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Abstract

Background

The reduction in severe and moderate acute malnutrition (SAM and MAM) rates in Pakistan

has been sub-optimal compared to other low-and middle-income countries (LMICs). Spe-

cially-formulated products have been designed globally to manage SAM and MAM, such as

ready-to-use therapeutic food (RUTF) and ready-to-use supplementary food (RUSF), with

variable efficacies. RUTF is primarily produced and patented in industrialized countries,

raising supply challenges in resource-constrained regions with a high burden of acute mal-

nutrition. RUSF minimizes costs by using locally-available ingredients while providing similar

nutritional value. In this study, we compared the efficacy, side effects, and compliance of

two months of supplementation with either RUTF or RUSF.

Methods

Children aged nine months in the rural district of Matiari, Pakistan, with a weight-for-height

z-score (WHZ) <-2 received either RUTF (500 kcal sachet) for two months in 2015 or RUSF

(520 kcal sachet) for two months in 2018.

Results

The RUSF group had a higher height gain and mid-upper arm circumferences (MUAC)

score. Higher compliance was noted with lower side effects in the RUSF group. A higher

compliance rate did correlate with the growth parameters in respective groups.

Conclusion

Our study found that both RUTF and RUSF partially improve the anthropometric status of

acutely malnourished children, with neither being superior to the other.
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1. Background

Stunting, wasting, and underweight are widely recognized forms of malnutrition. Wasting is

an acute form of malnutrition in which a child has low weight-for-height, classified as either

moderate acute malnutrition (MAM) or severe acute malnutrition (SAM). Mid-upper arm cir-

cumference (MUAC) is another anthropometric measure used to predict malnutrition-associ-

ated outcomes including SAM (<115 mm) and MAM (�115 mm and<125 mm). SAM is

particularly life-threatening and requires early detection and treatment before the onset of

complications. Per the latest World Health Organization (WHO) estimates, 51 million chil-

dren under the age of five are wasted, of whom 17 million are severely wasted. Recently, there

has been a rise in wasting or acute malnutrition prevalence in Pakistan, increasing from 15.1%

in 2011 to 17.7% in 2018 [1]. Many products and approaches have been considered in the past

two decades to prevent and treat acute malnutrition in children [2, 3], including ready-to-use

therapeutic food (RUTF), a lipid-based nutrient supplement (such as peanut-based Plumpy’-

Nut1). WHO/UNICEF protocols have endorsed RUTF for treating uncomplicated SAM due

to their relatively higher energy content, longer shelf life, and overall efficacy [4]. However,

RUTF is costly, primarily produced and patented in high-income countries (HICs) [5]. The

centralized production of RUTF in industrialized countries results in supply chain challenges

to regions with a higher burden of malnutrition, such as Pakistan, which has been further

delayed since the COVID-19 pandemic.

These challenges stimulated the development of locally-made fortified food blends, known

as ready-to-use supplementary food (RUSF). RUSF provides higher energy for children with

moderate acute malnutrition (MAM) and is more cost-effective, socially acceptable, and read-

ily available [6, 7]. Currently, there is no standardized nutrient composition of RUSF to man-

age acute malnutrition [8]. Several RUSFs have been formulated and tested across

malnourished endemic regions such as Africa and South Asia, demonstrating variable efficacy

[7, 9–11]. Current treatments also differentiate SAM from MAM by prescribing different

products and protocols [12]. A combined protocol for SAM and MAM with RUSF developed

locally may prove more therapeutically- and cost-effective in children under five across low-

and middle-income countries (LMICs) with a high burden of malnutrition [13]. Even though

many guidelines propose either the use of RUSF or RUTF for different clinical syndromes, in

terms of nutritional composition, they are essentially the same as shown in Fig 1. In this study,

we compared the growth trends, compliance, and side effects of a well-recognized RUTF

(Plumpy’Nut1) against a locally-made RUSF (AchaMum) in a rural population of moderate-

to-severely malnourished children.

2. Methodology

2.1 Description of cohorts and study site

The Environmental Enteropathy Study (EES), the RUTF cohort, was conducted from April

2013 to November 2015. The Study of Environmental Enteropathy (SEEM), the RUSF cohort,

was conducted from March 2016 to March 2019. The primary objective of both studies was to

determine the biomarkers for environmental enteropathy in malnourished children. As we

had experienced import challenges in administering RUTF (Plumpy’Nut1) in our first EES

study [14, 15], we procured locally-made RUSF (AchaMum) for the subsequent SEEM study.

We provided outpatient nutritional rehabilitation to uncomplicated SAM and MAM children,

defined as weight-for-height z-score (WHZ) < -3 and WHZ< -2 and > -3, respectively. In

EES, we treated SAM and MAM children with RUTF (n = 65), whereas in SEEM, we treated

SAM and MAM children with locally-made RUSF (n = 187). Both studies were conducted in

PLOS ONE RUTF vs. RUSF for acutely malnourished children

PLOS ONE | https://doi.org/10.1371/journal.pone.0287962 July 12, 2023 2 / 13

the study, nor the decision to publish or the

preparation of this manuscript.

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0287962


the rural district of Matiari, located in the Sindh province of Pakistan. The Department of

Pediatrics and Child Health at Aga Khan University has a well-established research center in

Matiari, one of Sindh province’s rural districts [14–21].

