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Is fat mass a better predictor of 6-month
survival than muscle mass among African
children aged 6-59 months with severe
pneumonia?
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Abstract

Background Pneumonia remains the leading cause of mortality among children under 5 years. Poor nutritional
status increases pneumonia mortality. Nutritional status assessed by anthropometry alone does not provide
information on which body composition element predicts survival. Body composition proxy measures including arm-
fat-area (AFA), arm-muscle-area (AMA), and arm-muscle-circumference (AMC) could be useful predictors.

Objective To compare the ability of fat and muscle mass indices to predict 6-month survival among children with
severe pneumonia.

Methods This prospective cohort study was nested in the COAST-Nutrition trial ISRCTN10829073, 06/06/2018)
conducted between June 2020 and October 2022 in Uganda and Kenya. We included children aged 6-59 months
hospitalized for severe pneumonia with hypoxemia. Children with severe malnutrition, known chronic lung or cardiac
diseases were excluded. Anthropometry and clinical status were assessed at enrolment and at follow-up to day 180.
We examined Receiver Operator Characteristic (ROC) curves of fat and muscle mass indices with 6-month survival as
the outcome, and compared the areas under the curve (AUCs) using chi-square tests. Cox survival analysis models
assessed time-to-mortality.

Results We included 369 participants. The median age was 15-months (IQR 9, 26), and 59.4% (219/369) of
participants were male. The baseline measurements were: median MUAC 15.0 cm (IOR 14.0,16.0); arm-fat-area 5.6cm?
(IQR 4.7, 6.8): arm-muscle-area 11.4cm? (IQR 10.0, 12.7); and arm-muscle-circumference 12.2 cm (IQR 11.5, 12.9).
Sixteen (4.3%) participants died and 4 (1.1%) were lost-to-follow-up. The AUC for Arm-Fat-Area was not significantly
higher than that for Arm-Muscle-Area and Arm-Muscle-Circumference [AUC 0.77 (95%Cl 0.64-0.90) vs. 0.61 (95%Cl
0.48-0.74), p=0.09 and 0.63 (95%Cl 0.51-0.75), p=0.16 respectively], but was not statistically different from MUAC
(AUC 0.73 (95%Cl 0.62-0.85), p=0.47). Increase in Arm-Fat-Area and Arm-Muscle-Circumference significantly improved
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interventions.

survival [aHR 0.40 (95%Cl 0.24-0.64), p=<0.01 and 0.59 (95%Cl 0.36-1.06), p=0.03 respectively]. Survival prediction
using Arm-Fat-Area was not statistically different from that of MUAC (p=0.54).

Conclusions Muscle mass did not predict 6-month survival better than fat mass in children with severe pneumonia.
Fat mass appears to be a better predictor. Effects of fat and muscle could be considered for prognosis and targeted

Keywords Pneumonia, Fat mass, Muscle mass, Children, Mortality

Introduction

Pneumonia is the leading cause of morbidity and mor-
tality in children accounting for 14% deaths of children
under 5 years and up to 22% of children between 1 and 5
years [1]. Despite effective inpatient treatment of severe
pneumonia, many children are reported to die in hospi-
tal, or following hospital discharge [1-3]. While in-hospi-
tal mortality may be associated with many individual and
environmental factors, the key risk factor for post-dis-
charge mortality is poor nutritional status [2, 4—6]. Pneu-
monia, as are many severe infections, is associated with a
catabolic state, resulting from release of stress hormones
(cortisol and catecholamines) that lead to a ‘hypermeta-
bolic’ response in order to rapidly mobilize energy [7]. It
is largely associated with breakdown of protein to gener-
ate glucose through liver gluconeogenesis and utilization
of amino acids by immune cells to produce acute phase
proteins [8]. Consequently, there is rapid skeletal muscle
breakdown leading to muscle cachexia or ‘wasting’ [9].
During fasting states, the body transitions from utiliza-
tion of carbohydrates as the main source of energy to fat
[7, 10]. In severely malnourished children, fat is the main
source of energy [10]. An acute process like pneumonia
predisposes children to poor nutritional status and may
lead to severe malnutrition through loss of fat and mus-
cle mass, which in turn increases their risk of recurrent
infections and death. A cohort study among adult men
with stable chronic obstructive airways disease (COPD)
showed that mid-arm muscle area (MAMA)<25% was
associated with an increased mortality [11]. Respira-
tory muscles are highly specialized and consume a large
amount of energy, especially during an episode of pneu-
monia when the rate and effort of breathing are substan-
tially increased. Adequate ventilatory function during
hypoxic illnesses requires good muscle function, so one
would expect muscle mass to be more important for sur-
vival than fat mass.

