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Body Mass Index and Sexual Maturation in
Adolescent Patients with Sickle Cell Anaemia

CJ] Ozigbo*, KEO Nkanginieme *¥

Summary

Ozigbo CJ, Nkanginieme KEO. Body Mass Index and Sexual Maturation in Adolescent
Patients with Sickle Cell Anaemia. Nigerian Journal of Paediatrics 2003330:39.
Background: Sickle cell anaemia (SCA) is associated with delayed sexual maturation. The
Body Mass Index (BMI) or Quetelets Index 1s closely linked to events of puberty in normal
children. We have so far, found no reports on studies on the relationship between BMI and
puberty in patients with SCA.

Objectives: To evaluate sexual maturation in patients with SCA, and determine the influence
of BMI on the onset of sexual maturation.

Design: A cross-sectional study carried out in Port Harcourt, Rivers State, from June 1999 to
June 2000.

Patients and Methods: One hundred and twenty four adolescents with SCA as well as the
same number of matched normal controls wete evaluated. A structured questionnaire was.
used to obtain information on personal data and determinants of socio-economic class. Weight,
height (HT) and BMI were obtained and sexual maturation assessed.

Results: Fifty-seven (46.0 percent) males and 67 (54.0 percent) females with SCA as well as
their matched controls were evaluated. The mean age at onset of sexual maturation was 14.611.4
years for males with SCA and 12.1+1.3 years for the controls. Among the females, this was
14.2+1.7 years for the patients and 11.4%0.8 years for the controls. The observed differences
were statistically significant (P<0.05). The average BMI of SCA patients in Sex Maturity Rating
(SMR) 2 was also significantly higher (P<0.05) than the average values in SMR I for both sexes.
Conclusion: Sexual maturation is delayed in patients with SCA compared to matched controls.
The average BMI obtained at onset of sexual maturation (SMR 2) is significantly higher than
values obtained in the prepubertal stages (SMR I in both sexes. This suggests that, regardless
of chronological age, some increase in body fat and size, as reflected in BMI, is associated with
onset of sexual maturation in patients with SCA
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Introduction

SEXUAL maturation involves the transformation of a
sexually immature child into an adult capable of
reproductive functions as a result of a complex series
of hormonal events;' this is also referred to as puberty.
It is associated with physical, emotional, social and
psychological changes. The physical changes include
acceleration of growth rate, development of sex
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specific skeletal characteristics, alteration of body mass
and composition, as well as development of secondary
sexual characteristics and maturation of the
reproductive system.” The ages at which various puberty
changes are observed differ, depending on various
genetic and environmental influences.? Sickle cell
anaemia has been shown in many studies to be
associated with delayed sexual development.** Jimenez
et 4l in 1966, reported delayed sexual maturation in
thetr patients with SCA when they noted that ferales
showed no evidence of secondary sexual characteristics
by 13 years of age compared to controls, while males
by 15-17 years only showed the earliest evidence of
secondary sexual characteristics.* Emodi in her study
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at Enugu, also reported that by 11 years of age, only
10 percent of females with SCA had reached Sex
Maturity Rating (SMR) 2, for pubic hair development
compared to 50 percent of controls. By 14 years of
age, all females in her control group had achieved SMR
5, while only 50 percent of patients with SCA had
achieved this level of development by 16 years of age.®

The body mass index (BMI) or Quetelets Index is
an indicator of body fat and lean body mass, but has
the best correlation with body fat.” It is a better
indicator of body size than raw height or weight.®
Weight and BMI have been shown to be significantly
reduced in patients with SCA, with absence of the
marked increase in BMI which usually occurs at puberty
in normal children.” Body weight, height and BMI are
closely related to events of puberty in normal
children.’®' After an extensive literature search, we
found no studies on the relationship between BMI and
puberty in patients with SCA. This study is therefore,
designed to evaluate sexual maturation and body mass
index in patients with sickle cell anaemia.

UPTH using cellulose acetate paper for electrophoresis
in alkaline medium and all had HbSS electrophoresis.
The inclusion criterion was that the subjects must
include alladolescents (aged 1019 years)" with sickle
cell anaemia, confirmed by Hb electrophoresis, while
the exclusion criteria included the following: (1) any
adolescent with SCA who also has any other chronic
illness that might affect growth and development e.g
tuberculosis, chronic renal failure, or diabetes mellitus,
as obtained from the history, physical examination, and
case notes, and (i) any patient whose parents refused
to give consent.

For each enrolled patient, a structured questionnaire
was used to obtain information on personal data and
other determinants of socio-economic class. Socio-
economic class was assigned as upper, middle and lower
using the classification proposed by Olusanya ez 2/
The following were also obtained: weight, height, and

Table I

Age and Sex Distribution of Patients with Sickle cell Anaemia

Subjects and Methods p Ml Femal p
Tof.

