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Factors affecting prepubertal growth in
homozygous sickle cell disease
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Graham Serjeant

Abstract
Objective-To investigate the role of hae-
matological indices, socioeconomic sta-
tus, and morbidity in prepubertal growth
in homozygous sickle cell (SS) disease.
Method- Height, weight, and haematol-
ogy were serially recorded in a cohort
study of 315 children with SS disease from
birth to 9 years at the sickle cell clinic of
the University Hospital of the West Indies,
Kingston, Jamaica.
Results- Height increment between 3 and
9 years correlated positively with total
haemoglobin at age 7 years in boys but not
girls. Attained height and weight at age 7
years correlated positively with haemo-
globin and fetal haemoglobin in boys but
not girls. Only the correlation between
haemoglobin and weight showed a signifi-
cant gender difference. Partial correlation
analysis suggested that the effect of hae-
moglobin was accounted for by the effect
of fetal haemolglobin and further analysis
indicated that height correlated with F
reticulocyte count (a measure offetal hae-
moglobin production) in both sexes but
not with the ratio of F cells to F reticulo-
cytes (a measure of F cell enrichment).
Growth was not significantly related to
mean red cell volume, proportional
reticulocyte count, a thalassaemia, socio-
economic status, or morbidity.
Conclusion-A high concentration of fetal
haemoglobin in boys with SS disease is
associated with greater linear growth. It is
postulated that in boys, low concentra-
tions of fetal haemoglobin increase
haemolysis and hence metabolic require-
ments for erythropoiesis, puffing them at
greater risk ofpoor growth. Differences in
the relationship of haematology and
growth between boys and girls with SS
disease dictate that future analyses of
growth take gender into account.
(Arch Dis Child 1996;74:502-506)
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Prepubertal growth in homozygous sickle cell
(SS) disease is generally slower than normal' 2
but the mechanisms of this retardation are
unknown. The Jamaican cohort study of sickle
cell disease has provided a representative
sample of over 300 children with SS disease
observed prospectively from birth and now all
aged over 10 years. The growth of these

children over the first 9 years has been assessed
in relation to haematological indices, socioeco-
nomic status, and clinical course to search for
possible influences on growth in children with
SS disease.

Methods
STUDY POPULATION
The patients attended the sickle cell clinic at
the University Hospital of the West Indies and
participated in a cohort study which included
all cases with sickle cell disease detected
among 100 000 consecutive, non-operative
deliveries at the main government maternity
hospital between June 1973 and December
1981. The present report is confined to SS
children with observations on growth for at
least the first seven years. Of the 315 SS
children detected, four failed to be recruited to
the study, one defaulted at 11 days, 47 died,
and four emigrated before their 7th birthday. A
further 18 (16 with cerebrovascular accidents,
one with mental retardation, and one with sys-
temic lupus erythematosis) were excluded
because other factors may have influenced
growth. The final study group included 241
children, although data in all children were not
available for all analyses. The diagnostic
techniques and methods of follow up have
been described.3 4

GROWTH
Heights and weights were measured at three
month intervals coinciding with birthdays by
methods described elsewhere.5 The selected
indices of growth were the attained height,
weight, weight/height, and weight/height2 and
their relationship with haematology was analy-
sed at ages 3, 5, and 7 years, although only the
more complete data available at 7 years are
presented. Prepubertal growth was also de-
picted as the increment in height between 3-9
years, an age range selected because of the less
reliable growth measurements and the more
rapid age related changes in steady state
haematology before age 3 years and the
confounding effects of the pubertal growth
spurt after age 9 years. Computer generated
curves for height against age were used to
identify and appropriately edit outlying values,
which were usually due to transposition of fig-
ures. No explanation could be found for aber-
rant height values in 173 (0.6%) of approxi-
mately 27 000 observations so these were
excluded from the analysis. The contribution
of parental height to linear growth in SS
disease could not be assessed as protocols did
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Table 1 Distributions ofsome indices in SS disease at age 7years

Boys Girls
Significance

No Median (range) No Median (range) p (value)t

Height (cm) 113 117.0 (104.5-127.4) 106 117.9 (106.7-131.3) 0.39
Weight (kg) 113 19.7 (14.4-24.7) 105 19.1 (14.1-25.7) 0.075
Weight/height (x 100) 113 16.6 (13.8-19.6) 105 16.2 (13.0-20.3) 0.007
Weight/height2 (x 100) 113 14.1 (12.1-16.2) 105 13.9 (11.6-16.0) 0.0003
Haemoglobin (g/l)* 93 74 (56-103) 80 80 (57-106) 0.006
Haemolysate fetal haemoglobin (%)* 71 5.9 (0.3-26.2) 65 6.1 (0.9-21.0) 0.48
Socioeconomic score 92 12.0 (2-18) 91 11.0 (1-18) 0.12

* Haematology at nearest steady state visit but within six months of 7th birthday.
t Significance by Mann-Whimey U test.

not collect data on parental height and this
would have been very incomplete because of
the high frequency of single parent or adopted
families.