Assessment of nutritional status in hospital and
field-based studies is largely based on simple practi-
cal measurements such as weight, height, mid-upper
arm circumference (MUAC) and derived indices such
as weight-for-height z-score (WHZ) and weight-for-age
z-score (WAZ). These however do not fully describe
the proportions of body tissue compartments relative
to each other (body composition) which may isolate the

component that might be responsible for and could be
used to predict survival [12]. Furthermore, they offer
no guidance on what component could be repleted to
improve survival. Arm muscle area or circumference
can be considered as a proxy estimate of muscle mass in
the arm region. Thus, MUAC is related to muscle mass,
which during catabolism serves as the principal reser-
voir of amino acids in vital organs [13] and may be a good
predictor of survival [14]. Arm fat and muscle mass could
be useful predictors of mortality in children [15, 16], such
as children with pneumonia. Use of arm anthropometry
including arm muscle area and arm fat area, as proxies
for arm fat and muscle mass respectively in children with
pneumonia could be useful for risk prediction and moni-
toring because it is cheap and non-invasive [17].

We hypothesized that muscle mass indices predict sur-
vival among children with severe pneumonia better than
fat mass indices. The aim of the study was to compare the
ability of fat and muscle mass to predict 6-month survival
among children with severe pneumonia.

Methods
Description of the study

This study was a hospital-based prospective
cohort study nested under the COAST-Nutri-
tion trial (ISRCTN10829073, 06/06/2018 and

PACTR202106635355751, Protocol Ref Makerere: #REC
REF 2020-155). It was conducted between June 2020
and October 2022 in Uganda (Mbale Regional Referral
Hospital, Soroti Regional Referral Hospital, Jinja Regional
Referral Hospital, Masaka Regional Referral Hospital)
and in Kenya (Kilifi County Hospital). Children were
enrolled in the COAST-Nutrition trial if: aged 6 months
to 12 years and hospitalized for severe pneumonia as
defined by WHO (cough and or difficulty in breath-
ing with chest indrawing and general danger signs) [18]
; had hypoxemia (pulse oximetry reading of SPO,<92%
recorded in room air over 5 min; and parents or guard-
ians consented to participate in the study. Children with
severe malnutrition (MUAC<11.5 ¢cm, and/or the pres-
ence of bilateral oedema), known chronic lung disease, or
congenital cardiac disease were excluded from the clini-
cal trial. Children were randomized to nutritional supple-
mentation with Ready-to-Use Therapeutic Foods (RUTF)
in addition to usual diet for 56 days compared to usual
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diet al.one (control). Details of the main clinical trial
under which this study was nested are published in the
trial protocol [19].

Study and trial specific assessments

Participant recruitment and follow up

At the point of hospital admission, eligible children with
suspected severe pneumonia and hypoxaemia (oxygen
saturations on pulse oximetry of <92%) were screened
and consecutively enrolled. Parental consent was
obtained for inclusion in the trial and additional anthro-
pometric measurements. All study participants were
followed up until death or study completion (Day 180),
whichever occurred first. Full details of the trial protocol
including the anthropometric sub-studies have been pub-
lished [19]. In this sub-study we only included children
enrolled into the control arm (received only their usual
diet, without supplemental feeding with ready to use
therapeutic food, in addition to their pneumonia treat-
ment) and were aged 6—59 months.

Assessment of independent variables

Participants’” history (symptoms at presentation to hospi-
tal and associated factors) was obtained from caregivers
and entered into a questionnaire. Clinical examination
was done by medical officers and the findings as well as
the results of the laboratory investigations at admission
to hospital were entered in a questionnaire.

