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Abstract 

Background: Bovine milk protein-based human milk fortifiers (HMFs) are routinely used in preterm 

infants in low- and middle-income countries (LMICs) but are associated with potential adverse 

effects. Plant-derived amino-acid based HMFs are a promising alternative, but comparative data 

from randomized controlled trials (RCTs) are lacking. This pilot RCT aimed to evaluate the feasibility, 

safety, and growth outcomes of a novel plant-derived amino-acid based HMF compared to a bovine-

derived whole protein based HMF in preterm infants <34 weeks’ gestation. Methods: In this open-

label, parallel pilot RCT, preterm infants <34 weeks’ gestation were randomized to a plant-derived 

amino-acid based HMF (n=66) or a bovine-derived whole protein based HMF (n=70). Primary 

outcomes were time to reach 180 mL/Kg/day enteral feeds and growth velocities to discharge and 40 

weeks’ postmenstrual age (PMA). Feasibility and safety were also assessed. Analysis followed 

intention-to-treat approach. The trial was registered (CTRI/2025/06/089133). Results: Baseline 

characteristics were comparable between groups. Time to reach enteral feeds of 180 mL/Kg/day did 

not differ (adjusted Hazard Ratio 0.93, 95% CI 0.65–1.33; p=0.70). In-hospital weight gain was 

significantly higher in the plant-derived HMF group (adjusted mean difference 3.20 g/Kg/day, 95% 

CI 0.46–5.95; p=0.02). This benefit was most evident in exploratory subgroup analyses of infants with 

birth weight ≥1500g. Length, head circumference growth, and all safety outcomes were similar 

between groups. Conclusions: The plant-derived amino-acid based HMF was well-tolerated, with a 

comparable safety profile. Its use was associated with better in-hospital weight gain, indicating it is 

a potential alternative to bovine-derived whole protein based HMF. These data support the feasibility 

of definitive trials powered for critical clinical outcomes. 

Keywords: preterm infant; enteral feed; human milk fortifier; amino acids; plant-based; bovine HMF; 

neonatal nutrition; randomized controlled trial 
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Introduction 

Optimal nutrition during the neonatal period is crucial for improving both short- and long-term 

outcomes in preterm infants, including survival, growth, and neurodevelopment [1–4]. Preterm 

neonates have markedly higher protein, energy and other micronutrient requirements when 

compared to term neonates [5,6]. Meeting these nutritional needs is limited by the immaturity of the 

gastrointestinal tract resulting in inadequate digestion, absorption, and assimilation. Deficiencies in 

protein and energy intake in the neonatal period in preterm infants are associated with poor 

outcomes such as extra-uterine growth restriction (EUGR), neurodevelopmental impairment, and 

metabolic syndrome in later life [3–7]. 

Mother’s own milk (MoM) is the most appropriate form of milk for very preterm (VPT) and very 

low birth weight (VLBW) infants due to its protective effects against mortality, necrotizing 

enterocolitis (NEC), late onset neonatal sepsis (LONS), and other morbidities [2,7]. When MoM is 

insufficient, pasteurized donor human milk (PDHM) is suggested as a reasonable alternative to 

preterm formula milk [8]. Since both MoM and PDHM do not meet the high protein, energy, and 

other nutritional requirements of preterm neonates, they are routinely supplemented with multi-

nutrient human milk fortifiers (HMFs) [9–11]. A Cochrane review indicated that HMF use is 

associated with short-term beneficial effects on anthropometric parameters of weight, length, and 

head-circumference, although evidence for reductions in major morbidities or improved long-term 

neurodevelopment is uncertain [1]. 

The protein constituent of routinely used HMFs in neonatal intensive care units (NICUs) is 

derived from bovine milk and is associated with several limitations [1,12]. Firstly, intact bovine 

proteins may be poorly digested by preterm neonates due to decreased intestinal proteolytic activity 

and has been shown to be associated with dysbiosis [13,14]. Secondly, exposure to bovine proteins in 

early neonatal life has been shown to be associated with intestinal inflammation and higher risk of 

cow milk protein allergy in childhood [15,16]. Finally, the addition of bovine-derived HMF may result 

in increased osmolar load on the immature gut perpetuating episodes of feed intolerance [17–19]. All 

of the abovementioned factors could increase the risk of adverse effects such as mortality and NEC 

with the use of bovine-derived HMF [20,21]. 

