Eastern Mediterranean Heaith Journal, Vol. 8, Nos 2/3, 2002 281

Evaluation of erythropoiesis in protein
energy malnutrition

A. El-Nawawy,' S. Barakat,' T. Elwalily,' A. Abdel-Moneim Deghady? and M. Hussein’
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ABSTRACT This study evaluated erythropoiesis in 50 infants hospitalized with protein energy malnutrition
andin 50 control infants. The red cell count, mean corpuscular haemoglobin and reticulocyte index were
significantty lower, while the white blood cell count, median corpuscular fragility and red cell distribution width
were significantly higher on admission than in controls. Total serum protein, albumin, fasting blood glucose,
and serumn folate were significantly lower on admission than in controls. Serum ferritin was significantly higher
and total iron-binding capacity was significantly luwer un discharge compared to controls. The serum eryth-
ropoistin was significantly higher on admission and discharge than in controls. The anaemia of protein energy
malnutrition is due to mixed deficiencies resulting in ineffective erythropoiesis despite an increased level of
arythropaistin.

Evaluation de I'érythropoiése dans la matnutrition protéino-énergétique

RESLUIMF | a présenta étude a dvalué I'érythropoidse choz 50 nourrissons hogpitalisés pour malnutrition
protéino-énergetique et chez 50 nourrissons témoins. La numération érythrocytaire, I'hémoglobine globu-
laire moyenna et l'index réticulocytaire &taient signiticativemnent moins élevés, tandis que le chitire des
leucocytes, la fragilité corpusculaire mediane et lindice de distribution érythrocytaire élaient significative-
menit plus elevés lors de 'admission & Mhopital que chez les témoins. Les protéines sériques lotales,
l'albumine, ia glycémie & jeun et les folates sériques étaient significativement moins élevés lors de Fadmission
que chez les témoins. La ferritine sérique étalt significativement plus élevée et la capacité de fixation du fer
alalt significativement moins &levee 4 la sortie d’hopital gue chez les témoins. Lérythropoiétine sérique était
significativement plus élevée lors de I'admission et & la sortie d'hdpital que chez les témoins. Dans ia
malnutrition protéino-énergeétique, 'anémie est causée par diverses carences qui entrainent une érythro-
poidse incfficace malgré une élévation du niveau d'érythropoiétine.
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Introduction

According to the World Health Organiza-
tion (WHQ), 149.6 million children under 5
years of age, i.e. 26.7% of the world’s chil-
dren in this age group, are malnourishied in
terms of weight for age. Geographically,
over two-thirds (72%) of the world’s mal-
nourished children live in Asia, while 25%
are found in Africa and 2.3% in Latin Amer-
ica [7]. Furthermore, malnutrition is an ac-
complice in at least half of the 10.9 million
child deaths each year [/]. Protein energy
malnutrition (PEM) is by far the most lethal
form of malnutrition and is one of the lead-
ing causes of morbidity and mortality in
children [2]. PEM probably contributes to
the deaths of 5 million children cach year
[3]. Many classifications of malnutrition
have been used over the past 30 years. The
WHO has published a new classiflication
for PEM called the Z-score or standard de-
viation classification of malnutrition [4].

PEM is a generalized disorder affecting
the structure and function of the entire
body. Changes in the haematological sys-
e, including anacmia, are an invariable
feature of the syndrome. Anaemia may be
normochromic or hypochromic, nor-
noeytic, macrocytic or microcytic. Many
important questions about this problem re-
main unanswered and new ones continue
to emerge [5].

The production of red blood cells
(RBCs} is governed by various growth fac-
tors. Of all the factors stimulating erythro-
poiesis none has a more important
regulatory role than erythropoietin. Eryth-
ropoictin binds to specific receptors on the
erythroid bone marrow precursors [colony
forming unit-erythroid (CFU-E) and burst
forming unit-crythroid (BFU-E)], thus
stimulating their differentiation and clonal
maturation into mature RBCs [6]. Other re-
quirements for normal erythropoicsis arc

protein, iron for haemoglobin synthesis, vi-
tamin B, and folate for DNA synthesis, as
well as other vitamins such as pyridoxine,
riboflavin, thiamine, vitamins C and E, and
trace elements such as cobalt {7].

The aim of the present work was (o
evaluate some important erythropoietic
factors in hospitalized infants diagnosed
with PEM, on admission to hospital and on
their discharge following nutritional recov-
ery. These factors might be of value in
identitying the type of anaemia associated
with PEM and in planning a therapeutic
regimen.