This cross-sectional study was carried out in Port- ge (Years) aes emares o
Harcourt, Rivers State over a nine-month period, June 10 7 8 16
to November 1999 and April to June 2000. Ethical 11 6 7 13
clearance was obtained from the Ethical Committee 12 4 6 10
of the University of Port-Harcourt Teaching Hospital 13 5 7 12
(UPTH). Patients with sickle cell anaemia who met the 14 7 8 15
inclusion criteria were consecutively enrolled from the 15 7 7 14
sickle cell clinic and Haematology clinic of the UPTH, 16 7 7 14
as well as the sickle cell clinic of the Nigerian Ports .
Authority, Port-Harcourt. A total of 124 patients were 17 6 6 12
enrolled, although the minimum sample size required 18 4 5 9_
was 70, based on the formula:* n = pq/(E/1.96). The 19 4 6 10
haemaglobin genotype of all the subjects had been
predetermined in the haematological department of Total >7 67 124

Table I1A
Mean Ages of Males and SMR* Stages for Genitals
Patients (n = 57) Controls (n =57)
SMR ‘t' Value p
No. Mean Age + SD No. Mean Age + SD

(Genitals) (years) (vears)
Stage 1 26 122+ 22 9 103+ 0.5 417 <0.05
Stage 2 15 146+ 1.4 11 121+ 1.3 469  <0.05
Stage 3 7 164+ 1.5 10 137+ 1.0 416 <0.05
Stage 4 6 170+ 0.8 10 152+ 0.8 436  <0.05
Stage 5 3 187+ 0.6 17 16.8 + 1.2 420 <0.05

* Sex maturity rating
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Table IIB

Mgan Ages of Males in SMR Stages for Pubic Hair

Patients (n = 57)
SMR

Controls (n =57)

' Value P
No. Mean Age + SD No. Mean Age + SD
(Pubic Hair) (years) (years)
Stage 1 27 123+ 2.2 10 10.4 + 05 4.20 <0.05
Stage 2 14 147+ 13 10 122+ 13 460 . <0.05
Stage 3 7 164+ 15 9 137+ 1.0 4.10 <0.05
Stage 4 8 177+ 08 12 158 + 0.8 5.20 <0.05
Stage 5 1 19.0 + 0.0 16 167+ 1.0 9.20 <0.05
/M
L B N IILE I LI
10 12 14 16 8- 20 22
Age (years)
Controls -----------
Patients

Fig 1 Mean BMI by Age in Male Patients and Controls

BMTI’= Wt. (in Kg/Ht (in metres)®. The stages of sexual
maturation were assessed using the sex maturity rating
as proposed by Tanner. Descriptions and photographs
of the various stages were available for comparison.”
The controls for the study were students selected from
Community Secondary School, Okoro-nu-odu, Obio-
Akpor, Port-Harcourt. The students, matched for age,
sex, and socio-economic class with the patients, were
selected by stratified random s<~mpling. The

haemaglobin genotypes of the conttols were
determined as were their sex maturity ratings and BMI;
none had the SS genotype.

Results

One hundred and twenty four adolescents with sickle
cell anaemia were evaluated. Fifty-seven (46.0 percent)
were males and 67 were females. The same number of
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Table ITTIA

Mean Ages of Females in SMR Stages for Breast Development

Patients (n = 57)

Controls (n =57)

SMR Y Valwe p
(Breast) No. Mean Age  SD No. Mean Age + SD
(years) (years)
Stage 1 23 119+ 25 10 102+ 04 3.17 <0.05
Stage 2 16 144+ 1.8 11 116+ 07 5.63 <0.05
Stage 3 10 152+ 22 10 132+ 0.6 2.77 <0.05
Stage 4 11 161+ 1.9 10 143+ 05 3.03 <0.05
Stage 5 7 180+ 1.2 26 166+ 1.3 269 <0.05
Table IIIB
Mean Ages of Females in SMR Stages for Pubic Hair
Patients (n = 57) Controls (n =57)
SMR v Valne p
(Pubic Hair) No. Mean Age + SD No. Mearn Age + SD
(years) (years)
Stage 1 24 118+ 25 8 103+ 0.7 2.64 <0.05
Stage 2 18 142+ 17 13 114+ 08 6.11 <0.05
Stage 3 10 150+ 2.0 10 132+ 06 3.63 <0.05 -
Stage 4 11 16.7 + 14 11 146+ 05 4.69 <0.05
Stage 5 4 188+ 05 25 171+ 13 4.79 <0.05
Table IV
Mean BMI of Females and Males in SMR 1 and 2
SMR1I SMR 2 v Value p
Neo. Mean BM1/SD No. Mean BMI/SD