In lieu of the aforementioned limitations of bovine-derived HMF, alternative fortifiers have been 

evaluated [22]. While one study had evaluated two different types of extensively hydrolyzed bovine 

protein fortifiers [23], others had studied human milk-derived fortifiers [21,24]. Several recently 

published meta-analyses have concluded that human milk-based fortifiers may significantly reduce 

the risk of mortality and NEC when compared to bovine-derived HMFs [22,25–27]. However, the 

beneficial effects of human-milk based fortifiers over bovine-derived HMF on other adverse 

outcomes such as growth, bronchopulmonary dysplasia (BPD) and retinopathy of prematurity (ROP) 

are inconclusive [28]. Further, the use of human-milk based fortifiers is limited by higher costs in low- 

and middle-income countries (LMICs) [29]. Protein supplementation in the form of free amino acids 

might be a potentially safer and efficacious alternative to bovine-derived whole or hydrolysed protein 

HMFs [30]. Amino-acid based HMFs are devoid of any bovine proteins and are derived from plant 

sources through microbial fermentation [31]. Since amino acids do not require luminal proteolysis, 

their absorption may be more efficient in preterm neonates [14,32]. 

Recently, a plant-derived amino-acid based multi-nutrient HMF was made available for use in 

preterm neonates. Small single-centre observational studies have reported it to be efficacious and safe 

with respect to growth and feed tolerance in preterm neonates [33,34]. An in vitro study found it to 

be associated with a lower osmolality compared to several bovine-based HMFs [17]. Despite these 

data, the feasibility, safety and comparative effectiveness of plant-derived amino-acid HMF versus 

standard bovine-derived whole protein HMFs have not been rigorously evaluated in a randomized 

controlled trial (RCT). Therefore, we conducted this open label pilot RCT to compare a plant-derived 

amino-acid HMF with a bovine-derived whole protein HMF in preterm infants born at less than 34 

weeks’ gestation. The primary aim was to assess feasibility, safety and short-term growth outcomes 

to generate preliminary data for a future definitive RCT. 
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Materials and Methods 

This prospective open-label parallel pilot RCT was conducted in two tertiary care NICUs in India 

from 19th June 2025 to 1st February 2026. The trial was approved by the Institutional Ethics 

Committee and the protocol was registered in a trial registry (CTRI/2025/06/089133). Written 

informed consent was obtained from the parents or the caretakers of the neonates before enrolment. 

The reporting of this RCT adheres to the Consolidated Standards of Reporting Trials (CONSORT) 

statement for pilot RCTs [35]. 

Participants 

Inclusion criteria: Preterm neonates born at less than 34 weeks’ gestation who were started on 

MoM or PDHM within 48 hours of life. 

Exclusion criteria: Neonates with gross congenital malformations and whose caretakers refused 

consent. 

Intervention (Plant-Derived Amino-Acid Based HMF) 

The intervention group received plant-derived amino-acid based HMF (HMF-Advance, 

Analeptik Biologicals LLP, Bengaluru). Each 1 g sachet provides 4.5 kcal of energy, 0.35 g of protein, 

0.24 g of carbohydrates, 0.18 g of fats, essential fatty acids and long-chain polyunsaturated fatty acids 

namely, linolenic acid (2 mg), alpha-linolenic acid (100 mcg), docosahexaenoic acid (200 mcg), and 

arachidonic acid (200 mcg). The other relevant constituents (per g) include calcium (20 mg), 

phosphorus (10 mg), vitamin D (50 IU), Vitamin A (100 IU), Zinc (40 mcg) and other micronutrients. 

Comparator (Bovine-Derived Whey Protein Based HMF) 

The control group received a bovine-derived whey protein based HMF (Lactodex-HMF, 

Raptakos, Brett & Co. Ltd., Thane). Each 1 g sachet provides 3.4 kcal of energy, 0.27 g of protein, 0.49 

g of carbohydrates and 0.04 g of fats. The other relevant constituents include calcium (16 mg), 

phosphorus (8 mg), vitamin D (133 IU), Vitamin A (200 IU), Zinc (40 mcg), iron (0.30 mg) and other 

essential micronutrients. 