Anthropometric measures All children enrolled into
the study had baseline measurements of mid-upper arm
circumference (MUAC) measured with a recommended
non-stretchable tape to the nearest millimeter. Triceps
skinfold thickness (TST) was measured with a special cal-
iper (Harpenden °) by trained research staff to the nearest
0.2 mm. Two measurements were taken and the average
was recorded [19]. If there were significant differences
between the two measurements taken, another research
assistant independently took his/her own measurements
and the average was recorded. Research assistants at all
sites were trained on taking anthropometric measure-
ments prior to starting data collection and periodically for
the duration of the study.

Estimation of body composition Body composition
is most accurately assessed by invasive and clinically
impractical procedures such as densitometry and iso-
tope dilution for total body water [20]. Some less invasive
methods use the two-compartment model to describe
overall body composition by dividing the body into two
compartments: fat mass (FM) and fat free mass (FFM) or
lean mass which includes muscle, bone and body organs,
without giving information on distribution [20]. One of
the relatively simple techniques utilizes anthropometric
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indices incorporating MUAC and triceps skinfold thick-
ness (TST) to measure adipose tissue distribution and
estimate overall body composition using indices like arm
fat area (AFA), arm muscle area (AMA) and arm muscle
circumference (AMC) [21]. Arm fat area and arm muscle
area calculations are based on assumptions that: (i) the
arm is cylindrical; (i) subcutaneous fat is evenly distrib-
uted around a circular core of muscle; and (iii) Triceps
skinfold thickness (TST) reflects the fat components of
the arm and represents twice the thickness of subcutane-
ous fat in the arm [21].

When the anthropometric indices were evaluated
for validity among healthy and sick children (with cys-
tic fibrosis) using dual x-ray absorptiometry and four-
component model to provide reference values for arm
and whole-body fat mass (FM) and fat-free mass (FFM),
Chomtho et al. found that arm fat area (AFA), MUAC,
and TST correlated strongly with arm FM (r=0.84-0.92)
and total FM (r=0.78-0.92). However, AMA and MUAC
are weakly correlated with fat free mass indices [17]. Rol-
land-Cachera et al. validated the arm muscle area, arm fat
area, and arm circumference against magnetic resonance
imaging (MRI) and found that these were indeed accu-
rate for assessment of body composition [22]. We retro-
spectively calculated Arm muscle circumference (AMC),
arm muscle area (AMA) and arm fat area (AFA) by the
equations proposed by Rolland-Cachera. AMC, AFA and
AMA were estimated from MUAC and TST. The AMC
was calculated with the formula AMC=MUAC - n TST
where m=22/7. The AFA is calculated from the formula
MUAC x TST/2. The AMA was calculated with the for-
mula; AMA = (MUAC)?/4r — MUAC x TST/2 [22]. This
is illustrated in Fig. 1.

Sample size estimation

This was a sub-analysis of participants aged 6—59 months
who were randomized to the control (usual diet) arm of
the COAST-Nutrition trial (Fig. 2). We used a convenient
sample for this study which was based on the available
participants from the main trial in Uganda and Kenya.
With an Area Under the Curve (AUC) of 0.8, mortality of
14% [1], a sample size of 369 children gave a confidence
interval width of 0.15 for a confidence level of 0.95 [23].

Data analysis

The primary outcome was survival at day 180 of follow up
(expressed as a proportion). The independent variables
included MUAC, arm muscle circumference (AMC), arm
muscle area (AMA), arm fat area (AFA) as well as age,
gender and history (symptoms at presentation), clinical
examination findings and laboratory results at admis-
sion to hospital (baseline). Receiver operator character-
istic (ROC) curves for MUAC, AMC, AMA, and AFA on
admission were generated using STATA version MP16
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Fig. 1 Transverse section of the arm showing assumptions of fat and muscle area. d;represents arm muscle area estimate (fat free mass), while d

1

the

2 represents

total arm area estimate. AFA = MUAC x TST/2, while AMA = (MUAC) %411 — MUAC x TST/2

N =846

Participants Included in
the main clinical trial

Randomized to receive

intervention
N =424

Usual Diet
N =422

Randomized to receive

Excluded from analysis
Age > 5 years; n =46

Missing baseline body
composition; n=7

Survived by Day 180
N =349

Died by day 180
N=16

Lost to follow up
N=4

Fig. 2 Study flow reflecting participants included in this sub-study of the main trial. A total of 369 participants were included in this study

(StataCorp LLC, College Station, Texas, USA), and exam-
ined with survival at day 180 of follow-up as the outcome.
The fat and muscle mass indices most predictive of the
outcome were expected to have a greater AUC than other
indices. The AUC for AFA was compared to that of AMA
and AMC using the Chi-square test.

