is
greater vascularization, allowing for greater
oxygen and nutrient perfusion. ¥ lodine
deficiency during infancy and childhood
results in reduced leg length, especially the
distal femur, the tibia, and the foot. *!

Plasticity refers to the concept that
the development of the phenotype of an
organism is responsive to variations in the
quality and quantity of environmental
factors required for life. % Human growth
is highly plastic during the years of growth
and development, responding to the overall
quality of living conditions. ! From the
perspective of developmental plasticity, leg
length, both in terms of absolute size and
relative to total stature, is an indicator of the
quality of the environment for growth
during infancy, childhood and the juvenile
years of development. Improved
nutrition during infancy and childhood
result in a greater increase in Leg Length
than in total height or weight. **

The Reserve Capacity Hypothesis
posits that during human growth and
development, the somatic and cognitive
systems usually “overshoot” their minimally
necessary capacity for sustaining a life of
the individual. By overshooting this
necessary capacity, an individual has
reserve capacity which may be channelled
into greater growth, better health, more
successful  reproduction, social and
economic success, and lower rates of
senescence. Leg length relative to total
stature may be one indicator of overall

Previous studies of sickle cell
disease patients have demonstrated clear
evidence of growth failure, in terms of
height as well as weight in sickle cell
disease patients associated with delayed
puberty. In one study, the decline in growth
was unrelenting throughout childhood and
adolescence for males, especially for weight
and BMI, whereas for females, growth
status in length/height and weight declined
during childhood and some recovery
occurred with the onset of puberty. ¢!

There have been many studies about
growth and growth failure in sickle cell
disease, but studies correlating growth in
sickle cell disease patients with CORMIC
INDEX, which is a good tool for indicating
growth patterns have not been conducted
yet. Our study tried to correlate CORMIC
INDEX with growth in sickle cell disease
patients.

MATERIALS & METHODS

This was an  Observational,
analytical case-control study with cross-
sectional data collection conducted in the
Department of Biochemistry, Pt. J.N.M.
Medical College, Raipur, and Dr. B. R.
Ambedkar Memorial Hospital, Raipur and
OPD of Sickle Cell Institute Chhattisgarh,
Raipur.

Ethical clearance was obtained from
the Institutional Ethical Committee of Pt.
J.N.M. Medical College, Raipur C.G.
Subjects in this study includes the patients
with SCD, visiting the OPD of Sickle Cell
Institute Chhattisgarh, Raipur. Our study is
a continuous response Vvariable from
independent control and experimental
subjects with 1 control(s) per experimental
subject. They were divided in
Study groups:

Group 1-Haemoglobin SS subjects without
Hydroxyurea therapy (n=40)

Group  2-Haemoglobin ~ SS  subjects
undergoing Hydroxyurea therapy (n=40)
Group 3- Haemoglobin AS subjects (n=40)

reserve capacity of a person or a group of Group  3-Healthy  control subjects
people. 71 (Haemoglobin AA) (n=40)
Inclusion criteria:
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» Age 5 years to 15 years.

» Confirmed Haemoglobin SS by
electrophoresis and HPLC.

» Subjects who are in steady-state, that is,
absence of any crisis in the preceding
four weeks, no recent drop in the
hemoglobin level, and absence of any
symptoms or signs attributable to acute
illness.

» Children who were not taking
medications known to affect growth, for
example, steroids.

» Signed, informed
caregiver.

Exclusion criteria:

» Children with a congenital cardiac
abnormality, chronic renal disease, or
abnormal chest wall deformity or
chronic respiratory disorder.

Children with postural deformity.
Children  with a  history  of
cerebrovascular accident.
Sickle cell anemia patients with a
history of long-term transfusion therapy.
Refusal of consent.
ata collection

After obtaining informed written

consent from the guardian/ parents, a

detailed history of all the subjects

participating in the study was elicited and
their thorough clinical examination was
done.

5ml of peripheral venous blood was
obtained from each subject after overnight
fasting through phlebotomy. 2 ml of blood
was separated in a vial containing EDTA for

performing haematological test and rest 3

ml of blood without any anticoagulant was

used for performing biochemical test.