Enteral Feeding and Other Care Practices 

Neonates born at ≥ 30 weeks’ gestation were initiated on total enteral feeding at admission 

through an orogastric tube or cup depending upon their sickness profile. An enteral feed volume of 

60 mL/Kg/d in those with a birth weight of less than 1500 g and 80 mL/Kg/d in others was provided 

on the first day of life. Neonates of < 30 weeks’ gestation or those with antenatal doppler changes of 

absent or reversal of end-diastolic blood flow (A/REDF) in the umbilical artery were initiated on 

trophic feeds (12 mL/Kg/d in neonates of <28 weeks’ gestation and 24 ml/Kg/d in neonates born at 

280/7 – 296/7 weeks’ gestation) immediately after admission through an orogastric tube. The volume of 

the enteral feeds was increased daily by 24 mL/Kg/d in neonates of <28 weeks’ gestation and 36 

mL/Kg/d in others till a maximum of 200 mL/Kg/d. MoM was the preferred first choice of milk and 

if inadequate, PDHM was used to meet the target daily intake. HMF was introduced when an enteral 

feed volume of 100 mL/Kg/d was reached. Standardized fortification approach (1g of HMF in 25 mL 

of milk) was used from the day of initiation of HMF. We targeted maximal enteral nutrition doses as 

per the updated European Society of Pediatric Gastroenterology, Hepatology and Nutrition 

guidelines in both the groups [36]. Fortification was continued until 40 weeks’ postmenstrual age 

(PMA). Pre-feed gastric aspiration was done only if the treating clinician or nurse had concerns on 

clinical examination. Single-strain probiotic supplementation (ProGG, Lactobacillus rhamnosus GG, 5 

× 10⁹ CFU, Aristo Pharmaceuticals Pvt. Ltd., Mumbai) was provided from the time of initiation of 

enteral feeding at a dose of 2.5 × 10⁹ CFU/d till the neonate reached 60 ml/kg/d of enteral feeding and 

increased to 5 × 10⁹ CFU/d then on. Probiotics were continued until the neonate reached 34 weeks’ 

PMA. All other care practices were comparable between the two groups. 
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Those neonates who were born at less than 30 weeks’ gestation or those with antenatal doppler 

changes of A/REDF in the umbilical artery were initiated on TPN within 6 hours of birth either 

through an umbilical venous catheter or a peripherally inserted central catheter line based on The 

American Society for Parenteral and Enteral Nutrition guidelines [37]. 

Outcomes 

Primary outcomes 

• Time to reach enteral feed volume of 180 mL/Kg/d. 

• Weight gain (g/kg/d), head circumference increment (cm/week) and length increment (cm/week) 

from enrolment until discharge from the hospital, and at 40 weeks’ PMA. 

Secondary outcomes 

• Weight gain (g/Kg/d) for different time intervals; birth until discharge, birth until 40 weeks’ 

PMA, from the day of regaining birth weight until 40 weeks’ PMA and from the day of discharge 

until 40 weeks PMA (post hoc) 

• Days to regain birth weight (post hoc) 

• Incidence of feed intolerance (defined as necessity to keep the neonate nil by feeds for at least 

one day) 

• NEC stage ≥ 2 (modified Bells’ staging) [38] 

• All-cause mortality 

• Late Onset Neonatal Sepsis (LONS) (Blood culture proven sepsis or probable sepsis (clinical 

signs or symptoms indicative of sepsis with ≥ 2 altered biochemical sepsis parameters with the 

blood culture being negative)) 

• Requirement of red blood transfusion (post hoc) 

• BPD (defined as oxygen requirement or any other form of respiratory support at 36 weeks’ PMA) 

• ROP requiring intervention 

• Metabolic bone disease 

• Extra uterine growth restriction (EUGR) defined as weight for age of less than 10th centile at 40 

weeks’ PMA 

• Duration of hospital stay 

Randomization Process, Allocation Concealment and Blinding 

Neonates were randomized to the two groups in a 1:1 allocation ratio using stratified block 

randomisation. Randomisation sequence was generated using an online platform by an independent 

statistician not involved in the trial. Stratification was based on gestational age strata (<28 weeks, 

280/7- 31 6/7 weeks and 320/7- 336/7 weeks). A block size of 4 was used within each gestational age 

category. Blinding of personnel or caretakers was not feasible. Allocation concealment was ensured 

by using sequentially labelled opaque sealed envelopes. The treating clinician opened the envelope 

only if the neonate satisfied the inclusion criteria and informed consent was obtained. 

