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Inflammatory mediators Iin children with protein-energy

malnutrition1-3

Robert W Sauenvelil, Janet A Mulder, Lcimbertus Mulder, Brett Lowe, Norbert Peshu,
Pierre NM Deinacker, Jos WM van der Meer, and Kevin Marsh

ABSTRACT Edema is a typical sign in kwashiorkor, which 1is
present In a subset of patients with protein-energy-malnutrition
(PEM). The pathophysiology of this edema is not well established.
One of the abnormalities found in kwashiorkor is reduced concen-
trations of antioxidants, suggesting a compromised capacity to
neutralize free radicals, which are known to induce tissue damage.
We have studied plasma concentrations of several mediators of the
Inflammatory cascade. Concentrations of interleukin 6 (IL-6). C-
reactive protein, and the soluble receptors of tumor necrosis factor
a (STNFR-p55 and sTNFR-p75) are greater in children with PEM.
particularly in those with kwashiorkor, whereas soluble receptors
of IL-6 (sIL6R-gp80) and IL-l receptor antagonist concentrations
are not significantly different from those of healthy children. In
addition, concentrations of IL-6, STNFR-p55, and sTNFR-p75 are
greater In kwashiorkor patients irrespective of the presence of
Infection. Antioxidant status, as determined by plasma concentra-
tions of glutathione and vitamin E. is significantly reduced In
kwashiorkor patients. These data support the notion that children
with edematous malnutrition show increased inflammatory reac-
tivity that may, contribute to edema formation. Am J Clin Nutr

1997:65:1534-9.
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radicals, antioxidants, infection, children, interleukin 6, C-

reactive protein, inflammation

INTRODUCTION

In children with protein-energy malnutrition (PEM). the
presence of edema is one of the hallmarks of the subgroup with
kwashiorkor. The pathogenesis of edema in PEM is currently
unresolved and most likely multifactorial. Hypoalbuminemia
and electrolyte imbalances have been put forward as possible
causes (1). Although low serum albumin iIs probably a neces-
sary condition, 1t i1s certainly not always a sufficient explana-
tion (1).

The “radical theory” advanced by Golden and Ramdath (2)
postulate that the imbalance between the production of free
radicals and their neutralization by scavengers plays an impor-
tant role In the development of the kwashiorkor syndrome.
These radicals, which are products of the inflammatory re-
sponse, generate peroxides, particularly in cell membranes. It is
hypothesized that unscavenged radicals damage tissues and
Induce vascular leakage Iin kwashiorkor (2). Prostaglandin E2
and cysteinyl leukotrienes, which are powerful agents in the

Inflammatory response, increase in PEM upon In vitro stimu-
lation (3, 4). In addition, the concentrations of several mole-
cules that protect against free radical damage are reduced In
PEM. particularly in kwashiorkor. These include glutathione
(GSH). vitamin E. zinc, and the selenium-containing enzyme
glutathione peroxidase (2). These findings suggest that an
uncontrolled inflammatory response contributes to the clinical
syndrome of kwashiorkor.

The aim of the present study was to determine the concen-
trations of pro- and antiinflammatory mediators upstream in the
cascade of the inflammatory response in children with PEM
and to find out whether there was an association with the
clinical presentation of PEM.

PATIENTS AND METHODS

Patients

Children with PEM were recruited prospectively at the Dis-
trict Hospital and the Family Life Centre in Kilifi, Kenya.
Inclusion criteria were weight-for-age < 70% and weight-lor-
height < 80% of National Center for Health Statistics (NCI IS
standards (5). Kwashiorkor patients were defined as those with
the typical clinical syndrome of edematous malnutrition with
hair loss, hair discolorization, or both, and flaky skin. Maras-
mus patients were defined as children with nonedematous
malnutrition. PEM patients with obvious signs of clinical
Infections, weight < 5 kg, and a hemoglobin concentration
< z g/L, or who were iIn a clinical condition that required
Intravenous treatment with fluids or medication were excluded
from the study. As the control group, healthy children from the
same community and preferentially the same family were re-
cruited who had weight-for-age and weight-for-height values
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)% of the NCHS standards. Informed consent was obtained