Methods

Fifty {50) infants diagnosed with PEM and
admitted to the University of Alexandria
Children’s Hospital (El-Chatby) for a mean
duration of 12 days, and fifty age- and sex-
matched healthy infants as controls were
included in this study. Informed consent
was obtained from all parents and the Uni-
versity of Alexandria Ethical Committee ap-
proved the protocol of the study.

On admission, all cases were diagnosed
and classified according to the WIO new
classification of PEM by Z-score or stan-
dard deviation classitication of malnutrition
[4]. None of the children enrolied in the
study had any apparent clinical infection. A
thorough history was taken and detailed
physical examination, emphasizing any
signs of malnutrition or vitamin deficien-
cies, performed. Patients were stabilized on
admission, complications were treated, and
fluid and electrolyte imbalances corrected.
Thereafter, nutritional rehabilitation was
started. The dietetic therapy was adminis-
tered orally or by nasogastric tube as need-
ed. The initial diet provided 75 kcal/100 mL
and < 1 g protein/100 mL given as 100 mL/
kg body weight per day in 10 small feeds.
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On return of appetite the infant was provid-
ed with 100 kcal/160 mL and 2.5-3 g pro-
tein/100 mL, given as 120-130 mL/kg
body weight per day in 8 feeds. Multivita-
min preparations were given to provide
double the recommended daily allowance.
No iron preparations were given during
hospitalization,

The criteria for discharge from the hos-
pital were changed mood, increasing appe-
tite, cessation of diarrhoea, disappearance
of oedema (if present), initiation of weight
gain, and a serum albumin level > 3 g/dL.
After discharge patients were followed up
at the nutrition clinic on a weekly basis.

The following laboratory tests were
performed on a morning blood sample tak-
en from both patients and controls: com-
plete blood picture with differential count
and indices, total serum protein and albu-
min, reticulocyre index, serum ferritin by
enzyme-linked immunoassay using Euro-
genetics kits, serum iron and total iron
binding capacity (TIBC) by quantitative de-
termination using Teco Diagnostics kits,
serum folate by radioimmunoassay using
Dia Sorin Kits, serum erythropoietin by ra-
dioimmunoassay using Diagnostic Prod-
ucts Corporation kits, blood urea and
serum creatinine (to evaluate renal func-
tion), and alanine aminotransferase (ALT)
and alkaline phosphatase (ALP) (to evaluate
liver function). Serum was separated and
kept refrigerated at —70 °C until all tests
were performed. Tests were repeated for
paticils vn Jischarge, A plain chest X-ray,
and complete urine and stool analyses were
also performed for all children.

Epi-infu was used fur data presentation
and statistical analysis of the results. The
following statistical measures were used:

* Descriptive measures included count,
percentage, arithmetic mean, standard
deviation, and range.

¢ Statistical tests included the chi-squared
test for analysis of qualitative variables,
Student -test and one-way analysis of
variance {(F), and Scheffe test {for pair-
wise comparison) were used for quanti-
tative variables.
The level of significance selected for

this study was P < 0.05.

Results

The main presenting symptoms of the
study population were apathy and restless-
ness in 84%, anorexia in 72% and ocedema
in 36%; the main signs were muscle wast-
ing in 100%, loss of subcutaneous fat in
56%, pallor in 68%, dermatitis in 32%, hy-
pothermia in 20%, hair changes in 16%,
keratomalacia in 4%, angular stomatitis in
40% and glossitig in 8%.

Table | shows the characteristics and
anthropometric measurements of infants
with PEM on admission to hospital, com-
pared to those of the controls. There were
no significant differences in the age or sex
distribution of cases and controls (7 4
4.0 versus 7.45 £ 3.4 months, 21 males
and 29 females versus 20 males and 3( fe-
males respectively). There were statistical-
ly significant differences between children
with PEM on admission and controls in
weight, length, head circumference and
mid-arm circumference. The percentage
weight change in children with PEM from
admission until hospital discharge varied
from -2.5% to 25.6%.