HAEMATOLOGY
Venepuncture blood samples were taken every
six months or more often if clinically indicated.
Haematological indices, including total hae-
moglobin and mean cell volume, were mea-
sured on a Coulter S plus 4 (Coulter Electron-
ics) and reticulocyte counts by standard
microscopic methods. Fetal haemoglobin was
determined annually by alkali denaturation6
and F cells and F reticulocyte counts as
described by Dover et al,7 in a subgroup of
steady state patients. The number of a globin
genes was determined in 232 children available
to the study after 1976. Only haematological
indices taken during visits when the children
were clinically well, excluding values for three
months after a blood transfusion, were used in
analyses.

MORBIDITY
Disease severity was assessed as the number of
specific clinical events (hospital admissions,
sickle cell clinic visits, painful crises, and
episodes of acute chest syndrome, acute
splenic sequestration, or hypersplenism) before
the age of 7 years. The arbitrary nature of this
assessment is recognised but no single index
was ideal, and it was felt that the combination
of indices gave a better approximation of over-
all morbidity. Furthermore these data were
reasonably accurate and complete as patients
had relied almost exclusively on the sickle cell
clinic for their medical care from birth.
Morbidity data were collected by recording

all clinical events at each clinic visit with recall
of events between visits. The painful crisis was
defined as bone pain severe enough to limit
activity, acute chest syndrome as a history of
cough and fever with clinical and/or radiologi-
cal evidence of pulmonary consolidation, and
acute splenic sequestration (ASS) and hyper-
splenism as previously described.! In the
analyses, all episodes of a clinical event occur-
ring within seven days were assumed to repre-
sent a single event. The distribution ofnumber
of events up to the 7th birthday was grouped
into approximate quartiles: painful crises 0
(n=97), 1 (n=58), 2-4 (n=58), > 5 (n=28);
hospital admissions 0 (n=71), 1 (n=61), 2-3
(n=68), > 4 (n=41); sick visits 0-7 (n=57),
8-12 (n=61), 13-18 (n=61), ¢ 19 (n=62);
acute chest syndrome 0 (n=75), 1 (n=61), 2-3

(n=60), > 4 (n=45). Episodes of ASS were
categorised as 0 (n=175), 1 (n=33), and > 2
(n=33) events.

SOCIOECONOMIC STATUS
The socioeconomic status of patients was
assessed at age 8 years by a scoring system pre-
viously used in Jamaica,' which recorded the
number and types of household appliances,
source of water, and type of sanitation.
Paternal income as an indicator of socioeco-
nomic status is inappropriate in Jamaica
because of the high frequency of single parent
families. Scores ranged from 1 (worst score) to
18.

STATISTICAL ANALYSIS
Statistical associations between growth, hae-
matological indices, and socioeconomic status
were initially examined by correlation coeffi-
cient analysis and, when appropriate, by partial
correlation analysis to control for potential
confounders. Comparisons of growth between
morbidity groups and between sexes were
assessed by analysis of variance. The distribu-
tions of total fetal haemoglobin, reticulocytes,
F cells, and F reticulocytes were skewed and
were transformed [loglo (fetal haemoglobin
+ 1), loglo (reticulocytes), logl0 F reticulo-
cytes, and loglo (F cells/F reticulocytes)] for
parametric analysis.

Results
GENDER DIFFERENCES
At age 7 years, there were no significant sex
differences in height, weight, socioeconomic
score (table 1), or the frequency of any of the
five indices of morbidity. There was no gender
difference in steady state fetal haemoglobin
concentration in this age group or in the num-
ber of subjects (six boys, one girl) with fetal
haemoglobin below 1.0 % (p=0.15 using
Fisher's exact test). Weight/height and weight/
height2 were greater in boys and steady state
fetal haemoglobin concentrations higher in
girls.