2.2 Study design

In both EES and SEEM, children were registered within one month of their birth and followed

weekly until 18 months and 24 months old, respectively. On every weekly visit, project-hired

data collectors recorded the number of days with reported symptoms of acute respiratory ill-

ness, vomiting, and diarrhea in the preceding week. Data collectors took monthly anthropo-

metric measurements, including height (1 mm precision using a rigid length board with a

movable foot piece) and weight (20 g precision electronic scale; TANITA 1584) of all enrolled

children. In EES, we provided children identified as having moderate to severe malnutrition

(WHZ<-2) at nine months of age with educational and nutritional rehabilitation interven-

tions. The nutritional intervention was weight-appropriate RUTF for two months (200 kcal/

kg/day), and data collectors monitored compliance weekly. In SEEM, from 3–6 months, if the

Fig 1. a. Front side of AchaMum ready-to-use supplementary food (RUSF). b. Back side of AchaMum ready-to-use supplementary food (RUSF).

https://doi.org/10.1371/journal.pone.0287962.g001
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child’s weight-for-height z-score (WHZ) was<-2, the child was enrolled by the study physi-

cian on revalidation of the score recorded by the data collectors. From 6 months to 9 months,

parents of enrolled children were counseled on weaning and complimentary food supplemen-

tation through a ten-minute video message and one-on-one counseling every month. Children

with a WHZ score of<-2 at nine months of age were eligible for nutrition intervention with

weekly compliance monitoring. We provided RUSF intervention (one sachet per day for two

months) to the children with WHZ <-2 but�-3. For WHZ<-3, the sachet was supplied as

per child weight (200 kcal/kg/day), similar to RUTF [22]. Compliance was calculated based on

the empty wrappers returned by mothers. Side effects, such as diarrhea, vomiting, and abdomi-

nal pain, were noted separately alongside the overall morbidity patterns of the study partici-

pants based on the mothers’ perceptions and recall. RUSF was readily available locally and

administered to one of the cohorts because of the supply challenges of RUTF.

2.3 Data collection

Project-hired data collectors who could speak, read and write the local language (Sindhi) were

recruited for the study. Each union council was divided into two areas for logistics purposes.

Data and laboratory samples were collected at the domiciliary level. Study physicians were

hired for the enrollment and management of sick children. We collected detailed data on

maternal and paternal education, employment, obstetric history, socioeconomic status, house-

hold food insecurity index, child’s clinical assessment, and illness history and treatment at the

time of enrollment.

2.4 Data quality assurance

In both EES and SEEM, five percent of all field activities were monitored by project monitors.

Weighing machines were calibrated with standardized weights daily. Length boards for chil-

dren and height scales for parents were calibrated biweekly. Monitoring mechanisms included

accompanied and independent visits. Monthly anthropometric readings were reviewed daily

for outliers and were validated within 24–48 hours by monitors. Quarterly anthropometric

standardization sessions were arranged for workers.

2.5 Data management

In EES, data were collected and stored as hard copies, which were reviewed daily by the data

editor for logical checks and form completion. The data management unit (DMU) entered all

forms in a computerized system daily. In SEEM, data were entered directly via an electronic

tablet into a customized application in the Android operating system. The application was pro-

grammed using XML and Java. Initial data entry was stored locally in the tablet’s internal

memory and was synchronized daily at the local server in the Matiari data management unit.

Server data was backed-up daily at local and remote servers in Karachi.

2.6 Statistical analysis

Statistical analysis was performed on the two obtained data sets (EES and SEEM). Descriptive

statistics were reported as frequency percent, mean/median with standard deviation, and inter-

quartile range (IQR) as appropriate. Independent two-sample T-test and Mann Whitney U

test were used to test the difference in the continuous measures between the RUSF group and

RUTF group children while the chi-square test was used to test the difference in the categorical

measures between the RUSF group and RUTF group. The anthropometric indicator status is

presented at the start and two months after the intervention. All growth indicators were

PLOS ONE RUTF vs. RUSF for acutely malnourished children

PLOS ONE | https://doi.org/10.1371/journal.pone.0287962 July 12, 2023 4 / 13

https://doi.org/10.1371/journal.pone.0287962


compared post-intervention based on compliance, categorized as compliance <75% and

�75% per the percent of empty sachets returned by the mother/guardian. The rate of growth

change per month in both cohorts was calculated from birth until one year at 3-monthly inter-

vals. All statistical analyses were performed using Stata 17, and p-values<0.05 were considered

statistically significant.

2.7 Ethics statement

The study protocols for EES and SEEM were approved by the Ethical Review Committee

(ERC) of Aga Khan University in 2013 (Protocol 2446-Ped-ERC-13) and 2015 (Protocol

3836-Ped-ERC-15), respectively. After parents or legal guardians obtained written informed

consent, children were enrolled in both studies. All human subject research ethics were fol-

lowed following relevant guidelines and regulations during the entire duration of the studies.

3. Results

The baseline characteristics of both cohorts at the time of enrollment are outlined in Table 1.

A total of 65 participants in the RUTF group and 187 participants in the RUSF group were

enrolled. 60% of children were born in the hospital in the RUTF group, compared to 76% in

the RUSF group (p = 0.011). The average gestational age at birth was 36.6 weeks among the

RUTF group, comparatively lower than the 38.5 weeks for the RUSF group (p<0.001). Nota-

bly, the maternal age was higher within the RUTF group, with 70% of mothers aged 30–49,

compared to only 44% of mothers in the RUSF group (p<0.001). Both the groups significantly

differed in WHZ and WAZ scores from registration until 6 months (p<0.001) but they were

similar at the time of intervention at 9 months (Fig 2).

The anthropometric indicators are outlined in Table 2, and growth trajectories until one

year for both cohorts are shown in Figs 2 and 3. The average increase in weight during the two

months of intervention in the RUTF group was 620 grams compared to the 680 grams in the

RUSF group (p>0.290). During the same period, the average height increase was 1.4 cm in the

RUTF group and 2.2 cm in the RUSF group (p<0.001). With MUAC as the anthropometric

indicator, the proportional change in MUAC from <115mm to>115 mm at the end of the

intervention was lower in the RUTF group compared to the RUSF group (31% vs. 42%,

p<0.001).

When observing compliance across both groups, the RUTF group had lower average com-

pliance than the RUSF group, with mean two-month compliance of 45%, compared to 81% for

RUSF (p<0.001) (Table 3).