The AUC for AMC, AMA, and AFA were also com-
pared to that of MUAC, currently the best predictor of

mortality [24], using the Chi-square test. We used the
Cox survival analysis model to generate hazard ratios for
AMC, AMA, and AFA to that of MUAC, while control-
ling for baseline risk factors.

All analyses were adjusted for age in months, gen-
der, breastfeeding status and respiratory rate at baseline
(admission to hospital). These were selected based on
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Table 1 Participants' baseline clinical characteristics
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Table 2 Survival prediction by anthropometric measurements

Characteristic Overall N=369 using area under the curve (AUC)
Age in months (Overall): median (IQR) 15 (9,26) Measurement Unadjusted Adjusted Chip  Chi’p
Age group in months; 1 (%) AUC(95%Cl),  AUC(95%Cl), value* value”
<12 months 126 (34.2) (N=364) N=360)
19-23 months 127 (34.4) MUAC (cm) 0.70(0.58-0.82)  0.73 (0.62-0.85) 047 Ref
24-59 months 116 (314) AMA (cm?) 061 (0.48-0.74) 063 (0.51-0.75) 0.09 0.01
Male Gender: n (%) 219 (59.4) AFA (cm?) 0.75(0.62-0.88)  0.77 (0.64-0.90) Ref 047
History of Breast feeding; n (%) 334 (90.5) AMC (cm) 0.64 (0.51-0.77)  0.66 (0.54-0.78) 0.16 0.04
Respiratory Distress (in-drawing, grunting, nasal flar- 359 (97.3) WHZ 064 (0.51-0.77)  0.64 (0.50-0.78) 0.19 023
ing): n (%) WAZ 071(057-0.85) 0.73(060-087) 069 099
Baseline Oxygen saturation (%) Median (IQR) 89 (87, 90) BAZ 050(032-067)  057(040-074) 013 0.20
General WHO danger sign n (%) 94 (25.5) HAZ 068(0.52-0.83) 069(053-084) 039 058
Signs of shock?: n (9) 12(3.3) *N=236 (Unadjusted), N=233 (Adjusted), Cl: Confidence interval, AUC; Area under the
' ' curve, MUAG; Mid upper arm circumference, AMC; Arm muscle circumference, AMA;
Severe Pallor; n (%) 32(87) Arm muscle area, AFA; Arm fat area, WHZ; Weight for Height Z score, WAZ; Weight for
Reported HIV Status; n (%) Age Z score, BAZ; Body mass index for Age Z score, HAZ; Height for Age score. Each ROC
Positive 400 curve was adjusted for age in months, gender, breastfeeding status and respiratory rate.
) ' * Chi’p value comparing adjusted AUC for AFA to AUC for MUAC, AMA, AFA and AMC,
Negative 355(96.2) #Chi’p value comparing adjusted AUC for AMA, AFA and AMC to AUC for MUAC to test
Severe Malaria; n (%) 72 (19.5%) for statistical difference
Hemoglobin concentration (g/dL)'; (mean, SD) 10 (2.4)
MUAC (cm); Median (IQR) 15.0 (14.0, 16.0) and anthropometric characteristics of the study partici-
TST (cm); Median (IQR) 0.8(0.7,09) pants are summarized in Table 1. Of the 369 participants
AMC (cm); Median (IQR) 122(11.5,129) enrolled in this study, 16 (4.3%) died before Day 180 and
AMA (cm?); Median (IQR) 114(100,12.7) 4 (1.1%) were lost to follow up.
AFA (cm?); Median (IQR) 56 (4.7,6.8) Arm Fat Area (AFA) had higher adjusted AUC (0.75, CI
Weight for Height Z score (WHZ); Median (IQR) -03(-1.2,06) 0.62-0.88) than AMA (0.61, 95%CI 0.48-0.74) and AMC)
Weight for Age Z score (WAZ); Median (IQR) -05(-14,02) (0.63, 95%CI 0.51-0.75), but the differences were not sta-
BMI for Age Z score (BAZ)'; Median (IQR) -0.5(-13,04) tistically significant (p=0.09 and p=0.16 respectively).
Height for Age score (HAZ); Median (IQR) -05(-14,03) There was no difference between the adjusted AUC for