liv nal least one of the parents or grandparents. This study was
aa roved by the Kenya National Ethical Committee.
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history was taken followed by a physical examination. The
wing laboratory tests were performed: full blood count
ding white blood cell (WBC) differential, thick and thin
Ir lor detection of blood parasites, albumin concentration,
»e blood culture for bacteremia. One urine and three fecal
'les were collected for microscopy and culture and a chest
v was taken. Major criteria for possible or likely infection
ided the following: /) axillary temperature > 37.5 °C, 2)
finalities on chest X-ray consistent with an infectious
ess, 3) a positive blood culture with pathogenic mieroor-
>ms, and 4) a positive urine culture with the presence of
\s. Minor criteria for infection were as follows: /) a
ry of fever in the past 3 d, 2) a positive blood slide for
ria parasites > 50/100 WBCs, 5) a WBC count > 175 X
.or < 25 x 107L (ie, > 2 x SEM of the control group),
positive blood culture with possible contaminant (Bacillus
r Staphylococcus epidermidis), or 5) positive urine culture,
Ible infection was defined by the presence of one major or
minor criteria; likely infection was defined as the presence
. least one major plus one minor criterion. Severity of
la was classified as mild If swelling was limited to feet or
'S, moderate If both lower and upper extremities were
led, and severe If there was orbital edema as well as
la of lower and upper extremities.

surements of antiinflammatory variables

ood was collected with heparin on study entry after im-
late centrifugation for 10 min at 1250 x Vv at room tem-
urc plasma was stored at —20 °C. Interleukin 6 (IL-6) and
Me IL-6 receptor (sIL-6R) (6), IL-1 receptor antagonist
|Ra) (7), soluble tumor necrosis factor receptors (STNFR)-
and sTNFR-p75 (8) were tested as described previously,
active protein (CRP) was measured by turbidimetry
‘ingwerke AG. Marburg. Germany). Vitamin E was mea-

bv HPLC (9). Total plasma cholesterol was determined
rzymatic analysis on a Hitachi 747 analyzer with reagents
Boehringer (both from Boehringer. Mannheim, Germa-
Results were checked regularly against control values with
;ned values determined against the CDC/Abell-Kendall
enee method (10). Plasma glutathione was quantified by
C after reaction with monobromobimane as described
lously (I1).

LE 1
graphic and laboratory data of study groups/’

Kwashiorkor (i = 15 M, 15 F)
V) 3.1 + 1.5 1301
‘per arm circumference (cm) 11.6 = 1.5-v|29]
nin (U/L) 19.2 = 7.2"* 1301
»globin (g/L) S.4 + 1.7 |2S|v
blood cells (X 10°VL) 11.9 £ 4.5 |271

+ SD; tl in brackets.

lynificantlv different from kwashiorkor, IJ = 0.0001 (/ test).
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Statistical analysis

Data were analyzed with SPSS statistical software (SPSS
Inc, Chicago). Differences In group means were analyzed ac-
cording to distribution by one-way analysis of variance
(ANOVA), 1 test, or nonparametric test (Mann-Whitney U
test). A multifactorial analysis by stepwise-linear regression on
the effect of infection, kwashiorkor, or both was performed
with IL-6, CRP, sTNFR-p55, and sTNFR-p75 as independent
variables and with edema as a dependent variable.

RESULTS

Forty-six children wilh PEM were studied. 30 of whom had
kwashiorkor and 16 had marasmus; 39 healthy children were
recruited as control subjects (Table 1). Severe edema was
present In 10 (33%) of the kwashiorkor patients whereas edema
was of medium severity in 11 (37%) children; edema was mild
In 9 children (30%). In PEM patients, midupper arm circum-
ferences (MUACs) were significantly lower than in control
subjects but showed no difference between kwashiorkor and
marasmus patients. Albumin concentrations were different
among all study groups and were lowest In kwashiorkor pa-
tients (Table 1).

Plasma concentrations of the antioxidants GSH and vitamin
E were significantly lower In the kwashiorkor group than in
both the marasmic and the control groups (Figure 1). Maras-
mus patients only differed from the control subjects In concen-
trations of vitamin E, whereas plasma GSH concentrations
were not different. Plasma cholesterol needs to be taken iInto
consideration for a proper interpretation of the vitamin E status
(12). Cholesterol concentrations were also lower In the kwash-
lorkor group than in the marasmic or control groups (Figure 1)
The ratio of vitamin E to cholesterol In these patients was
significantly lower (P < 0.003) than in the control group.