Table 2 shows the blood picture of in-
fants with PEM on admission compared to
controls. It shows that the RBC counts and
mean corpuscular hagmoglobin (MCH) of
children with PEM were significantly lower
than controls. The white blood cell (WBC)
count, platelet count, median corpuscular
fragility (MCF) and red cell distribution
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Table 1 Characteristics and anthropometric measurements of infants

with PEM on admission and controls

Variable Infants with Controls  Statistical
PEM (n=50) (n=50) data
Age (months)
Range 2.0-18.0 2.0-17.0 t=0.0674
Meants 74+4.0 7.5%34 P=0.9464
Sex
Male 21 {42%)} 20(40%) x*=0.0832
Female 29 (58%} 30 (60%) P=07729
Weight on admission (kg)
Range 2.2-75 4.0-125 t=9.653"
Meanzt s 4614 7919 P<0.001
Weight on discharge (kg)
Range 2.7-8.0
Meanx+ s 5014
% weight change®
Range —251t025.6
Meanz s 6.8+6.7
Length (cm)
Range 49.0-77.0 59.0-86.0 1=8.267"
Meanzs 62.0+7.2 71.8+85 P<0.001
Head circumference (cm)
Range 33.0-47.00 37.0-47.0 t=3.98"
Mean+ s 40.3+36 428x27 P<0.001
Mig-arm circumference (cm)
Range 6.0-14.0 9.00-17.00 =8.40"
Meant s 9.0+26 13.2+24 P<0.001

2% weight change from admission until hospital discharge.

*Significant at P < 0.05.
PEM = protein energy malnutrition.
s = standard deviation.

width (RDW) values were significantly
higher on admission in children with PEM
than in controls. There were no significant
differences between the groups in mean
corpuscular volume (MCV) and mean cor-
puscular haemoglobin concentration
{(MCHC).

Table 3 shows the nutritional and labo-
ratory data of infants with PEM on admis-
sion and following recovery compared to
controls. The mean duration of admission

to the hospital was 12.2 + 4.8 days. The
nutritional data revealed that total serum
protein and serum albumin were signifi-
cantly fower on admission compared to
controls and that serum protein level on
discharge was still significantly lower than
in controls. Blood urea and serum creati-
nine were significantly higher on admission
and on discharge compared to controls,
with the admission levels significantly high-
er than those found on discharge. ALT val-
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Table 2 Blood picture of infants with PEM on admission and controis

Variable

Infants with PEM

Controls (n=50)  Statistical data

on admission {17 = 50)

Red bilood cell count
{x 1(F cells/mm?)

Range 1.9-4.6

Meanzs 3207
White blood celf count

(x 10° cells/mm®)

Range 5.1-19.5

Mean+ s 12.6+3.8
Platelst count

(x 10°cells/mm?)

Range 135.0-600.0

Meanzts 350.0+ 118.0
MCV (fl}

Range 70.3-93.0

Mean+ s 80.315.9
MCH (pg/celi)

Range 17.0-.33.0

Meanzts 27139
MCHC (g Hb/dL RBC)

Range 275-3813

Mean t § 33.7+2.8
MCF (% saline concentration)

Range 0.45-08

Mean + s 0.5+05
RDW

Ranga 13.6-30.0

Mean £ 8§ 189+3.8

3.2-6.1 t=6.82"
41+05 P <0.001
40-104 t=8.74*
7.5+1.7 P« 0.001
120.0--628.0 t=311*
2774+ 1159 P<(.001
74.0-88.0 t=1.4868
81840 P=0.1404
24.0-331 t=3 11"
29.1+25 P <0.001
30.0-37.7 =112
343241 P=0.264
0.45-0.5 t=5.000"
0.40x041 P<0.001
11.8-142 t=11.284"
122x1.8 P<0.001

*Statistically significant at P < 0.05.
PEM = protein eneorgy malnutrition.
MCV = mean corpuscular volume.

MCH = mean corpuscular haemoglobin.

MCHC = mean corpuscuar haemogiobin concentration.
MCF = median corpuscular fragility (50% lysis osmotic Fragility).

ROW = red cell distribution width.
s = standard deviation.

ues were comparable in patients {both on
admission and on discharge) and in con-
trols. Fasting blood glucose levels were
significantly lower on admission than on
discharge and in controls. The haematolog-
ical paramcters revealed that there was no

significant difference in serum iron be-
tween the three groups, while serum fer-
ritin was significantly higher and TIBC
significantly lower on discharge compared
to controls. Serum folate was significantly

lower on admission comparcd to the con-
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Table 3 Nutritional and laboratory data of infants with protein energy malnutrition (PEM) on
admission and on discharge, and controls