Sample Size 

As this was a pilot RCT, a convenient sample size of 100 (50 in each group) was considered to be 

appropriate for evaluating the feasibility (recruitment rate and protocol adherence) and safety of the 

plant-derived amino-acid based HMF, and estimate the preliminary effect sizes with 95% confidence 

intervals (CIs) for growth outcomes [39]. To account for a higher than expected lost to follow-up rate 

after discharge, we enrolled a total of 136 neonates (66 in the intervention group and 70 in the 

comparator group). 
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Data Collection and Analysis 

Data were entered into pre-specified spreadsheets. Statistical analyses were performed using the 

R Software Version 4.3.2 (R Foundation for Statistical Computing, Vienna, Austria). Statistical 

significance was defined as a two-sided p-value < 0.05. Baseline characteristics of the enrolled 

neonates were compared between the two groups using appropriate statistical tests. While 

continuous variables are presented as medians with interquartile ranges (IQR) compared using the 

Mann-Whitney U test, categorical variables were analyzed using the Chi-square test or Fisher’s Exact 

test. To minimize bias associated with missing data and to adhere to the Intention-to-treat (ITT) 

approach, missing values for primary and secondary outcomes were handled using Multiple 

Imputation by Chained Equations (MICE). Predictive Mean Matching (PMM) was used for 

continuous variables to ensure the imputed values remained within biologically plausible ranges. 

Fifty imputed datasets were generated. We used Rubin’s Rules to generate valid standard errors and 

confidence intervals. Growth velocities were analyzed using linear regression and are reported as 

mean differences (MD) with 95% CI. The primary outcome of time to reach an enteral feed volume 

of at least 180 mL/kg/day was compared using time-to-event analysis. Kaplan-Meier curves were 

generated to visualise the probability of reaching the target feed volume over time, and between-

group differences were analyzed using the log-rank test. The Cox Proportional Hazards regression 

model was used to estimate the Hazard Ratio (HR) and 95% CI. To account for potential between-

twins clustering, the Cox model utilized a cluster-robust variance estimator, with mother ID as the 

cluster variable. Multivariate adjusted analyses were performed for all the outcomes to account for 

the potential confounding factors of gestational age, birth weight, antenatal doppler abnormalities 

(AEDF or REDF in the umbilical artery) and receipt of antenatal corticosteroids. Exploratory 

subgroup analyses were performed to evaluate treatment effects in different gestational age and birth 

weight strata (gestational age, <32 weeks vs. ≥32 weeks and birth weight, <1500 g vs. ≥1500 g) using 

multivariable linear regression models. Amongst the subgroups in which model convergence was 

not achieved due to less number of neonates or data sparsity, adjustment was restricted to birth 

weight and gestational age alone. Per-protocol (PP) analyses for all the primary and secondary 

growth outcomes were performed to evaluate the robustness of the primary ITT analyses. 

Results 

A total of 199 preterm neonates were assessed for eligibility from 19th June 2025 to 1st January 

2026. Among them, 136 neonates met the inclusion criteria and were randomized; 66 neonates to 

plant-derived amino-acid HMF group and 70 neonates to bovine-derived protein HMF group. Of the 

136 neonates enrolled in the trial, all reached the primary outcome of time to reach enteral feed 

volume of 180 mL/Kg/d. Eleven neonates in the plant-derived HMF group and 12 neonates in the 

bovine-derived HMF group either discontinued the intervention, were lost to follow-up or died. 

While outcomes of all the neonates randomized to the two groups were analyzed in the primary ITT 

analyses, PP sensitivity analyses for the primary and secondary growth outcomes included 113 

neonates (plant-derived HMF, n=55; bovine-derived HMF group, n=58) who fully adhered to the 

study protocol and completed the study follow-up until 40 weeks’ PMA. Figure 1 illustrates the 

participant flow of the trial. The baseline demographic and clinical variables were similar between 

the two groups, provided in Table 1. 
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Figure 1. CONSORT Flow Diagram. 

Table 1. Baseline Demographic and Clinical Variables Between Bovine-Derived Protein Based HMF and Plant-

Derived Amino-Acid Based HMF Groups. 

Variable Bovine HMF (n=70)  Plant HMF (n=66)  

Gestational age (w) 31.0 [29.0, 32.0] 31.0 [30.0, 33.0] 

Birth weight (g) 1505 [1192, 1769] 1565 [1200, 1751] 

Admission temperature (°C) 36.5 [36.2, 36.6] 36.5 [36.4, 36.7] 

Age at enrolment (h) 48 [48, 96] 48 [48, 96] 

Weight at enrolment (g) 1472 [1142, 1745] 1515 [1170, 1720] 

Length at enrolment (cm) 40.0 [38.0, 42.0] 41.0 [38.1, 43.0] 
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Head circumference at enrolment 

(cm) 
29.0 [27.5, 30.0] 29.0 [28.0, 30.0] 

                                      Gestational age category 

<28 w 7 (10.0%) 3 (4.5%) 