Plasma concentrations of IL-6, STNFR-p55, and sTNFR-p75
as well as the acute phase protein CRP were greater in PEM
patients than In the control subjects and greater in kwashiorkor
than In marasmus patients (Figure 2). IL-IRa and slL-6R
concentrations in PEM were not significantly different from the
values obtained In the control subjects. Immunoreactive TNF
concentrations were < 100 ng/L in all groups (data not shown).

The presence of infection was likely In five children with
kwashiorkor and two children with marasmus and possible In
four children with kwashiorkor and four with marasmus. In the
control subjects there was a probable infection In four children

Marasmus {n = 10 M, 6 F) Control (// = 27 M, 12 F)
2.5 = 1.1- 116| 3.4 + 1.3 1391
11.2 £ 1.4* 116 15.7 £ 0.9 [391
31.6 + 8J 75 |161 41.0 + 5.2 [35]
8.2 + 2.6 113f 11 £+2.2 1361
10.5 = 4.8 113] 10.1 £ 3.8 136|

" Significantly different from control (/ test): 2P = 0.02, "fJ = 0.0001, 1P = 0.001.
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FIGURE 1 Plasma concentrations of the antioxidants glutathione
(GSH) and vitamin E and of cholesterol. The mean (x SD) ratio of vitamin
E to cholesterol for kwashiorkor was 11 + 0.7. for marasmus was 1.4 =*
0.8, and for the control group was 1.6 = 0.3. Ratio is significantly different
between children with kwashiorkor and control children, /J < 0.003. n iIn
brackets over bar.

and a possible infection In one child. Kwashiorkor patients
without possible or likely infections had significantly higher
concentrations of IL-6, STNFR-p55, and sTNFR-p75 in their
circulation than did noninfected patients of the control group
(Figure 3). Infected patients in both study groups had higher
concentrations of inflammatory mediators than did patients
without iInfection, but these differences were not significant
except for STNFR-p55 in kwashiorkor patients (P = 0.03). In
kwashiorkor patients edema was an independent risk factor for
increased concentrations of sSTNFR-p55 (P < 0.001), sTNFR-
p75 (P = 0.005), and IL-6 (P = 0.05) but not for CRP.

DISCUSSION

The principle finding of the present study was that circulat-
Ing concentrations of IL-6, STNFR-p55, sTNFR-p75, and CRP
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FIGURE 2. Percentage difference from mean values of plasma con-
centrations of inflammatory mediators in children with kwashiorkor
(Kwash) or marasmus (Maras). The values of the control children were as
follows: interleukin 6 (IL-6), 46 12/L (raime: 20—400 ng/L); soluble re-
ceptor of IL-6 (slIL-6R), 81 ng/L (range: 53-121 /ig/L): IL-1 receptor
agonist (IL-1Ra), 1.5 /xg/L (range: 1-6.3 /xg/L): soluble tumor necrosis
factor receptor (STNFR)p55, 2.9 /ug/L (range: 1.4—10.1 jidL); sTNI R
p75, 8.1 ¢¢g/L (2.7-22.9 jldL): and C-reactive protein (CRP). 12 niy/L
(range: 5-62 mg/L). For mean control values // = 38 except for CRP.
where n 37. Fur Kwash n = 30 except for sSTNFR-p55 and sTNFR-p75.
where n = 29: for Maras n = 16 except for sSTNFR-p75, where 3 = 15
Significantly different from control subjects: */J < 0.05, ** /J < 0.005.