Biochemical tests: Biochemical analysis

was performed on ILAB 600 Clinical

chemistry analyzer, Werfen (Belgium) as

per manufacturer protocol Total bilirubin (T

bilirubin), conjugated/direct bilirubin (D

bilirubin), Aspartate transaminase (AST),

Alanine transaminase (ALT), alkaline

phosphatase (ALP), serum sodium and

potassium were performed.

Hematological tests: The diagnosis of the

of sickle cell disease (Haemoglobin SS),

consent of the

gv VvV VYV

sickle cell trait (Haemoglobin AS) and
normal controls (Haemoglobin AA) were
established by performing hemoglobin
electrophoresis  and  High-performance
liquid chromatography (HPLC) using
Haemoglobin  Variant ®  (Bio-Rad
Laboratories, Hercules, CA, USA).
Haematological analysis like haemoglobin
concentration, RBC  count, Mean
Corpuscular ~ Volume (MCV), Mean
Corpuscular Haemoglobin Concentration
(MCHC), Mean Corpuscular Haemoglobin
(MCH), Red blood cell Distribution Width
(RDW), Total Leukocyte Count (TLC),
Haematocrit and Platelet Count were
performed on Auto Haematology Analyzer
BC-3000 Plus (Mindray).

Measurement of height- Stadiometers are
devices specifically designed for the
accurate measurement of height, and when
used with care yield data of the highest
quality. All anthropometric measurements
were made by one observer. Stature was
measured with a stadiometer, with the
subject standing erect, heels together, and
line of vision directed horizontally.
Measurement of weight- Subjects’ weights
were measured barefooted and wearing light
clothing on a single bathroom weighing
scale.

Measurement of Sitting Height- Sitting
height was measured using the sitting-height
table, with the subject sitting with their back
straight, head in the sagittal plane positioned
in the Frankfort horizontal plane, the
shoulders relaxed and upper surface of the
thighs horizontal. A right angle was formed
between the thighs and the backs of the
calves. The head plate was brought into firm
contact with the vertex. Sitting height will
be measured from the vertex of the head to
the seated buttocks. The wvarious linear
measurements will be taken three times and
the mean will be recorded.

Derivation of Subischial Leg Length- It is
expressed as the difference between
height/length and sitting height.

Derivation of Body Mass Index- The body
mass index is expressed as weight in
Kg/height in metre® (Kg/m?).
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Derivation of CORMIC Index- It is
expressed as (Sitting height/height) x 100
Investigation (as described in sample
collection):

Solubility test

Haemoglobin Electrophoresis

HPLC

Routine hematology parameters

Routine biochemical parameters
Statistical Analysis

VVVVY

Kolmogorov-Smirnov analysis was used to
assess if the data was parametric or non-
parametric.  To  compare  frequency
distribution in various groups chi-square test
or Fischer’s exact probability tests were
used. To compare categorical variables in
various groups ANOVA followed by post
hoc Tukey’s HSD test were used. P-value
<0.05 are treated as statistically significant.
SPSS© for windows™ Vs 17, IBM™ Corp

A proper statistical analysis was
Data are

done at the end of the test.

expressed as meantS.D. and range

RESULT

)

NY excel™

and  Microsoft
Microsoft® Inc USA were used to perform
the statistical analysis.

2007,

Out of 160 patients who took part in the study majority(53.6%) were from 6 to 10years of age
group followed by 11 to 15years and </=5 years.

Group Total
Age (years) | HbSS (Without hydroxyurea) | HbSS (With hydroxyurea) | HbAS HbAA
</=5 4 2 1 0 7
10.0% 5.0% 2.5% 0% 4.4%
6-10 20 22 25 19 86
50.0% 55.0% 62.5% 47.5% 53.8%
11-15 16 16 14 21 67
40.0% 40.0% 35.0% 52.5% 41.9%
Total 40 40 40 40 160
100.0% 100.0% 100.0% | 100.0% | 100.0%

Table-1 Age distribution in study groups was compared using Chi-square test, no significant difference was found in the distribution

indicating that groups were matched for age distribution

Gender Total
Group F M
HbSS (Without hydroxyurea) | 26 14 40
28.3% | 20.6% | 25.0%
HbSS (With hydroxyurea) 20 20 40
21.7% 29.4% 25.0%
HbAS 18 22 40
19.6% | 32.4% | 25.0%
HbAA 28 12 40
304% | 17.6% | 25.0%
Total 92 68 160
100.0% | 100.0% | 100.0%

Table 2- Gender distribution in study groups was compared using Chi square test, No significant difference was found n the distribution

indicating that groups were matched for gender.