Variable Infants with PEM  Infants with PEM Controls  Statistical data
on admission on discharge
Total protein (g/dL)
Range 3.3-70 4.3-7.5 6.8-8.1 F=93.9236"
Meanzs 53=09° 6.1+0. 9% 74104 F <0.001
Aiburmin {g/dL)}
Range. 1.0-4.5 3.0-52 3.1-4.5 F=83.349"
Meants 20zx1.0° 3.7+0.8 3.8x04 P <0.001
Blood urea (mg/dL)
Range 12.0-40.0 9.0-32.0 50-18.0 F=22.4699"
Meanzx s 20273 17.1 £ 5.00° 12.7+£4.0 P<0.001
Serum creatinine (mg/dL)
Range 0.4-10 0.3-0.8 0.1-0.8 F=142272*
Meanzs 06zx02s 0.5+ 0.1 0.4+02 P <0.001
ALT (L)
Range 19.0-40.0 18.0-34.0 20.0-35.0 F=1.1428
Mean + s 281+94 265:8.8 257+56 P<0.3217
ALP (UL}
Range 8.0-34.0 7.0-20.0 7.0-15.0 F=22.0634
Meanz s 15.8+6.0¢ 11.1£4.1° 10323 P <0.001
Serurm iron (mg/dL)
Range 30.0-140.0 52.0-156.0 69.0-120.0 F=0.87419
Meanz s 88.8+298 95.0+26.0 89.9+£17.9 P=0.419356
TiBC (mg/dlL)
Range 130.0-470.0 140.0-480.0 170.0-420.0 F=3.91322*
Meanzxs 256.3+108.8 234.6 £90.8° 2858+724 P=0.0220
Serurnt ferritinn (nganl)
Range 30.0-680.0 40.00-920.00 40.00-217.00 F=19.0720"
Meant s 263.2+ 169.0 31752519 103.0+£76.5 P <0.001
Folate (ngrmL)
Range 04-14.2 0.5-15.0 2.1-11.0 F=3.80982*
Mean t s 2.74+£3.12 3.7+4.1 45825 P=0.02216
Erythropoietin (mUsimL)
Range 7.5-200.0 13.0-240.0 10.4-101.0  F=6.244"
Meanz s 81.2x456° 89.7 +69.9° 551+ 28.9 P=0.0025
Fasting blood glucose (mg/dL)
Range 10.0-40.0 50.0-75.0 80.0-80.0 F=450711"
Mean+s 26.4+7.78 60.3 + 6.8 65.8+6.8 P<0.001
Haemoglobin (grdl)
Range 3.0-126 7.56-11.4 9.5-14.0 F=40449"
Mean+ s 86=x21° 91252 120+1.3 F<0.001
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Table 3 Nutritional and laboratory data of infants with PEM on admission and on discharge,

and controls (concluded)

Intants with PEM
on admission

Variable

Infants with PEM Controis

Statistical data
on discharge

Reticutocyte index
Range
Meanzxs

06-0.8
0.7+0.2¢

F=541218"
P<0.001

0916
1.1+£0.2

0.7-1.0
0.8=0.20°

“Significantly different from the control group.
Significantly different from the group on admission.
*Statisticaily significant at P < 0.05.

ALT = alanine aminotransferase. TIOC = total iron-binding capacity. ALF = alkaline phosphatase.

trols. Serum erythropoietin was signifi-
cantly higher and haemoglobin concentra-
tions were significantly lower on admission
and on discharge compared to controls.

The reticulocyte index was significantly
lower on admission and on discharge com-
pared to controls; and the level on admis-
sion was significantly lower than the level
on discharge.

Discussion

The etiology ot anaemia in PEM has been
attributed to a number of factors including
deficiencies, infections, blocod loss,
haemolysis, erythroid hypoplasia and adap-
tation to lower metabolic oxygen require-
ments [8}. In our study, the red cell count,
haemoglobin and MCH n patients with
PEM were all significantly lower than in the
controls. Such findings indicate that the
anaemia in PEM is normocytic and normo-
chromic, a finding that has been recorded
in the majority of complicated cases of
PEM in other studies [5]. Moreover, the
presence of a significantly higher RDW
among PEM patients in our study would
indicate that the anaemia in our patients
was due to mixed deficiencies, and/or early
folate or iron deficiency, and/or erythroid
hypoplasia, and/or infection |9).