are increased markedly iIn patients with kwashiorkor and to a
lesser extent In patients with marasmus. The increase In these
Inflammatory indexes may be explained by concomitant infec-
tions, which are frequently found in PEM patients (14). In fact,
Infections have been postulated to be a trigger for edema
formation in kwashiorkor (2). Patients with obvious infections
were deliberately excluded from the study, but those wi
positive criteria for infections showed increased concentrations
of IL-6, IL-IRa, sTNFR, and CRP (data not shown). More
iImportantly. STNFR-p55, sTNFR-p75, and IL-6 concentrations
were greater in kwashiorkor patients independent of the pres-
ence of possible or likely infections.
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' lGURE 3. Plasma concentrations of interleukin 6 (IL-6), soluble tumor necrosis factor receptor (STNFR)p55. and sTNFR-p75 in kwashiorkor patients
an uitrol children without infections or with likely or possible infections. There were significant differences between kwashiorkor patients and control
di' cn without infection, but not between those with infections. In kwashiorkor patients the sTNFR-p55 concentrations were signiticantly higher iIn
im ed patients than in noninfected patients (P = 0.03). Horizontal lines represent the mean of each group.

increased plasma concentrations ol sTNFR are found in atinine concentrations were lower In the PEM patients,
patients with renal failure (13), but there was no indication reflecting their reduced muscle mass and suggesting that
°l Mich abnormalities in our study population. Plasma cre- kidnev functions were not grossly abnormal. Moreover,
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concentrations of sIL-6R. which are also increased in renal
fatlure (JTM Frieling. H van Hamersvelt. J Wijdenes, T
Hendriks, RW Sauerwein, CJ van der Linden, unpuhlished
observations. 1996). were reduced In the kwashiorkor group.
Changes In the other inflammatory indexes also support the
notion that there was an inflammatory reaction in the PEM
group. Both sTNFRs have been found to be elevated In
human I1mmunodeficiency virus (HIV)-infected patients
(15). but only indeterminate serologic results for HIV were
found In five PEM patients (data not shown).

Published data on cytokines in PEM are Ilimited and
generally show that the capacity of WBCs to produce cyto-
kines iIs diminished. Production of TNF-cv. IL-6, and 1L-1-
like activity by stimulated blood cells in vitro Is reduced iIn
malnourished children (16. 17; RW Sauerwein. K Marsh,
unpublished observations, 1996). In rats IL-1 and TNF pro-
duction of peritoneal macrophages, Kupffer cells, or alveo-
lar macrophages i1s not different between animals with PEM
and controls (3. 18). Diminished production of endogenous
pyrogens has been shown previously In animals with PEM
and PEM patients (18-20). The combination of increased
plasma cytokine concentrations and reduced ex VIvO pro-
duction has been found previously In the acute stage of
clinical infections (8. 21).

Our data corroborate earlier studies that showed that con-
centrations of red blood cell GSH are reduced In kwashiorkor
and normal In marasmus (2. 6, 8, 22. 23). Plasma concentra-
tions of vitamin E are diminished Iin marasmus and particularly
In kwashiorkor (2); vitamin E Is transported by cholesterol-rich
lipoproteins, and plasma cholesterol Is also reduced In PEM
(24). The ratio of vitamin E to cholesterol was significantly
reduced in our patient population, which may have resulted In
a diminished resistance to oxidative stress.

One can speculate that the inflammatory response in PEM
originated because /) the prevalence of infections was In-
creased and possibly the result of the compromised immune
status or the increased microbial pressure from the over-
grown small intestine (25), and 2) patients with PEM may be
unable to adequately neutralize endotoxemia. which occurs
frequently, particularly in kwashiorkor (2). Lipoproteins
form complexes with lipopolysaccharides (LPSs) and LPS
In these LPS-lipoprotein complexes is biologically inactive
(26). Lipoprotein concentrations are low In kwashiorkor
(24), which may result in a reduced capacity to neutralize
LPS. and 3) changes in hormones mav modulate cytokine
responses (27). However, hormonal changes, which indeed
can be found In PEM patients (1). are more likely to be
secondary to cytokine responses.

In conclusion, our data further support the notion that iIn-
flammation may play a critical role In the pathogenesis of
edematous malnutrition. The primary trigger may he invasion
by microorganisms, translocalion of bacterial products, or other
as vet unidentified stimuli Interacting with an environment that
under nutritional stress iIs unable to control the Initiated inflam-
matory response. n

This paper is published with the permission of the Director of KEMRI.
We thank J Gulani. M Amir. A Omar, and the clinical staff of KDI I.
KEMRI. for clinical and technical support: C Kambi and the staffo! FLC
for collaboration: D Forster for support with data handling; and J van de
Ven-Jomiekrijsz for laboratory assistance.
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