'missing data; Hemoglobin concentration N =367, BAZ: N=240°WHO danger signs:
persistent vomiting, convulsions, lethargic or unconscious [30, 3Signs of shock were
assessed clinically using capillary refill, pulse, and temperature gradient. MUAC; Mid upper
arm circumference, TST; Triceps skinfold thickness, AMC; Arm muscle circumference, AMA;
Arm muscle area, AFA; Arm fat area, BMI; Body mass index

biological plausibility using available literature, as well as
having sufficient numbers of outcomes for comparison.

Results

A total of 369 participants were included in the study.
The median age was 15 months (IQR 9, 26), with 68.6%
(n=253) of the participants aged 6-23 months. 59%
(n=219) of the participants were male, and most were
reported to have breastfed beyond 3 months (90.5%,
n=334). Nearly all (97.3%, n=359) participants had
signs of respiratory distress and hypoxia at presenta-
tion, with a median oxygen saturation of 89% (IQR 87,
90) on room air. Additionally, a quarter (n=94) of the
participants had at least one more WHO danger sign.
About one fifth (72, 19.5%) had a diagnosis of severe
pneumonia at admission, 4 (1%) were known to be HIV
infected, and 32 (8.7%) had severe pallor. The majority of
the participants were healthy with a median MUAC of
15.0 cm (IQR 14.0, 16.0). The median AFA was 5.6 cm?
(IQR 4.7, 6.8), median AMA 11.4 cm? (IQR 10.0, 12.7)
and AMC 12.2 cm (IQR 11.5, 12.9). The baseline clinical

MUAC (0.73, 95%CI 0.62-0.85) and the adjusted AUC
for AFA (0.75, 95%CI 0.62—0.88) (p=0.47). However, the
adjusted AUC for MUAC (0.73, 95%CI 0.62-0.85) was
significantly different from the adjusted AUC for AMA
(0.61, 95%CI 0.48-0.74) and AMC (0.63, 95%CI 0.51—
0.75) (p=0.01 and p=0.04 respectively). The AUC for
WAZ was not statistically different from that of MUAC
and AFA (0.73, 95%CI 0.60—0.87) (p=0.69 and p=0.99
respectively). Weight for Height z score (WHZ), HAZ
and BAZ had lower AUC than that of AFA and MUAC
(0.64 (95%CI 0.50—-0.78), 0.69 (95%CI 0.53—0.84) and 0.57
(95%CI 0.40-0.74) respectively) but this did not reach
statistical significance (p=0.19, 0.39, and 0.13 respec-
tively for comparison with AFA and p=0.23, 0.58 and
0.20 respectively for comparison with MUAC). The unad-
justed and adjusted AUC of AFA, AMA, AMC, AFA,
MUAC, WHZ, WAZ, BAZ and HAZ are summarized in
Table 2. The adjusted ROC curves are presented in Fig. 3.

Using the Cox survival analysis model, we estimated
the hazard ratios (HR) for Day 180 mortality for the
anthropometric measurements (unadjusted HR) and
adjusted HR after controlling for age, gender, and signs of
respiratory distress. The adjusted hazard ratios show that
a 1 unit increase in MUAC, AFA, AMC, WAZ and HAZ
significantly improves the chances of survival by 55%,
60%, 41%, 47%, and 30% respectively (p=0.01, <0.01,
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MUAC, AMA, AFA, AMC, WHZ, WAZ, BAZ & HAZ ROC plots