GROWTH AND HAEMATOLOGY
Heights and weights at 3, 5, and 7 years corre-
lated with steady state fetal haemoglobin in
boys but not girls (results at 7 years are shown
in table 2). Scatter plots of height against fetal
haemoglobin did not support the notion of a
'cut off' level at which high fetal haemoglobin
has a protective effect on height. Fetal haemo-
globin correlated with weight/height and
weight/height2 in boys at age 7 years, and
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Table 2 Relationship ofsome growth indices at 7years with steady state total haemoglobin
andfetal haemoglobin (HbF)

Height Weight Weightlheight Weight/height?

Boys
Haemoglobin

r 0.30 0.36* 0.35* 0.25*
No 88 88 88 88
p Value 0.005 < 0.001 0.001 0.02

Log1o (HbF + 1)
r 0.34 0.40 0.38 0.25
No 68 68 68 68
pValue 0.005 < 0.001 0.002 0.043

Girls
Haemoglobin

r 0.03 -0.02* -0.04* -0.06*
No 76 75 75 75
p Value 0.80 0.86 0.74 0.62

Log1o (HbF + 1)
r 0.18 0.21 0.17 0.06
No 62 61 61 61
pValue 0.16 0.10 0.18 0.67

* Significant gender differences in correlation coefficients (r) (see text).

weight/height in boys at age 3, but not in girls
at any age. Height, weight, weight/height, and
weight/height2 correlated with haemoglobin
concentration in boys at 5 and 7 years of age
but not at 3 years, and not at any age in girls
(data for 7 years in table 2). Gender differences
in the correlation coefficients existed for the
relationships between haemoglobin and weight
and weight/height but not for any of the other
correlations in table 2.
The increment in height from 3-9 years cor-

related significantly with steady state haemo-
globin at age 7 years (r=0.33, p=0.006) and
almost with fetal haemoglobin (r=0.27,
p=0.056) in boys but not girls (r=0.01, p=0.94
and r=0.20, p=O. 17 respectively). In boys, par-
tial correlation analysis of height and weight at
7 years on haemoglobin and fetal haemoglobin
concentrations suggested that fetal haemoglo-
bin accounted for the effects ofhaemoglobin as

the latter was no longer significant after
controlling for fetal haemoglobin. For weight/
height, weight/height2, and height increment it
was not possible to identify the more important
variable as associations with both haemoglobin
and fetal haemoglobin became not significant
after controlling for the other.

Attained height at 7 years correlated signifi-
cantly with the percentage of F cells and F
reticulocytes (table 3) in boys and that for F
reticulocytes just failed to reach significance
for girls. The ratio of F cells to F reticulocytes
(a measure ofF cell enrichment'0) was not sig-
nificantly related to height at 7 years in either

sex. There were no significant gender differ-
ences in the correlations. No significant
relationships were apparent between attained
height or height increment and mean cell
volume, reticulocyte count, or number of a
globin genes in either sex (results not given).

GROWTH AND SOCIOECONOMIC STATUS
Socioeconomic scores did not correlate with
any growth index at 7 years or with height
increment from 3-9 years in either sex (corre-
lations between -0.11 and 0.20).

GROWTH AND MORBIDITY
Neither height nor weight at 7 years was related
to the number of hospital admissions, but hae-
moglobin and fetal haemoglobin both tended
to decrease with the number of hospital visits
in both sexes (table 4). There were no
significant relationships of height, weight, or
haemoglobin with the number of sick visits,
episodes of acute chest syndrome, acute
splenic sequestration, or hypersplenism apart
from lower mean weights in females with few
sick visits (p=0.02). In males, a lower average
fetal haemoglobin was associated with frequent
sick visits (p=0.02), hypersplenism (p=0.003),
and frequent painful crises (p=0.003). In
females, frequent painful crises were associated
with higher mean haemoglobin (p=0.04).
There were no significant gender differences in
the relationships between morbidity, and
growth, and haematology except for the gender
differences of haemoglobin and fetal haemo-
globin with frequency of painful crises.