28-<32 w 32 (45.7%) 35 (53.0%) 

≥32 w 31 (44.3%) 28 (42.4%) 

                                          Birth weight category 

<1000 g 10 (14.3%) 5 (7.6%) 

1000-1499 g 23 (32.9%) 24 (36.4%) 

≥1500 g 37 (52.9%) 37 (56.1%) 

                                                Weight for age 

AGA or LGA 65 (92.9%) 58 (87.9%) 

SGA 5 (7.1%) 8 (12.1%) 

Multiple gestation 29 (41.4%) 22 (33.3%) 

                                                      Gender 

Male 43 (61.4%) 40 (60.6%) 

Female 27 (38.6%) 26 (39.4%) 

Maternal hypertension 14 (20.0%) 17 (25.8%) 

Maternal diabetes 8 (11.4%) 7 (10.6%) 

Maternal fever 8 (11.4%) 7 (10.6%) 

Umbilical artery doppler 

changes (A/REDF) 
3 (4.3%) 9 (13.6%) 

                                            Antenatal steroids 

Complete 33 (47.1%) 34 (51.5%) 

Incomplete 22 (31.4%) 23 (34.8%) 

Not Received 15 (21.4%) 9 (13.6%) 

Deferred cord clamping ≥60 sec 33 (47.1%) 32 (48.5%) 

                                              Mode of delivery 

LSCS 58 (82.9%) 60 (90.9%) 

VD 12 (17.1%) 6 (9.1%) 

Any resuscitation required 9 (12.9%) 8 (12.1%) 

Total parenteral nutrition 

requirement on day 1 
16 (22.9%) 14 (21.2%) 

Time of Initiation of Enteral 

Nutrition (h) 
2.0 [2.0, 2.0] 2.0 [1.0, 2.0] 

 MoM on Day 7 (%) 100 [65, 100] 100 [80, 100] 

Abbreviations: AGA, appropriate for gestational age; A/REDF, absent or reversal of flow in 

the umbilical artery; C, Celsius; cm, centimetres; g, grams; h, hours; LGA, large for gestational 
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age; LSCS, lower segment caesarean section; MoM, mother’s own milk; sec, seconds; SGA, 

small for gestational age; VD, vaginal delivery; w, weeks 

Primary Outcomes 

Time to Reach Enteral Feed Volume of 180 mL/Kg/d 

Neonates in both the groups had a similar rate of progression of enteral feeding with no 

significant difference in the time to reach an enteral feed volume of 180 mL/Kg/d (log-rank test, 

p=0.70; HR (95% CI), 0.95 (0.69,1.33), p=0.78)). The Kaplan-Meier survival curves are provided in 

Figure 2. After accounting for the potential confounding factors of receipt of antenatal corticosteroids, 

umbilical artery doppler abnormalities, gestational age and birth weight, the adjusted multivariate 

Cox proportional hazards regression analysis also indicated no significant differences between the 

two groups (aHR (95% CI), 0.93 (0.65,1.33); p=0.70)). 

 

Figure 2. Intention-to-Treat Analysis for Time to Reach enteral feed volume of 180 mL/Kg/d (Kaplan-Meier 

Survival Estimates) Between Plant-Derived Amino-Acid Based HMF and Bovine-Derived Protein Based HMF 

Groups. 

Anthropometric Parameters from Enrolment Until Discharge and 40 Weeks’ PMA 
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The weight gain velocity, increments in length and head circumference from enrolment until 

discharge and 40 weeks’ PMA were similar between the two groups. (Table 2 and Figure 3). 

Multivariable linear regression adjusting for the aforementioned effect modifiers indicated that the 

weight gain velocitiy from enrolment until discharge was significantly higher in plant-derived 

amino-acid HMF group when compared to the bovine-derived HMF group (aMD (95% CI), 3.20 

g/Kg/d (0.46, 5.95); p=0.02)). All other growth variables were similar between the two groups. (Table 

2 and Figure 3). 

Table 2. Unadjusted and Adjusted Intention-to-Treat Analyses of Growth Velocities (Weight, Length, and Head 

Circumference) Between Plant-Derived Amino-Acid Based HMF and Bovine-Derived Protein Based HMF 

Groups. 