N Mean S.D. P value
No. of BT | HbSS (Without hydroxyurea) | 40 | 2.325 | 5.00967
HbSS (With hydroxyurea) 40 2.7 6.96217 | 0.004
HbAS 40 | O 0
HbAA 40 |0 0
Total 160 | 1.2562 | 4.43293
Table 3
Dependent Variable | (1) Group (J) Group Mean Difference (I-J) | Sig.
No. of BT HbSS (Without hydroxyurea) | HbSS (With hydroxyurea) | -0.4 1.0
HbAS 2.3 0.1
HbAA 2.3 0.1
HbSS (With hydroxyurea) HbAS 2.70000" 0.0
HbAA 2.70000" 0.0
HbAS HbAA 0.0 1.0
Table 4
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Table 3-4 Comparison of no. of blood transfusion was performed between study groups significant difference was found between frequency
of blood transfusions between groups. Further on post hoc analysis it was found that frequency of blood transfusion was significantly higher
in HBSS with hydroxyurea compared to HbAS and Hb AA (p<0.0001 for both).

N Mean | S.D P-Value
Height (cm) | HbSS(Without hydroxyurea) | 40 121.40 | 19.27
HbSS(With hydroxyurea) 40 124.22 | 16.86

HbAS 40 12150 | 9.21 | <0.0001
HbAA 40 134.30 | 1251
Total 160 | 125.36 | 15.75
Table 5
Dependent Variable | (1) Group (J) Group Mean Difference (I-J) | Sig.
Ht (cm) HbSS (Without hydroxyurea) | HbSS (With hydroxyurea) | -2.8 0.8
HbAS -0.1 1.0
HbAA -12.90000" 0.0
HbSS (With hydroxyurea) HbAS 2.7 0.8
HbAA -10.07500" 0.0
HbAS HbAA -12.80000" 0.0
Table 6

Table 5,6A comparison of mean height was performed between study groups significant difference was found in mean height between
groups. Further on post hoc analysis, it was found that mean height was significantly less in HBSS with hydroxyurea and Hb SS without
hydroxyurea therapy and HbAS compared to that in HbAA subjects (p<0.0001 for all).

N Mean | S.D P-Value
HbSS (Without hydroxyurea) | 40 | 62.58 | 10.46 | 0.003
HbSS (With hydroxyurea) 40 63.33 | 7.03

Sitting Height (cm) [ HbAS 40 | 64.78 | 5.53
HbAA 40 | 69.70 | 4.85
Total 160 | 65.09 | 7.74
Table 7
Dependent Variable | (1) Group (J) Group Mean Difference (I-J) | Sig.
Sitting Ht (cm) HbSS (Without hydroxyurea) | HbSS (With hydroxyurea) | -0.8 1.0
HbAS -2.2 0.5
HbAA -7.12500° 0.0
HbSS (With hydroxyurea) HbAS -1.5 0.8
HbAA -6.37500" 0.0
HbAS HbAA -4.92500" 0.0
Table 8

Table 7,8 Figure 2 A comparison of sitting height was performed between study groups significant difference was found between sitting
height in study groups. Further on post hoc analysis it was found that sitting height was significantly less HBSS with hydroxyurea and Hb
SS without hydroxyurea therapy and HbAS compared to that in HbAA subjects (p<0.0001 for all).