Serum proteins, albumin and folate val-
ues of patients with PEM before treatment
were significantly lower compared to con-
trols. Any folate deficiency would be in the
early stages, since late-stage deficiency
would lead to macrocytic cells with in-
creased MCV [G], which was not observed
in our study. Protein and aibumin have been
shown to be important factors in the patho-
physiology of anaemia in PEM [5]. They
directly affect the marrow erythroid activi-
ty and decrease haemoglobin by about
20%, as well as affecting TIRC by reduc-
ing its protein components. This was ob-
served in our study since TIBC was
significantly higher after establishment of
nutritional rehabilitation and before hospital
discharge of patients with PEM, with con-
comitant significant increase in total pro-
teins and serum albumin. PEM also leads to
a decrease in body lean mass and reduction
af metahalic demand, and hence an “adap-
tation™ to decreased active tissue mass by
reduction in haemoglobin and total red cell
mass [5].

Although the absence of stainable iron
by bone marrow examination is generally
considered the definitive marker of iron de-
ficiency, we did not perfoerm bone marrow
examination as it is an invasive technique
and the tests we used for assessing total
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body iron stores {serum iron, TIBC and se-
rum ferritin) accurately reflect normal iron
sloures.

According to various repotts the inci-
dence of iron deficiency in PEM is ex-
iremely variable [J,8]. Supplementarion
with iron during the nutritional manage-
ment of PEM is of real importance only in
proven cases ol iron deficiency [5], which
was not the situation in our study.

The median corpuscular fragility (os-
motic fragility) was significantly higher in
the PEM patients than in the controls, indi-
cating the presence of an increased red cell
deformability making them more vulnerable
to haemolysis. This finding might be ex-
plained by the possible presence of meta-
bolic changes in the red cell membrane,
such as shortage of glucose RBC metabolic
activities, as well as alterations in mem-
brane lipids [5]. We found there was a sig-
nificant reduction in blood glucose level in
the patients with PEM before the start of
treatment,

The interplay between PEM and infec-
tion remains the most important element in
the morbidity and mwrlality altributed 0
childhood anaemia in Africa [70]. In our
study there was a significant rise in leuko-
cyte count in the paticnts with PEM com-
pared to the controls, despite the fact that
infants enrolled in the study did not show
apparent clinical infectivn. PEM has been
reported to act synergystically with infec-
tion, either clinically or subclinically. Infec-
tion leads to anacmia by reducing red cell
survival, impairing iron bioavailability and
impairing the response Lo erythropoietin
[5].

Erythropoietin has been used in treat-
ment of infants with anaemia [17]. Howev-
er, we did not need to do su as the serum
erythropoietin was significantly higher in
our PEM patients (before treatment) than in
controls, and became higher after teat-

ment, Although haemoglobin increased
from 8.6 to 9.1 g/dL. after treatment, eryth-
ropoietin remained significantly elevated.
Normally there is an inverse relationship
between serum erythropoietin and haemo-
globin concentration [72]. However in
PEM there was no such physiological rela-
tionship. Moreover, the peak reticulocytic
response did not occur over the mean hos-
pitalization period of 12 days in our study,
where the reticulocyte index did not rise
significantly. Other investigators have
showed that in PEM patients, erythropoi-
etin remains elevated for a period of 4
weeks after starting treatment and then re-
turns to normal levels [5]. Explanations
suggested for the prolonged elevation of
serum erythropoietin and the slow recov-
ery of the anaemia in PEM are protein defi-
ciency combined with rapid growth
making the response to erythropoietin un-
satisfactory [13]. In addition, sufficient
iron must be present for a proper response
to erythropoietin. In PEM the need for nu-
tritional protein to synthesize erythrocyte
haemoglobin by erythropoietin may pro-
duce a more general protein deficiency at a
time when supply may be marginal. The ul-
timate result is a state of erythroid hypore-
sponsiveness 10 the normal or increased
erythropoietin levels detected in PEM pa-
tients [5].

Ozher investigators, who have also
found normal erythropoietin production in
PEM, have suggested that the impairment
ol erythropoiesis in PEM could be due o an
abnormality in the erythroid progenitor cell
pool [/4]. It has been shown that in
angemta of some chronic diseases there
could be a blunted serum erythropoietin re-
sponse to anaemia [75], which was not the
situation in the anaemia of PEM infants in
our study, where the erythropoietin re-
sponse to anaemia was preserved.
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study was normocytic normochromic with

289

In summary, the anaemia of PEM inour  erythropoiesis may be due either to a re-

duced responsiveness of marrow erythro-

high RDW, It could be attributed to mixed  poietin-sensitive cells or to ineffective
deficiencies with a high serum erythropoi-  erythropoiesis compounded by mixed defi-
etin level. The failure of raised serumeryth-  ciencies.
ropoietin to induce an adequate increase of
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