Anthropometric parameter* 
MD (95% CI) (Plant HMF (n=66) vs. Bovine 

HMF (n=70)) 
p-value 

                                 Rate of weight gain (g/Kg/d) 

Enrolment until discharge 3.20 (-0.33, 6.73) 0.08 

Enrolment until 40 w PMA 0.13 (-0.84, 1.09) 0.80 

                                 Length increment (cm/w) 

Enrolment until discharge 0.11 (-0.24, 0.46) 0.53 

Enrolment until 40w PMA -0.02 (-0.13, 0.08) 0.65 

                                 HC increment (cm/w) 

Enrolment until discharge -0.03 (-0.15, 0.09) 0.63 

Enrolment until 40w PMA -0.02 (-0.20, 0.16) 0.83 

Anthropometric parameter*+ aMD (95% CI) p-value 

                                Rate of weight gain (g/Kg/d) 

Enrolment until discharge 3.20 (0.46, 5.95) 0.02 

Enrolment until 40w PMA 0.03 (-0.85, 0.92) 0.95 

                                Length increment (cm/w) 

Enrolment until discharge 0.11 (-0.24, 0.46) 0.54 

Enrolment until 40w PMA -0.02 (-0.15, 0.10) 0.75 

                                HC increment (cm/w) 

Enrolment until discharge -0.02 (-0.13, 0.09) 0.72 

Enrolment until 40w PMA -0.02 (-0.12, 0.09) 0.71 

Abbreviations: aMD, adjusted mean difference; CI, confidence interval; cm, centimetres; d, day; g, 

grams; HC, head circumference; HMF, human milk fortifier; Kg, kilograms; MD, mean difference; 

w, week 
*Intention-To-Treat analyses 

+Multivariable linear regression analyses, adjusted for gestational age, birth weight, receipt of 

antenatal corticosteroids, antenatal doppler abnormalities 
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Figure 3. Unadjusted and Adjusted Intention-to-Treat Analyses of Growth Velocities. (Weight, Length, and 

Head Circumference) Between Plant-Derived Amino-Acid Based HMF and Bovine-Derived Protein Based HMF 

Groups. 

Secondary Outcomes 

Weight gain velocity was assessed across different epochs namely, birth until discharge and 40 

weeks’ PMA, from the day of regaining birth weight until 40 weeks’ PMA and from hospital 

discharge until 40 weeks’ PMA. Since some neonates were discharged before regaining birth weight, 

we could not analyse the weight velocity from the day of regaining birth weight until hospital 

discharge. The aMD in the rate of weight gain for all the different epochs were similar between the 

two groups (Table 3 and Supplement Figure 1). The other secondary outcomes of days to regain 

birth weight, number of feed intolerance days, duration of hospital stay, and safety outcomes of 

mortality and other morbidities were also comparable between the two groups (Table 3 and 

Supplement Figure 2). The Kaplan-Meier survival curves for days to regain birth weight is provided 

in Supplement Figure 3. 
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Table 3. Adjusted Intention-to-Treat Analyses of Secondary and Safety Outcomes Between Plant-Derived 

Amino-Acid Based HMF and Bovine-Derived Protein Based HMF Groups. 

Outcome 

variables 

Bovine HMF  

(n=70) 

Plant HMF   

(n=66) 

aMD/aRR*+ 

(95% CI)     

(Plant HMF vs. 

Bovine HMF) 

aRD (95% CI)*+                    

(Plant HMF vs. 

Bovine HMF) 

p-value 

 Rate of weight gain (g/Kg/d) 

Birth until 

discharge 
1.59 [-7.10, 8.29] 

2.49 [-1.00, 

8.17] 
3.15 (-0.17, 6.48) NA 0.06 

Birth until 40w 

PMA 

10.49 [8.91, 

12.09] 

10.32 [8.88, 

11.74] 
0.05 (-0.80, 0.90) NA 0.91 

Day of regaining 

BW until 40w 

PMA 

13.12 [11.39, 

14.58] 

12.70 [11.21, 

14.97] 

-0.24 (-1.58, 

1.09) 
NA 0.72 

Discharge until 

40w PMA 

12.58 [11.04, 

15.04] 

12.25 [10.78, 

14.71] 

-0.08 (-1.18, 

1.02) 
NA 0.89 

Days to regain 

BW 

12.00 [10.00, 

14.00] 

13.08 [9.00, 

15.98] 
1.40 (-1.30, 4.09) NA 0.31 

No. of feed 

intolerance days 
0.00 [0.00, 0.01] 0.00 [0.00, 0.01] 0.22 (-0.31, 0.75) NA 0.41 

Duration of 

hospital stay (d) 

14.00 [7.00, 

28.00] 

14.00 [9.00, 

24.00] 