N Mean | S.D | P-Value
HbSS (Without hydroxyurea) | 40 | 22.20 | 8.96
HbSS (With hydroxyurea) 40 | 2243 | 7.63

Weight (Kg) | HbAS 40 | 19.85 | 4.11 [ <0.00001
HbAA 40 | 25.95 | 7.64
Total 160 | 22.61 | 7.56
Table 9
Dependent Variable | (1) Group (J) Group Mean Difference (1-J) | Sig.
Wt (Kg) HbSS (Without hydroxyurea) | HbSS (With hydroxyurea) | -0.2 1.0
HbAS 2.4 0.5
HbAA -3.8 0.1
HbSS (With hydroxyurea) HbAS 2.6 0.4
HbAA -3.5 0.1
HbAS HbAA -6.10000" 0.0
Table 10

Table 9,10, A comparison of weight was performed between study groups significant difference was found between mean weight of study
groups. Further on post hoc analysis it was found that mean weight was significantly lower in HbAS subjects compared to HbAA (p=0.001).
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N Mean | S.D | P-Value
HbSS (Without hydroxyurea) | 40 | 51.54 | 2.30
HbSS (With hydroxyurea) 40 51.15 | 1.86
Cormic index | HbAS 40 | 53.30 | 1.87 | <0.0001
HbAA 40 | 52.04 | 2.41
Total 160 | 52.01 | 2.26
Table 11
Dependent Variable | (1) Group (J) Group Mean Difference (I-J) | Sig.
HbSS (Without hydroxyurea) | HbSS (With hydroxyurea) | 0.4 0.9
HbAS -1.76500 0.0
HbAA -0.5 0.7
Cormic index HbSS (With hydroxyurea) HbAS -2.147507 0.0
HbAA -0.9 0.2
HbAS HbAA 1.26000 0.0
Table 12

Table 11,12:A comparison of cormic index was performed between study groups significant difference was found between cormic index of
study groups. Further on post hoc analysis it was found that cormic index was significantly lower in HbSS without hydroxyurea and HbSS
with hydroxyurea compared to HbAS (p<0.0001 for both). Also, Cormic index was significantly lower in HbAS subjects compared to

HbAA (p<0.0001).

DISCUSSION

CORMIC INDEX allows individuals
with different heights to be compared in
terms of the percentage of the body that is
composed of the relative length of legs 1!

There are international references %!
that allow the comparison of any values and
the conversion of CORMIC INDEX raw
data into percentiles and z-scores.

Cormic index was chosen because
other anthropometric parameters do not give
an appropriate amount of information about
development.

Study groups were matched for age
and gender and there was no significant
difference in age and gender between study
groups.

A comparison of mean height was
performed between study groups. A
significant difference was found in height

between groups. Mean height was
significantly less in Hb SS with
hydroxyurea and Hb SS  without

hydroxyurea therapy and Hb AS compared
with Hb AA subjects.

A comparison of weight was
performed between study groups; a
significant difference was found between
mean weight of study groups. It was found
that mean weight was significantly lower in
HbAS subjects compared to Hb AA.

A comparison of sitting height was
performed between study groups; a
significant difference was found between

sitting height in study groups. It was found
that sitting height was significantly less in
Hb SS with hydroxyurea therapy, Hb SS
without hydroxyurea therapy and Hb AS
compared to that in Hb AA subjects.

A comparison of Cormic index was
performed between study groups; significant
difference was found between Cormic index
of study groups. It was found that Cormic
index was significantly lower in Hb SS
without hydroxyurea and HbSS with
hydroxyurea compared to Hb AS, also
Cormic index was significantly lower in
HbAS subjects compared to Hb AA.
Correlation analysis of the severity of SCD
and Cormic index was performed using
Pearson’s  correlation  analysis.  No
significant correlation was found between
the two parameters.

CONCLUSION

In conclusion, it was found that
height, weight, sitting height, Cormic index
was significantly lower in subjects with Hb
SS with hydroxyurea, Hb SS without
hydroxyurea and Hb AS compared to that of
control group i.e. Hb AA. The correlation
between the severity of sickle cell disease
and Cormic index was not found to be
significant. Furthermore, studies can be
conducted to find correlation between
severity of sickle cell disease and other
anthropometric or biochemical parameters.
Improving the nutritional status and growth
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parameters could have a favorable impact

on

children with sickle cell

clinical course & prognosis of the
disease. The

findings of this study may help to take steps

in

improving  anthropometric  growth

parameters in children suffering from sickle
cell disease.
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