Limiting our analysis to the compliance of nutritional intervention (<75% and�75%) with

anthropometric indicators at 2 months after initiation, we reported key findings in Table 4.

When compliance was lower (<75%), children in the RUTF group had slightly higher

weight gain (p = 0.005), WAZ (p = 0.014), and WHZ (p<0.001) scores whereas the height gain

(p<0.001), HAZ (p = 0.008) and MUAC (p = 0.003) scores were higher in the RUSF group.

When compliance was higher (�75%), children in the RUSF group and RUTF group had

similar weight gain whereas higher height gain in the RUSF group compared to the RUTF

group (p<0.003). The MUAC scores were higher with better compliance in the RUSF group

(<75%) (p = 0.003).

Side effects of RUTF and RUSF were documented weekly for both cohorts as per the subjec-

tive perceptions of the mothers, reported in Table 5. In the RUTF group, 54 (83.1%) partici-

pants had diarrhea as a side effect at least once. In the RUSF group, 73 (39%) participants had

diarrhea, and 38 (20.3%) participants had vomited at least once. When comparing the side

effects of the nutritional interventions at each follow-up, the RUSF group had a lower
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proportion of children with diarrhea (n = 155; 8.9%) (p<0.001) at follow-up visits than those

who received RUTF (n = 167; 18.2%). However, vomiting was noted to be present only in the

RUSF group at 74 follow-ups (4.2%) (p<0.001), with no vomiting reports from children who

received RUTF.

Together, these data suggest that RUTF intervention showed more improvement in WHZ

outcomes. In contrast, the RUSF intervention showed more improvement in average height,

Table 1. Baseline characteristics of children at the time of registration.

Characteristics RUTF group (n = 65) RUSF group (n = 187) P-values

Age at time of registration (days) 5.1 ± 4.1 6.6 ± 6.4 0.077

Newborn gender 0.220

Male, n (%) 35 (53.8) 117 (62.6)

Female, n (%) 30 (46.2) 70 (37.4)

Birthplace 0.011

Hospital/Maternity home, n (%) 39 (60.0) 142 (76.3)

Home, n (%) 26 (40.0) 44 (23.7)

Gestational age at birth (weeks) 36.6 ± 1.0 38.5 ± 1.3 <0.001

Age of mother <0.001

15–29 years, n (%) 19 (29.7) 104 (55.6)

30–49 years, n (%) 45 (70.3) 83 (44.4)

Mother education

No formal education, n (%) 58 (89.2) 166 (88.8) 0.920

Literate, n (%) 7 (10.8) 21 (11.2)

Child ever breastfed 0.790

Yes, n (%) 64 (98.5) 177 (97.3)

No, n (%) 1 (1.5) 4 (2.2)

Don’t know, n (%) 0 (0.0) 1 (0.5)

Early initiation of breastfeeding 0.024

Immediately after birth (first hour), n (%) 12 (18.8) 19 (10.5)

1–6 hours after birth, n (%) 31 (48.4) 102 (56.4)

7–12 hours after birth, n (%) 16 (25.0) 24 (13.3)

13–24 hours after birth, n (%) 3 (4.7) 24 (13.3)

More than 24 hours, n (%) 2 (3.1) 12 (6.6)

Height for Age z-score* 0.970

<-3, n (%) 12 (18.8) 34 (18.4)

�-3 and <-2, n (%) 18 (28.1) 55 (29.7)

�-2, n (%) 34 (53.1) 96 (51.9)

HAZ, median (IQR) -1.8 (-2.7–1.2) -1.9 (-2.7–1.2) 0.880

Weight for height z-score* 0.028

<-3, n (%) 0 (0.0) 11 (7.7)

�-3 and <-2, n (%) 6 (12.0) 31 (21.7)

�-2, n (%) 44 (88.0) 101 (70.6)

WHZ, median (IQR) -0.4 (-1.2–0.2) -1.46 (-2.1–0.7) <0.001

Weight for Age z-score* 0.012

<-3, n (%) 8 (12.3) 46 (24.9)

�-3 and <-2, n (%) 17 (26.2) 63 (34.1)

�-2, n (%) 40 (61.5) 76 (41.1)

WAZ, median (IQR) -1.55 (-2.5–1.1) -2.2 (-3.0–1.6) <0.001

*Within one week of the age of birth

https://doi.org/10.1371/journal.pone.0287962.t001
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HAZ, and MUAC outcomes. We found that a higher compliance rate did correlate with the

growth parameters. Of note, the MUAC and average height showed significantly better

improvement in the high-compliance RUSF cohort compared to the RUTF cohort after the

2-month intervention.

4. Discussion

To our knowledge, our study was the first for the treatment of SAM globally to compare RUTF

to a locally-made RUSF. This study compared two cohorts of acutely malnourished children in

a rural district of Pakistan who received up to 2 months of RUTF or RUSF intervention. From

these data, we assessed the improvement in growth parameters of children enrolled at nine

months of age who had a WHZ< -2. This present study provides evidence of the efficacy of

SAM/MAM treatment protocols, community-based management of acute malnutrition

(CMAM), and different formulas for RUSF. By understanding the strengths and weaknesses of

nutritional intervention strategies, we can improve the efficacy, accessibility, and affordability

of nutritional supplementation for acutely malnourished children in resource-constrained set-

tings [23].

Our trial was a quasi-experimental study; there were potential confounders in the popula-

tion characteristics (e.g., WAZ and WHZ in the neonatal period), which may account for the

differences in clinical profiles seen in either interventional group. Although both cohorts

shared similar anthropometric profiles at the time of intervention (e.g., nine months of age),

growth trajectories differed in the months preceding the intervention, as shown in Fig 2. Chil-

dren in the RUTF group had higher WAZ and WHZ from 1 to 6 months. The RUTF group

showed some regression of WAZ and WHZ between 6–9 months before the intervention, with

ensuing similar anthropometric profiles at 9 months in both RUSF and RUTF groups (Fig 2).