Females:  Pattents 24 13.44+0.9 18 15.4+0.8 7.62 <0.05

Controls 8 14.4+1.2 13 16.3+1.4 3.57 <0.05
Males:  Patients 26 14.2+0.8 15 150409 285  <0.05

Controls 9 15.3+1.1 11 16.8+1.2 291 <0.05

appropriately matched controls was also evaluated. The
age and sex distribution of the patients with SCA
patients is shown in Table 1. Tables ITA and IIB show
the mean ages of males in each SMR stage for the
genitals and pubic hair development, respectively. The
mean age of onset of sexual maturation in male patients
was 14.611.4 years for the genitals and 14.7+1.3 years
for pubic hair development. Among controls, onset

of maturation was noted at a mean age of 12.1%¥1.3
years for the genitals and 12.2+1.3 years for pubic hair
development. The mean ages of the male patients in
all SMR stages were significantly higher than those of
controls for both genitals and pubic hair development
(p <0.05). :
Tables IIIA and IIIB show the mean ages of
females at various SMR stages. Pubic hair development
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Fig 2: Mean BMI by Age in Female Patients and Controls

was the first sign of puberty observed in most females
atamean age of 14.211.7 years for patients with SCA,
and a mean age of 11.4 £ 0.8 years in the controls.
The mean ages of the female patients were significantly
higher than those of controls in all the SMR stages
(¢<0.05). The average BMI of males with SCA was
15.03 while that of controls was 19.15. The average
BMI of females with SCA was 15.03 while that of the
controls was 19.8. These differences were statistically
significant with “t” values of 9.48 and 9.23 respectively,
and p<0.05. Fig. 1 compares the BMI of male patients
and controls, while Fig. 2 compares that of the females.
There were no significant differences in BMI between
‘male and female subjects with SCA (P>0.05).

The influence of BMI on the onset of development
of genitals in males and pubic hair in females was
assessed since these were the first signs of sexual
maturation observed in the respective sexes. The
average BMI values of patients in the prepubertal stages
(SMR I were compared with those of patients at onset

_of puberty (SMR 2) for both males and females (Table
IV). The average BMI of subjects in SMR 1
(prepubertal) was significantly lower than those at onset
of puberty (SMR 2; p<0.05).

18 20 22

Age (years) | :

Discussion

The results obtained in the present series show that
both onset and completion of sexual maturation are
delayed in patients with sickle cell anaemia. These
findings are in keeping with earlier reports from both
within and outside Nigeria.*® The mean age at onset
of puberty observed in males with SCA in this study is
close to the mean age of 14.2+1.3 years reported earlier
by Olambiwonnu ez 2/’ The mean age at onset of
pubic hair development in males in this study is
however, lower than that reported by Oyedeji where
the earliest age of pubic hair development in males
was 20 years.* However, Oyedeji had only six males ~
aged 13 years and above, in his study population and
this may have limited his findings. The mean age of
completion of pubic hair development noted in this
study differs remarkably from that reported by Abassi
et a/ in which pubic hair maturation was uncompleted
even at a mean age of 26.6 years." Abassi ez @/ results
have been criticized for reflecting the bias of one with
a well known interest in hypogonadism; he may thus
have used a group of more severely affected patients.
Among the females, the delayed onset of sexual
maturation is also in keeping with the findings by
Emodi® who observed that by 13 years of age, only 40
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percent of the females with SCA had reached SMR 2
for breast development; this was unlike in the controls
where 50 percent of the females were already at SMR
4 at this age. Platt ¢z o/ reported median ages of 11.8
years and 12 years for the onset of breast and pubic
hair development, respectively.’®

The reason for the observed delay in sexual
maturation in patients with SCA have however,
remained elusive. Implicated factors include hormonal,
haematological, socio-economic, nutritional, medicare,
infections, trace elements and vitamin deficiencies.”
Weight, height, body mass index and body build may
also be contributory factors. Body mass index hasbeen
shown in this study to be significantly lower in patients
with SCA compared to controls. The lower BMI value
in patients with SCA is a reflection of their low body
fat. Italso reflects the greater increase in height than
weight usually seen in adolescents with SCA.

Our results have thus shown a significant relationship
between BMI and sexual maturation in patients with
SCA. The mean BMI in patients and controls at onset
of puberty (SMR 2) were significantly higher than the
mean BMI at the prepubertal stages (SMRI). This
tends to suggest that regardless of chronological age,
some increase in body fat, and thus size, may be
required for pubertal development to occur. This tends
to agree with the findings by Frisch and Revelle in
females,”® and by Eletu in males."! The effect of BMI
on sexual maturation will however, be best elucidated
in a longitudinal study.
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