MUAC ROC: 0.704
AMA ROC: 0.590
AFA ROC: 0.748

- AMC ROC: 0.621
WHZ ROC: 0.617
WAZ ROC: 0.718
BAZ ROC: 0.573
HAZ ROC: 0.664

Reference

1.00 1
0.75
P
>
% 0.50
C
()]
n
0.25
0.00 1
I I I
0.00 0.25 0.50
1-Specificity

0.75

Fig. 3 Receiver Operating Curves showing ability of AUC for MUAC, AMC, AMA, AFA, WHZ, WAZ, BAZ, and HAZ to predict survival at 180 days. Adjusted for
age in months, gender, breastfeeding status and respiratory rate, MUAC; Mid upper arm circumference, AMC; Arm muscle circumference, AMA; Arm muscle area,
AFA; Arm fat area, WHZ; Weight for Height Z score, WAZ; Weight for Age Z score, BAZ; Body mass index for Age Z score, HAZ; Height for Age score

Table 3 Cox survival analysis model for mortality prediction of fat and muscle mass indices

Measure Unadjusted (N=368) Adjusted’ (N=367) Chi?p value*
Units HR (95%Cl) p value HR (95%Cl) p value

MUAC (cm) 0.48 (0.30-0.75) 0.01 046 (0.29-0.71) 0.01 Ref

AMC (cm) 0.63(0.40-1.01) 0.06 0.59 (0.37-0.95) 0.03 0.02

AMA (cm?) 0.82 (0.64-1.05) 0.12 0.79 (061-1.01) 0.07 <0.01

AFA (cm?) 0.44 (0.28-0.68) <0.01 0.40 (0.25-0.65) <0.01 0.54

WHZ 0.80 (0.55-1.15) 0.22 0.78 (0.54-1.13) 0.19 0.01

WAZ 0.55(0.37-0.82) <0.01 0.52 (0.35-0.79) <0.01 049

BAZ 0.96 (0.68-1.33) 0.79 0.95 (0.68-1.32) 0.75 0.01

HAZ 0.71(0.55-0.91) 0.01 0.70 (0.54-0.90) 0.01 0.07

'Adjusted for age in months, gender, breastfeeding status and respiratory rate, HR; Hazard ratio, MUAC; Mid upper arm circumference, AMC; Arm muscle
circumference, AMA; Arm muscle area, AFA; Arm fat area, WHZ; Weight for Height Z score, WAZ; Weight for Age Z score, BAZ; Body mass index for Age Z score, HAZ;
Height for Age score. *Chi?p value comparing the hazard ratios of AMC, AMA and AFA to that of MUAC

0.03, 0.01, and 0.01 respectively (Table 3). The hazard
ratio for AFA, 0.40 (95%C10.25-0.65) was not statistically
different from that of MUAC (0.46, 95%CI 0.29-0.71,
p=0.54), while that of AMC (0.59, 95%CI 0.37-0.95)
(p=0.03) was significantly lower than that of MUAC,
p=<0.01, (Table 3).

The hazard ratios for WHZ, and that of BAZ were sig-
nificantly different from that of MUAC Table 3.

Discussion

Summary of results

We compared the ability of fat and muscle mass indi-
ces to predict survival among children hospitalized for
severe pneumonia. Our findings show that in our set-
ting, although baseline arm fat area (AFA) among chil-
dren 6-59 months hospitalized with severe pneumonia
had a higher AUC than arm muscle indices (arm muscle
circumference and arm muscle area), the difference did
not reach statistical significance. However, survival pre-
diction using AFA in this population is not significantly
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different from the current gold standard (MUAC) using
AUC or hazard ratio. This suggests that AFA might pre-
dict 6-month survival better than arm muscle indices.

Body composition and survival

Muscle mass is expected to be most critical for survival of
a severe pneumonia episode given the role of respiratory
muscles in maintaining breathing. However, our findings
suggest that fat mass may be more important in the long
term for survival than muscle mass. Even though the area
under the curve for arm fat area is not significantly higher
than the area under the curve for arm muscle circumfer-
ence and arm muscle area, it is not statistically different
from that of mid upper arm circumference (the current
best predictor for mortality in children under 5 years).