Both RUSF and RUTF groups improved weight and WAZ after the intervention but there was

no statistical difference to the degree of improvement they caused. This could be because of

the RUSF product itself or simply the phenomena of regression to the means across both

groups. The trajectory of both the groups was similar regarding HAZ from 1 to 9 months.

However, the RUTF group showed less improvement in height and HAZ after the intervention

compared to the RUSF group. This may be because of chance, the nutritional intervention

itself, or the different catch-up growth velocities across both groups.

We found a significant reduction in the SAM burden of children, as demonstrated by

increased WHZ and MUAC in the treatment cohorts in both groups. Still, we found poor con-

cordance between these two indicators in either supplementation group, agreeing with previ-

ous observations [24, 25]. We found that the degree of effectiveness for each supplementation

Fig 2. The trajectory of a) WAZ, b) WHZ, and c) HAZ from birth until 1 year of age in both cohorts. There is a significant difference in the WAZ and WHZ

scores between RUTF and RUSF cohorts from 0–6 months.

https://doi.org/10.1371/journal.pone.0287962.g002
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strategy in reducing the incidence of wasting or severe wasting varied depending on the metric

used, with greater improvement seen when measuring WHZ—nevertheless, a noticeable

reduction in SAM burden as measured by either score. Our findings suggest that there may be

no appreciable difference in efficacy against wasting between RUTF and RUSF since we found

WHZ to be better responsive to RUTF and MUAC better responsive to RUSF.

RUTF is already established for use in acutely malnourished children for outpatient thera-

peutic programs (OTPs), whereas RUSF is used for supplementary feeding programs (SFPs)

[26]. In the last two decades, there has been interest in developing locally produced ready-to-

use foods, which is more acceptable due to the use of local, readily-consumed ingredients (e.g.,

maze in AchaMum) used in their formulations [27]. In this study, families provided with

locally-made RUSF demonstrated significantly greater levels of compliance, suggesting that

Table 2. Anthropometric indicators of children at the time of intervention (9 months), one month, and two months after the intervention.

RUTF group (n = 65) RUSF group (n = 187) P-values

Age (months) at the time of initiation of intervention, Mean ± SD 9.0 ± 0.2 9.9 ± 1.5 <0.001

Height-for-Age

HAZ <-2 at the time of initiation of intervention, n (%) 45 (75.0) 100 (68.0) 0.320

HAZ <-2 at One month after intervention, n (%) 50 (82.0) 108 (75.0) 0.280

HAZ <-2 at Two months after intervention, n (%) 50 (82.0) 92 (73.6) 0.210

Δ*HAZ, (Mean ± SD) -0.25 ± 0.2 -0.05 ± 0.4 <0.001

Δ*Height, (Mean ± SD), (centimeters) 1.38 ± 0.6 2.16 ± 0.9 <0.001

Weight-for-Height

Δ*WHZ during two months of the intervention (Mean ± SD) 0.83 ± 0.6 0.41 ± 0.9 <0.001

WHZ< -3 at the time of initiation of intervention, n (%) 16 (25.4) 36 (24.5) 0.890

WHZ< -2 to -3 at the time of initiation of intervention, n (%) ** 45 (71.4) 94 (63.9) 0.290

WHZ< -3 at one month after intervention, n (%) 14 (21.5) 32 (22.1) 0.930

WHZ< -2 to -3 at one month after intervention, n (%) 30 (46.2) 72 (49.7) 0.640

WHZ< -3 at two months after intervention, n (%) 4 (6.2) 28 (21.9) 0.006

WHZ< -2 to -3 at two months after intervention, n (%) 17 (26.2) 48 (37.5) 0.110

Weight-for-Age

Δ*Weight, Mean ± SD (grams) 620 ± 300 680 ± 500 0.290

Δ*WAZ, Mean ± SD 0.50 ± 0.4 0.36 ± 0.6 0.110

WAZ < -2 at the time of initiation of intervention, n (%) 60 (98.4) 135 (95.7) 0.350

WAZ < -2 at one month after intervention, n (%) 62 (98.4) 126 (90.6) 0.044

WAZ < -2 at two months after intervention, n (%) 57 (89.1) 112 (90.3) 0.790

MUAC

<115 mm at the start of intervention, n (%) 36 (56.3) 38 (25.5) <0.001

115mm-124mm at the start of intervention, n (%) 23 (35.9) 55 (36.9)

�125mm at the start of intervention, n (%) 5 (7.8) 56 (37.6)

<115 mm at one month after intervention, n (%) 32 (49.2) 26 (17.8) <0.001

115mm-124mm at one month after intervention (n, %) 29 (44.6) 52 (35.6)

�125mm at one month after intervention, n (%) 4 (6.2) 68 (46.6)

<115 mm at two months after intervention, n (%) 25 (38.5) 22 (17.1) <0.001

115mm-124mm at two months after intervention, n (%) 31 (47.7) 43 (33.3)

�125mm at two months after intervention, n (%) 9 (13.8) 64 (49.6)

* Δ = Change during the two months of intervention

**Some children at borderline WHZ such as -1.9 who had a declining growth trend were also given nutritional intervention despite not being at the anthropometric cut-

off.

https://doi.org/10.1371/journal.pone.0287962.t002

PLOS ONE RUTF vs. RUSF for acutely malnourished children

PLOS ONE | https://doi.org/10.1371/journal.pone.0287962 July 12, 2023 8 / 13

https://doi.org/10.1371/journal.pone.0287962.t002
https://doi.org/10.1371/journal.pone.0287962


there is greater cultural support for locally-made nutritional supplements. Considering the

logistical and financial burden upon health systems to procure imported RUTF, we expect that

locally-made RUSF may be used safely in providing nutritional intervention to malnourished

children in LMICs [28]. The chemical composition of the nutritional interventions is summa-

rized in Table 6.