-2.61 (-9.11, 

3.89) 
NA 0.43 

Receipt of RBC 

transfusion 
11.4 (16.2%) 10.8 (16.4%) 1.01 (0.43, 2.36) 

0.17 (-12.61, 

12.94) 
0.98 

NEC (≥Stage 2) 2.1 (3.0%) 3.0 (4.6%) 1.56 (0.26, 9.56) 1.63 (-4.97, 8.24) 0.63 

LONS 22.1 (31.6%) 20.0 (30.3%) 0.96 (0.52, 1.78) 
-1.33 (-17.41, 

14.76) 
0.89 

BPD 5.1 (7.3%) 7.1 (10.8%) 1.48 (0.47, 4.71) 3.50 (-6.34, 13.34) 0.50 

ROP requiring 

intervention 
13.4 (19.2%) 8.8 (13.3%) 0.69 (0.29, 1.66) 

-5.87 (-18.64, 

6.90) 
0.41 

MBD 12.3 (17.6%) 14.7 (22.2%) 1.26 (0.58, 2.74) 4.64 (-9.12, 18.40) 0.55 

EUGR at 40w 

PMA 
9.7 (13.9%) 11.3 (17.2%) 1.24 (0.52, 3.00) 3.32 (-9.23, 15.88) 0.63 

Mortality 2/70 (2.9%) 3/66 (4.5%) 1.59 (0.27, 9.22) 1.69 (-4.67, 8.05) 0.67 

Mortality or 

LTFU 
12/70 (17.1%) 11/66 (16.7%) 0.97 (0.46, 2.05) 

-0.48 (-13.08, 

12.13) 
1.00 

Abbreviations: BPD, bronchopulmonary dysplasia; CI, confidence interval; EUGR: extra uterine 

growth restriction; HMF, human milk fortifier; IQR, interquartile range;  LONS, late onset 

neonatal sepsis; LTFU, lost to follow-up; MBD, metabolic bone disease; aMD, adjusted mean 

difference;  NA, not applicable; NEC, necrotizing enterocolitis; PMA: post-menstrual age; RBC, 

red blood cell; aRD, adjusted risk difference; aRR, adjusted risk ratio; ROP, retinopathy of 

prematurity; SD, standard deviation. 
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*Intention-To-Treat analyses 

+Multivariable linear regression (continuous variables) and modified poisson regression with 

robust error variance (categorical variables) analyses, adjusted for gestational age, birth weight, 

receipt of antenatal corticosteroids, antenatal doppler abnormalities 

Sub-Group Analyses (Post Hoc) 

Sub-group analyses were performed based on gestational age (<32 weeks vs. ≥32 weeks) and 

birth weight (<1500 g vs. ≥ 1500 g) for the primary growth outcomes after adjusting for the 

confounding variables. For the outcome of rate of weight gain from enrolment until discharge, the 

primary ITT analysis had indicated beneficial effect of plant-derived amino-acid based HMF amongst 

all the enrolled neonates (aMD (95%CI), 3.20 g/Kg/d (0.48 to 5.92); p=0.02)). Subgroup analyses 

revealed that this effect was more pronounced in larger infants with birth weight ≥1500 g (aMD 

(95%CI), 4.47 g/Kg/d (0.09 to 8.84); p=0.04)). No significant subgroup differences were observed 

between the two groups for the outcomes length or head circumference increments. (Supplement 

Table 1 and Supplement Figure 4). 

Sensitivity Analyses 

PP analyses were performed for the primary outcome of weight gain, length increment and head 

circumference increment from enrolment until discharge. The unadjusted PP analyses showed 

similar results with no statistically significant differences between the two groups. Similar to the 

adjusted ITT analysis, the adjusted PP analysis also showed a statistically significant difference in the 

weight velocity from enrolment until discharge favouring the plant-derived amino-acid HMF group 

(aMD (95%CI), 3.96 g/Kg/d (1.44 to 6.47); p=0.002)). The robustness of the primary analyses was 

further established with similar results observed for the outcomes of length and head circumference 

increments from enrolment until discharge and at 40 weeks’ PMA, and secondary weight outcomes 

across different time periods (Supplement Table 2 and Supplement Figure 5). PP subgroup analyses 

showed favourable effects of plant-derived amino-acid HMF for the outcome of rate of weight gain 

from enrolment until discharge in neonates with birth weight ≥ 1500 g (aMD (95%CI), 5.40 g/Kg/d 

(1.54 to 9.26); p=0.006)) as seen in the ITT analyses. Additionally, a similar effect favouring plant-

derived amino-acid HMF was also seen in neonates born at ≥ 32 weeks’ gestation (aMD (95%CI), 7.47 

g/Kg/d (1.63 to 13.31); p=0.01)) (Supplement Table 3 and Supplement Figure 6). 