MISSING DATA
The growth of 47/315 patients with SS disease
who died before 7 years was assessed by calcu-
lating standardised scores (z scores) for height
(relative to the growth of the whole cohort) at
the age of their last assessment. The mean

Table 3 Relationship of attained height at 7years with
F cells, F reticulocytes, andF cell/F reticulocyte ratio

Log,o Log,0 (F cellsl
F cells (F reticulocytes) F reticulocytes)

Boys
r 0.44 0.46 - 0.23
No 38 40 38
p Value 0.006 0.003 0.16

Girls
r 0.17 0.39 - 0.33
No 26 26 26
p Value 0.42 0.05 0.10

Table 4 Relationship between hospital admissions, growth, and haematology; values are mean (SD) exceptforfetal
haemoglobin which is median (range)

No of hospital admissions Analysis of
variance

0 1 2,3 4 + (p value)

Height (cm)
F 119.1(4.6) 116.7(4.8) 116.2(5.2) 119.0(5.5) 0.06
M 117.6(5.6) 116.9(4.2) 117.4(5.5) 116.3(4.2) 0.82

Weight (kg)
F 19.6(2.3) 18.6(2.1) 18.5(1.5) 19.5(1.9) 0.08
M 19.7(2.2) 19.7(2.4) 19.6(2.4) 19.1(1.4) 0.83

Haemoglobin (g/l)
F 84 (12) 80 (8) 76 (9) 76 (11) 0.03
M 82 (11) 76 (10) 72 (11) 71 (10) 0.005

Fetal haemoglobin (%)
F 8.0(2.9-16.7) 8.0(2.4-21.0) 4.8(1.0-10.6) 3.8(0.9-8.0) 0.0005
M 7.6(0.7-26.2) 6.6(1.1-19.3) 3.3(0.3-18.3) 3.3(0.5-12.6) 0.03
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(SD) z score of patients that had died, -0.24
(1.34), was not significantly different from
zero, suggesting that the growth of children
remaining in the study at age 7 years was rep-
resentative of growth in those diagnosed at
birth.
Of the 241 children theoretically eligible for

the analysis at age 7 years, values at 7 years ±
3 months were not available for height in 22
(9%), for steady state haemoglobin in 68
(28%), and for steady state fetal haemoglobin
concentrations in 105 (44%). However steady
state haemoglobin and fetal haemoglobin (cal-
culated from the mean of all steady state values
from age 5 years) did not differ substantially in
patients with and without steady state data at
age 7 years and all differences were not signifi-
cant suggesting that bias was not introduced by
exclusion of these subjects. Furthermore the
mean heights ofpatients with or without steady
state fetal haemoglobin and haemoglobin con-
centrations at age 7 years were similar,
although there was a trend for patients with
steady state haemoglobin and fetal haemoglo-
bin concentrations at age 7 years to be
approximately 0.7 kg heavier than those
without such data. The height, haemoglobin,
and fetal haemoglobin concentrations (at age 7
years) of the subset of patients with F cell data
did not differ from subjects without such data.

Discussion
Growth is a complex process influenced by
genetic and environmental factors and abnor-
mal growth secondary to chronic disease may
have many different aetiologies. Homozygous
sickle cell (SS) disease is generally associated
with altered growth, low body weight and
retarded height velocity being particularly
characteristic, but the causal factors are
unknown. Anaemia, recurrent infections, and
other aspects of chronic ill health are assumed
to contribute but there is a dearth of data. The
present study has analysed several indices of
growth between 3-9 years and found signifi-
cant relationships with haemoglobin and fetal
haemoglobin concentrations both of which
showed interesting gender differences, but no
contributions from indices of morbidity or
socioeconomic status.
The lack of effect from socioeconomic status

was surprising as low socioeconomic status is
well established as a cause ofpoor growth. This
may reflect the relatively imprecise nature of
the socioeconomic scoring employed in the
present study which documented water supply
and sewage services but leant heavily on provi-
sion of services such as electricity, telephone,
and appliance use. This is known to underesti-
mate the socioeconomic status of people in
rural areas where nutrition may be excellent
but electricity and telephone services unavail-
able. The social structure of many Jamaican
families does not allow the use of paternal
income as a reliable indicator and even mater-
nal income may be erratic and inconsistent. It
seems likely that the lack of an apparent effect
of socioeconomic status may be attributable to
a relatively insensitive indicator of socioeco-
nomic status in this community.