Our study has a few limitations. First, we documented the compliance within each house-

hold as per the number of sachets returned; we do not know for sure whether the target child

consumed the supplement or shared it with other members of the household. This may be one

of the reasons explaining the comparatively lower weight gain in the RUSF group despite

higher compliance rates than the RUTF group. Second, the nutritional interventions differed

by their dosing regimens. RUTF was dosed according to the child’s weight regardless of the

severity of acute malnutrition, while RUSF was administered dependent upon weight in chil-

dren with SAM and MAM children who received 2 sachets only irrespective of their weight.

Third, side effects were self-reported by parents and not by trained medical professionals.

Fourth, although both cohorts were established in the Matiari district of Pakistan, the baseline

characteristics of the RUTF group were different from the RUSF group, and the studies were

independently completed two years apart. Nevertheless, we observed a comparable prevalence

of wasted and underweight children in both supplementation groups before the intervention.

Finally, we do not know whether diarrhea was due to an underlying infectious etiology as a

side effect of supplementation, as we did not collect stool samples for further workup.

Fig 3. The trajectory of a) weight (kgs) and b) height (cms) from birth until 1 year of age in both cohorts.

https://doi.org/10.1371/journal.pone.0287962.g003

Table 3. Compliance across groups in the 1st and 2nd months of intervention.

RUTF group (n = 65) RUSF group (n = 187)

Compliance* at one month after intervention**
<75% compliance, n (%) 48 (90.6) 74 (40.2) <0.001

�75% compliance, n (%) 5 (9.4) 110 (59.8)

Average compliance, n (%) 37.2 ± 25.3 76.5 ± 23.4 <0.001

Compliance* at two months after the intervention** <0.001

<75% compliance, n (%) 44 (83.0) 52 (29.5)

�75% compliance, n (%) 9 (17.0) 124 (70.5)

Average compliance, n (%) 45.1 ± 26.3 81.3 ± 24.0 <0.001

* Compliance = [(Total packet used/total packet given) *100]

** Some participants were either lost to follow-up or the visit was not conducted in that time frame.

https://doi.org/10.1371/journal.pone.0287962.t003
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5. Conclusion

Our paper tests the current guidelines that SAM should be treated with RUTF and MAM with

RUSF. We test this convention in a real-world quasi-experimental design. Chemically, there is

negligible difference in RUSF vs RUTF beyond ingredients. Here, we also found no difference

Table 4. Compliance-based association of anthropometric indicators among children at 1 and 2 months after initiation of intervention.

After two months

Compliance Compliance <75% Compliance�75%

Group RUTF group

(n = 44)

RUSF group

(n = 52)

P-

values

RUTF group

(n = 9)

RUSF group

(n = 124)

P-

values

Height-for-Age

Δ*Height (centimeters) during two months of the

intervention, Mean ± SD

1.55 ± 0.61 2.19 ± 0.99 <0.001 1.29 ± 0.71 2.14 ± 0.81 0.003

Δ*HAZ, Mean ± SD -0.24 ± 0.23 -0.04 ± 0.38 0.008 -0.26 ± 0.31 -0.05 ± 0.34 0.110

<-3, n (%) 15 (35) 18 (55) 0.026 4 (50.0) 43 (46.7) 0.700

�-3 and <-2, n (%) 19 (44) 5 (15) 3 (37.5) 26 (28.3)

�-2, n (%) 9 (21) 10 (30) 1 (12.5) 23 (25.0)

Weight-for-Height

Δ*WHZ during two months of the intervention,

Mean ± SD

0.84 ± 0.60 0.13 ± 0.75 <0.001 0.76 ± 0.41 0.52 ± 0.86 0.420

<-3, n (%) 2 (5) 10 (29) <0.001 1 (11.1) 18 (19.4) 0.500

�-3 and <-2, n (%) 10 (23) 16 (46) 2 (22.2) 32 (34.4)

�-2, n (%) 32 (73) 9 (26) 6 (66.7) 43 (46.2)

Weight-for-Age

Δ*Weight (grams), Mean ± SD 740 ± 360 490 ± 400 0.005 600 ± 230 670 ± 450 0.630

Δ*WAZ, Mean ± SD 0.53 ± 0.42 0.23 ± 0.59 0.014 0.44 ± 0.28 0.40 ± 0.64 0.890

<-3, n (%) 16 (36) 17 (53) 0.340 5 (62.5) 49 (53.3) 0.640

�-3 and <-2, n (%) 22 (50) 12 (38) 3 (37.5) 34 (37.0)

�-2, n (%) 6 (14) 3 (9) 0 (0.0) 9 (9.8)

MUAC

MUAC, Mean ± SD, (millimeters) 116.73 ± 7.01 122.60 ± 10.18 0.003 113.22 ± 14.69 124.52 ± 10.09 0.003

< 110 mm, n (%) 5 (11) 5 (14) <0.001 3 (33.3) 10 (10.6) 0.160

110mm-124mm, n (%) 34 (77) 12 (34) 4 (44.4) 38 (40.4)

125mm-135mm, n (%) 5 (11) 15 (43) 2 (22.2) 29 (30.9)

>135mm 0 (0) 3 (9) 0 (0.0) 17 (18.1)

* Δ = Change during the two months of intervention

https://doi.org/10.1371/journal.pone.0287962.t004

Table 5. Side effects of nutritional intervention administration.