Relationship between body composition and survival
This is consistent with findings from Van den Broeck et
al’s study among children without current comorbidi-
ties in rural Congo where low-fat mass predicted mor-
tality better than muscle mass in the long term (beyond
3 months) [15]. Van den Broeck et al. also reported that
both fat and muscle mass were better survival predictors
in the short term than weight for age. During starvation
states, as is the case of acute illnesses like severe pneumo-
nia, the body initially utilizes carbohydrate stores before
resorting to fat and partial protein metabolism upon their
depletion. The body then fully utilizes fat stores until
they are depleted and an alternative source of energy is
derived from protein stores for survival [25]. High fat
mass during these periods delays fatal depletion of the
body’s protein thus improving survival. Higher fat mass
has also been associated with improved survival even in
other illnesses including cancer in adults [26]. This may
explain the association between arm fat and survival in
the long term as some protein is reserved which is impor-
tant for maintenance of many cellular functions [7].
Severely malnourished children typically have depleted
fat reserves which as described above, increases their
risk of mortality [27]. However, our study participants
were not severely malnourished, and most had relatively
good nutritional status, since the median MUAC was
15 cm (IQR 14, 16) with only 1% children having HIV.
Thus, other factors more likely account for the asso-
ciation between fat mass and survival in this population
such as: (i) Fat is useful in the composition and function
of immune cells which are critical in fighting and preven-
tion of infection [28], (ii) Fat cells produce leptin which is
important in the regulation of both the innate and adap-
tive immunity via activation of immune cells including
neutrophils and macrophages as well as naive T and B
cells [29]. This means that prevention and control of fatal
acute and chronic infections is probably more effective
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among children with higher fat mass thus improving
their chances of survival.

Practical implications

These findings need to be confirmed in other set-
tings, particularly among children with common child-
hood conditions leading to hospitalization and poor
long-term outcomes, such as diarrheal illnesses. If con-
firmed, these findings are potentially relevant at clinical
and public health level for: (i) identification of normal
weight patients at higher risk of death following admis-
sion for common childhood conditions and (ii) design-
ing nutritional supplementation targeting increasing
fat mass such as lipid based nutritional supplements in
order to improve survival after hospital discharge in this
population.

Limitations

While this study assessed body composition which is a
better survival predictor than weight among children
hospitalized for severe pneumonia, it had some limita-
tions. First, the equations used for estimation of fat and
muscle mass indices are based on assumptions which
may not be entirely correct and may introduce informa-
tion bias. These equations were validated against mag-
netic resonance imaging (MRI) [22] in an older age group
(9-15 years) and might not hold true in younger children.
We were not able to perform bio-impedance analysis
for the participants, which would have provided more
accurate measurements for fat free mass, as arm anthro-
pometry is known to correlate better with fat mass than
fat free mass [17]. Although the results have a relatively
good precision, they were constrained by the limited
sample size from the main trial. Consequently, we were
not able to show a statistical difference between the fat
and muscle mass indices for prediction of survival in this
population. We were also not able to assess separately
how fat and muscle mass indices predicted survival at
the time of discharge from hospital and in the immediate
post discharge period (days 28 and 90 of follow up). Chil-
dren with severe malnutrition, known chronic lung dis-
eases, and congenital heart disease were excluded from
the study and this may have introduced selection bias.
Finally, this secondary analysis did not assess the impact
of unmeasured variables (confounders) such as the food
intake in individual patients during and after discharge
from hospital and leptin levels among others. All these
factors may have affected the findings of our study.

Conclusion

We were unable to demonstrate that muscle mass indices
predict survival among children with severe pneumonia
better than fat mass indices. Fat mass assessed by AFA
appears to predict 6-month survival better than muscle
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mass indices based on its performance against MUAC,
the current “gold standard” Separate effects of fat and
muscle could be considered when assessing the prognosis
and targeted interventions in future.

Abbreviations
AFA Arm Fat Area

AMA Arm Muscle Area

AMC Arm Muscle Circumference

AUC Area Under the Curve

@ Confidence Interval

COPD Chronic Obstructive Airways Disease
FM Fat Mass

FFM Fat Free Mass

KCH Kilifi County Hospital
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