Parental height, another important determi-
nant of height, was not recorded in the initial
protocols and would have been relatively
incomplete because of the high frequency of
one parent families.
The lack of association between growth and

the selected indices ofmorbidity was surprising
and is open to several interpretations. It is pos-
sible that indices such as painful crises, acute
chest syndrome, and acute splenic sequestra-
tion are of too short duration to affect growth
or that faltering growth is obscured by catch up
growth during asymptomatic periods. It is also
possible that more common, minor, recurrent
episodes such as gastroenteritis or upper respi-
ratory tract infections have a greater impact on
growth, although this would have been ex-
pected to be reflected in a greater prevalence of
sick visits to the clinic.
The relationships between haematology and

growth provided some new, potentially impor-
tant observations. Growth was not related to
haemolytic rate as assessed by reticulocyte
count, which was of interest as the impaired
growth in hypersplenic SS children and the
growth spurt following splenectomy in such
cases " had been interpreted as the impact of a
markedly expanded bone marrow competing
with the requirements of the growth plates for
normal growth. Since a high reticulocyte count
correlates with red cell survival and other indi-
ces of bone marrow expansion, 12 the lack of a
relationship calls for this hypothesis to be reas-
sessed. There was also no relationship between
growth and mean cell volume or a thalas-
saemia status. a Thalassaemia reduces the
intracellular concentration of sickle cell hae-
moglobin and the degree of intravascular sick-
ling and so might be expected to be associated
with less bone marrow expansion and less
vaso-occlusion, both potential determinants of
abnormal growth.
The relationships of growth with haemoglo-

bin and fetal haemoglobin showed potentially
interesting gender differences, high haemoglo-
bin and fetal haemoglobin concentrations
being related to attained height and weight at 5
and 7 years and to height increment from 3-9
years in boys but not in girls. Gender
differences were only significant for the rela-
tionship between haemoglobin and weight and
weight/height. Further analysis suggested that
the apparent effect of total haemoglobin on
height and weight was mediated through an
effect of fetal haemoglobin.
The uneven intracellular distribution of fetal

haemoglobin in SS disease implies that red
cells may contain variable amounts of fetal
haemoglobin, cells with low fetal haemoglobin
concentrations being more prone to sickling
and earlier removal from the circulation. Cells
with high fetal haemoglobin persist for longer
and this cell selection increases the concentra-
tion of fetal haemoglobin. Raised fetal haemo-
globin may result from increased production
(measured by F reticulocyte counts'0) or cell
selection (measured by the F cell to F reticulo-
cyte ratio'0) without increased production. As
these two mechanisms have different implica-
tions, further examination of this relationship
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showed that only the F reticulocyte count and
not the F cell to F reticulocyte ratio was related
to the height at 7 years. Even in females where
no significant relationship between growth and
haemolysate fetal haemoglobin or F cells was
apparent, the relationship with F reticulocyte
count reached significance. As the F reticulo-
cyte count in SS disease is characteristic of an
individual10 these observations suggest that the
individual level of fetal haemoglobin produc-
tion is the factor related to better growth. Pos-
sible mechanisms whereby high fetal haemo-
globin concentrations influence growth include
a reduction in erythropoietic activity tending to
reduce the competition of erythropoiesis for
amino acids and calories essential for growth
or the greater general clinical severity in
patients with low fetal haemoglobin," neither
possibility receiving support from the present
study.
A possible gender difference in the effect of

fetal haemoglobin on growth may serve to
explain several earlier observations. The pro-
tective effects of fetal haemoglobin on age at
first occurrence of painful crises, ASS and
dactylitis," abnormal body habitus,'4 skeletal
retardation,"5 proliferative sickle retinopathy,'6
and avascular necrosis of the femoral head'7
have all been confined to males. Genotype dif-
ferences in anthropometric indices and in
nutrient intake were also confined to males in a
Nigerian study.'8 A possible mechanism of this
sex related effect, that the relationship is
created by males with very low fetal haemoglo-
bin concentrations," was not supported in this
study. Another possibility is that a low fetal
haemoglobin concentration accentuates a gen-
der related difference in erythropoietic and
metabolic activity that is already present but of
unknown mechanism, a hypothesis supported
by the greater resting metabolic rate,'9 irrevers-
ibly sickled cell counts (a determinant of
haemolysis),'0 serum transferrin receptor levels
(a measure of erythropoietic activity),2' and
poorer growth in males.22 A higher fetal
haemoglobin may reduce the metabolic de-
mands of bone marrow so protecting against
avascular complications and poor growth in
boys. Future analyses of morbidity and haema-
tological indices and of treatments that aim to

increase fetal haemoglobin should recognise
that these relationships may differ between
males and females.
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