RUTF group (n = 65) RUSF group (n = 187) P-values

Side effects at least once

Diarrhea, n (%) 54 (83.1) 73 (39.0) <0.001

Vomiting, n (%) 0 (0.0) 38 (20.3) <0.001

Abdominal pain, n (%) 0 (0.0) 0 (0.0) -

Number of follow-ups 918 1748

Side effects

Diarrhea, n (%) 167 (18.2) 155 (8.9) <0.001

Vomiting, n (%) 0 (0.0) 74 (4.2) <0.001

Abdominal pain, n (%) 0 (0.0) 0 (0.0) -

https://doi.org/10.1371/journal.pone.0287962.t005
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in effectiveness. Our paper challenges the prevalent dogma that SAM and MAM be treated

with RUSF and RUSF, respectively. We feel that they are both interchangeable and the choice

should be made on availability, affordability, and practicality. Complexities are present in the

management of SAM and MAM which may be unnecessary and unfounded. Our data sup-

ports that both RUSF and RUTF may be used continually for SAM and MAM treatment with

the only difference being dosage.

Supporting information

S1 Datasets.

(ZIP)

Author Contributions

Conceptualization: Azza Sarfraz, Sana Syed, Sean R. Moore, Syed Asad Ali.

Data curation: Sajid Muhammad, Najeeb Rehman.

Formal analysis: Sajid Muhammad, Najeeb Rehman.

Table 6. Chemical composition of AchaMum and Plumpy’Nut.

Nutrition Facts Composition Per 100g Serving

Achamum Plumpy’Nut

Energy, kcal 513–550 520–550

Fat, g 30–38.6 26–36

Protein, g 12.6–15.4 13–16

Vitamin & Minerals

Vitamin A, mg 0.6–1.0 0.8–1.1

Thiamin, mg 0.6–1.3 �0.5

Riboflavin, mg 0.8–2.2 �1.6

Niacin, mg 5.3–15 �5

Pantothenic acid, mg 2.5–4.5 �3

Pyridoxine, mg 0.6–1.5 �0.6

Biotin, μg 12–85 �60

Folic acid, μg 210–254 �200

Cobalamin, μg 1.3–2.5 �1.6

Vitamin C, mg 53–132 �50

Vitamin D, μg 7–23 15–20

Vitamin E, mg 16–30 �20

Vitamin K, μg 23–38 15–30

Calcium, mg 300–545 300–600

Copper, mg 0.5–2 1.4–1.8

Iodine, μg 85–150 70–140

Iron, mg 8–13 10–14

Magnesium, mg 80–150 80–140

Phosphorus, mg 300–490 300–600

Potassium, mg 760–1,210 1,100–1,400

Selenium, μg 8–37 20–40

Sodium, mg <290 <290

Zinc, mg 11–15 11–14

https://doi.org/10.1371/journal.pone.0287962.t006

PLOS ONE RUTF vs. RUSF for acutely malnourished children

PLOS ONE | https://doi.org/10.1371/journal.pone.0287962 July 12, 2023 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0287962.s001
https://doi.org/10.1371/journal.pone.0287962.t006
https://doi.org/10.1371/journal.pone.0287962


Funding acquisition: Sean R. Moore, Syed Asad Ali.

Investigation: Najeeb Rehman, Sanam Iram Soomro, Khaliq Qureshi, Sadaf Jakhro, Fayaz

Umrani, Syed Asad Ali.

Methodology: Sajid Muhammad, Najeeb Rehman, Syed Asad Ali.

Project administration: Sheraz Ahmed, Sanam Iram Soomro, Khaliq Qureshi, Sadaf Jakhro,

Fayaz Umrani, Syed Asad Ali.

Software: Sajid Muhammad, Najeeb Rehman.

Supervision: Sheraz Ahmed, Sanam Iram Soomro, Khaliq Qureshi, Sadaf Jakhro, Fayaz

Umrani, Sean R. Moore, Syed Asad Ali.

Validation: Syed Asad Ali.

Visualization: Syed Asad Ali.

Writing – original draft: Azza Sarfraz, Sheraz Ahmed, Syed Asad Ali.

Writing – review & editing: Azza Sarfraz, Sheraz Ahmed, Adam Greene, Sana Syed, Sean R.

Moore, Syed Asad Ali.

References

1. ICF NI of PS (NIPS) [Pakistan] and. Pakistan Demographic and Health Survey (PDHS) 2017–18. Natl

Inst Popul Stud Islam Pakistan, United States Agency Int Dev [Internet]. 2018; Available from: https://

dhsprogram.com/pubs/pdf/FR354/FR354.pdf

2. Medoua GN, Ntsama PM, Ndzana ACA, Essa’a VJ, Tsafack JJT, Dimodi HT. Recovery rate of children

with moderate acute malnutrition treated with ready-to-use supplementary food (RUSF) or improved

corn–soya blend (CSB+): a randomized controlled trial. Public Health Nutr. 2016; 19(2):363–70. https://

doi.org/10.1017/S1368980015001238 PMID: 25939394

3. Karakochuk C, van den Briel T, Stephens D, Zlotkin S. Treatment of moderate acute malnutrition with

ready-to-use supplementary food results in higher overall recovery rates compared with a corn-soya

blend in children in southern Ethiopia: an operations research trial. Am J Clin Nutr. 2012; 96(4):911–6.

https://doi.org/10.3945/ajcn.111.029744 PMID: 22952175

4. Santini A, Novellino E, Armini V, Ritieni A. State of the art of Ready-to-Use Therapeutic Food: A tool for

nutraceuticals addition to foodstuff. Food Chem. 2013; 140(4):843–9. https://doi.org/10.1016/j.

foodchem.2012.10.098 PMID: 23692774

5. Greiner T. The advantages, disadvantages and risks of ready-to-use foods. Breastfeed Briefs. 2014; 56

(57):1–22.

6. Weber JM, Ryan KN, Tandon R, Mathur M, Girma T, Steiner-Asiedu M, et al. Acceptability of locally pro-

duced ready-to-use therapeutic foods in Ethiopia, Ghana, Pakistan and India. Matern Child Nutr. 2017;

13(2):e12250. https://doi.org/10.1111/mcn.12250 PMID: 26776270

7. Borg B, Mihrshahi S, Laillou A, Sigh S, Sok D, Peters R, et al. Development and testing of locally-pro-

duced ready-to-use therapeutic and supplementary foods (RUTFs and RUSFs) in Cambodia: lessons

learned. BMC Public Health. 2019; 19(1):1–9.

8. Stobaugh HC, Ryan KN, Kennedy JA, Grise JB, Crocker AH, Thakwalakwa C, et al. Including whey pro-

tein and whey permeate in ready-to-use supplementary food improves recovery rates in children with

moderate acute malnutrition: a randomized, double-blind clinical trial. Am J Clin Nutr. 2016; 103

(3):926–33. https://doi.org/10.3945/ajcn.115.124636 PMID: 26864368

9. Nikièma L, Huybregts L, Kolsteren P, Lanou H, Tiendrebeogo S, Bouckaert K, et al. Treating moderate

acute malnutrition in first-line health services: an effectiveness cluster-randomized trial in Burkina Faso.

Am J Clin Nutr. 2014; 100(1):241–9. https://doi.org/10.3945/ajcn.113.072538 PMID: 24808482

10. Ackatia-Armah RS, McDonald CM, Doumbia S, Erhardt JG, Hamer DH, Brown KH. Malian children with

moderate acute malnutrition who are treated with lipid-based dietary supplements have greater weight

gains and recovery rates than those treated with locally produced cereal-legume products: a commu-

nity-based, cluster-randomized trial. Am J Clin Nutr. 2015; 101(3):632–45. https://doi.org/10.3945/ajcn.

113.069807 PMID: 25733649

PLOS ONE RUTF vs. RUSF for acutely malnourished children

PLOS ONE | https://doi.org/10.1371/journal.pone.0287962 July 12, 2023 12 / 13

https://dhsprogram.com/pubs/pdf/FR354/FR354.pdf
https://dhsprogram.com/pubs/pdf/FR354/FR354.pdf
https://doi.org/10.1017/S1368980015001238
https://doi.org/10.1017/S1368980015001238
http://www.ncbi.nlm.nih.gov/pubmed/25939394
https://doi.org/10.3945/ajcn.111.029744
http://www.ncbi.nlm.nih.gov/pubmed/22952175
https://doi.org/10.1016/j.foodchem.2012.10.098
https://doi.org/10.1016/j.foodchem.2012.10.098
http://www.ncbi.nlm.nih.gov/pubmed/23692774
https://doi.org/10.1111/mcn.12250
http://www.ncbi.nlm.nih.gov/pubmed/26776270
https://doi.org/10.3945/ajcn.115.124636
http://www.ncbi.nlm.nih.gov/pubmed/26864368
https://doi.org/10.3945/ajcn.113.072538
http://www.ncbi.nlm.nih.gov/pubmed/24808482
https://doi.org/10.3945/ajcn.113.069807
https://doi.org/10.3945/ajcn.113.069807
http://www.ncbi.nlm.nih.gov/pubmed/25733649
https://doi.org/10.1371/journal.pone.0287962


11. LaGrone LN, Trehan I, Meuli GJ, Wang RJ, Thakwalakwa C, Maleta K, et al. A novel fortified blended

flour, corn-soy blend ‘plus-plus,’is not inferior to lipid-based ready-to-use supplementary foods for the

treatment of moderate acute malnutrition in Malawian children. Am J Clin Nutr. 2012; 95(1):212–9.

https://doi.org/10.3945/ajcn.111.022525 PMID: 22170366

12. Lenters LM, Wazny K, Webb P, Ahmed T, Bhutta ZA. Treatment of severe and moderate acute malnu-

trition in low-and middle-income settings: a systematic review, meta-analysis and Delphi process. BMC

Public Health. 2013; 13(3):1–15. https://doi.org/10.1186/1471-2458-13-S3-S23 PMID: 24564235

13. Das JK, Salam RA, Saeed M, Kazmi FA, Bhutta ZA. Effectiveness of interventions for managing acute

malnutrition in children under five years of age in low-income and middle-income countries: a systematic

review and meta-analysis. Nutrients. 2020; 12(1):116. https://doi.org/10.3390/nu12010116 PMID:

31906272

14. Syed S, Yeruva S, Herrmann J, Sailer A, Sadiq K, Iqbal N, et al. Environmental enteropathy in under-

nourished Pakistani children: Clinical and histomorphometric analyses. Am J Trop Med Hyg. 2018; 98

(6):1577–84. https://doi.org/10.4269/ajtmh.17-0306 PMID: 29611507

15. Iqbal NT, Sadiq K, Syed S, Akhund T, Umrani F, Ahmed S, et al. Promising Biomarkers of Environmen-

tal Enteric Dysfunction: A Prospective Cohort study in Pakistani Children. Sci Rep [Internet]. 2018; 8

(1):2966. Available from: https://doi.org/10.1038/s41598-018-21319-8 PMID: 29445110

16. Sheikh S, Qureshi RN, Khowaja AR, Salam R, Vidler M, Sawchuck D, et al. Health care provider knowl-

edge and routine management of pre-eclampsia in Pakistan. Reprod Health. 2016; 13(2):107–13.

https://doi.org/10.1186/s12978-016-0215-z PMID: 27719673

17. Bhutta ZA, Soofi S, Cousens S, Mohammad S, Memon ZA, Ali I, et al. Improvement of perinatal and

newborn care in rural Pakistan through community-based strategies: a cluster-randomised effective-

ness trial. Lancet. 2011; 377(9763):403–12. https://doi.org/10.1016/S0140-6736(10)62274-X PMID:

21239052

18. Habib MA, Soofi S, Mach O, Samejo T, Alam D, Bhatti Z, et al. Effect of booster doses of poliovirus vac-

cine in previously vaccinated children, clinical trial results 2013. Vaccine. 2016; 34(33):3803–9. https://

doi.org/10.1016/j.vaccine.2016.05.065 PMID: 27269054

19. Soofi S, Cousens S, Iqbal SP, Akhund T, Khan J, Ahmed I, et al. Effect of provision of daily zinc and iron

with several micronutrients on growth and morbidity among young children in Pakistan: a cluster-rando-

mised trial. Lancet. 2013; 382(9886):29–40. https://doi.org/10.1016/S0140-6736(13)60437-7 PMID:

23602230

20. Habib MA, Soofi S, Sheraz A, Bhatti ZS, Okayasu H, Zaidi SZ, et al. Zinc supplementation fails to

increase the immunogenicity of oral poliovirus vaccine: a randomized controlled trial. Vaccine. 2015; 33

(6):819–25. https://doi.org/10.1016/j.vaccine.2014.12.001 PMID: 25500307

21. Syed S, Iqbal NT, Sadiq K, Ma JZ, Akhund T, Xin W, et al. Serum anti-flagellin and anti-lipopolysaccha-

ride immunoglobulins as predictors of linear growth faltering in Pakistani infants at risk for environmental

enteric dysfunction. PLoS One. 2018; 13(3):e0193768. https://doi.org/10.1371/journal.pone.0193768

PMID: 29509790

22. Organization WH. Application for inclusion of Ready-to-Use Therapeutic Food (RUTF) on the WHO

Model List of Essential Medicines (EML) and Model LIst of Essential Medicines for Children (EMLc)

[Internet]. 2016. Available from: https://www.who.int/selection_medicines/committees/expert/21/

applications/s26_therapeutic_food_add.pdf

23. Choudhury N, Ahmed T, Hossain MI, Mandal BN, Mothabbir G, Rahman M, et al. Community-based

management of acute malnutrition in Bangladesh: feasibility and constraints. Food Nutr Bull. 2014; 35

(2):277–85. https://doi.org/10.1177/156482651403500214 PMID: 25076775

24. Briend A, Alvarez J-L, Avril N, Bahwere P, Bailey J, Berkley JA, et al. Low mid-upper arm circumference

identifies children with a high risk of death who should be the priority target for treatment. BMC Nutr.

2016; 2(1):1–12.

25. Schwinger C, Golden MH, Grellety E, Roberfroid D, Guesdon B. Severe acute malnutrition and mortality

in children in the community: Comparison of indicators in a multi-country pooled analysis. PLoS One.

2019; 14(8):e0219745. https://doi.org/10.1371/journal.pone.0219745 PMID: 31386678

26. James P, Sadler K, Wondafrash M, Argaw A, Luo H, Geleta B, et al. Children with moderate acute mal-

nutrition with no access to supplementary feeding programmes experience high rates of deterioration

and no improvement: results from a prospective cohort study in rural Ethiopia. PLoS One. 2016; 11(4):

e0153530. https://doi.org/10.1371/journal.pone.0153530 PMID: 27100177

27. Uvere PO, Ene-Obong HN. Complementary local foods for infants in developing countries. In: Nutrition

in infancy. Springer; 2013. p. 75–93.

28. Scherbaum V, Srour ML. Milk products in the dietary management of childhood undernutrition–a histori-

cal review. Nutr Res Rev. 2018; 31(1):71–84. https://doi.org/10.1017/S0954422417000208 PMID:

29113618

PLOS ONE RUTF vs. RUSF for acutely malnourished children

PLOS ONE | https://doi.org/10.1371/journal.pone.0287962 July 12, 2023 13 / 13

https://doi.org/10.3945/ajcn.111.022525
http://www.ncbi.nlm.nih.gov/pubmed/22170366
https://doi.org/10.1186/1471-2458-13-S3-S23
http://www.ncbi.nlm.nih.gov/pubmed/24564235
https://doi.org/10.3390/nu12010116
http://www.ncbi.nlm.nih.gov/pubmed/31906272
https://doi.org/10.4269/ajtmh.17-0306
http://www.ncbi.nlm.nih.gov/pubmed/29611507
https://doi.org/10.1038/s41598-018-21319-8
http://www.ncbi.nlm.nih.gov/pubmed/29445110
https://doi.org/10.1186/s12978-016-0215-z
http://www.ncbi.nlm.nih.gov/pubmed/27719673
https://doi.org/10.1016/S0140-6736%2810%2962274-X
http://www.ncbi.nlm.nih.gov/pubmed/21239052
https://doi.org/10.1016/j.vaccine.2016.05.065
https://doi.org/10.1016/j.vaccine.2016.05.065
http://www.ncbi.nlm.nih.gov/pubmed/27269054
https://doi.org/10.1016/S0140-6736%2813%2960437-7
http://www.ncbi.nlm.nih.gov/pubmed/23602230
https://doi.org/10.1016/j.vaccine.2014.12.001
http://www.ncbi.nlm.nih.gov/pubmed/25500307
https://doi.org/10.1371/journal.pone.0193768
http://www.ncbi.nlm.nih.gov/pubmed/29509790
https://www.who.int/selection_medicines/committees/expert/21/applications/s26_therapeutic_food_add.pdf
https://www.who.int/selection_medicines/committees/expert/21/applications/s26_therapeutic_food_add.pdf
https://doi.org/10.1177/156482651403500214
http://www.ncbi.nlm.nih.gov/pubmed/25076775
https://doi.org/10.1371/journal.pone.0219745
http://www.ncbi.nlm.nih.gov/pubmed/31386678
https://doi.org/10.1371/journal.pone.0153530
http://www.ncbi.nlm.nih.gov/pubmed/27100177
https://doi.org/10.1017/S0954422417000208
http://www.ncbi.nlm.nih.gov/pubmed/29113618
https://doi.org/10.1371/journal.pone.0287962