The absolute weight, length, and head circumference from birth through 40 weeks PMA were 

similar between the two groups for ITT and PP analyses (Supplement Figure 7). 

Discussion 

In this pilot RCT, we evaluated safety and efficacy of a novel plant-derived amino-acid based 

HMF compared to the standardly used bovine-derived whole protein HMF in preterm neonates born 

at less than 34 weeks’ gestation. The results of this trial indicate that plant-derived amino-acid based 

HMF is well tolerated with similar safety profile when compared to bovine-derived HMF with a 

possible beneficial effect on in-hospital weight gain. 

The efficacy of the plant-derived amino-acid HMF seen in our exploratory trial could be 

attributed to a multitude of biologically plausible reasons. The primary mechanism likely involves 

the digestive physiology of the preterm gut. Demers-Mathieu et al. reported that preterm neonates 

have significantly lower intestinal proteolytic activity compared to term infants [14]. By providing 

nitrogen in its elemental amino acid form, our intervention likely bypassed the rate-limiting 

hydrolysis required for bovine protein, thereby enhancing nitrogen retention more effectively. Also, 

avoidance of exposure to bovine antigens in the plant-derived HMF group might have maintained a 

balanced oxidant vs. anti-oxidant profile, and promoted a favourable microbiome milieu in the 

intestinal tract [40,41]. 
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As shown in previous studies, the amino-acid based HMF’s nutritional profile which is higher 

in protein and essential fatty acids but lower in carbohydrates may also have contributed to better in-

hospital weight gain [42,43]. Furthermore, an in vitro study evaluating various HMFs, including 

those used in our trial, revealed through direct comparison that the amino-acid based fortifier yields 

a lower reconstituted osmolality compared to the bovine-based protein HMF [17]. This is probably 

significant as a higher osmolar load has been shown to be associated with altered intestinal mucosal 

integrity in pre-clinical studies which could adversely affect the nutrient absorption [19,44,45]. We 

acknowledge that the higher protein content in the plant-derived amino-acid based HMF in 

conjunction with the use of standardized fortification approach would have possibly contributed to 

the observed better in-hospital weight gain. 

The observed in-hospital weight gain benefit with plant-derived amino-acid based HMF was 

primarily evident in more mature preterm infants, possibly due to their enhanced metabolic capacity 

to utilize higher protein intake [46]. These findings should be interpreted as hypothesis-generating 

as this was a post hoc exploratory sub-group analysis. This subgroup is critically relevant in the 

context of neonatal care in LMICs, as it represents a large proportion of preterm admissions in LMICs 

who are often excluded in HMF trials [47]. However, this growth advantage did not extend until 40 

weeks’ PMA. While the period from discharge until 40 weeks PMA was uncontrolled, this transient 

effect is consistent with that reported in literature, where post-discharge cessation of fortification due 

to non-compliance or other reasons such as transitioning to exclusive breast feeding typically leads 

to convergence in growth trajectories [11,48]. 

While an exclusive human milk diet fortified with a human milk-derived fortifier is another 

promising alternative to bovine-derived HMF, its feasibility, cost, and ethical implications in LMICs 

remain topics of debate [49]. Moreover, a recent Bayesian meta-analysis has contested the superiority 

of human milk-derived fortifier over bovine-derived HMF [28]. In this context, the plant-derived 

amino-acid HMF may be seen as a more scalable and practical alternative to human milk-derived 

fortifiers in LMICs. 

This RCT has several limitations. This was a pilot RCT involving two centres, and hence is 

underpowered for critical outcomes. Though the trial met the required sample size, high lost to 

follow-up rate after discharge might have resulted in bias due to missing data. We could not blind 

the interventions as our follow-up period extended beyond discharge from the hospital, which could 

have implications related to performance bias. Our results are not generalizable to extremely low 

gestational age neonates as they constituted only a minor proportion of those enrolled in our trial. 

Finally, we could not compare the nutrient intake accurately in some neonates after discharge from 

the hospital as these neonates were transitioned to direct breast feeding with or without variable 

amounts of formula feeds. There were several strengths as well. To the best of our knowledge, this is 

the only RCT that had evaluated a plant-derived amino-acid based HMF vs. bovine-derived protein 

based HMF. Further, the statistical analyses was comprehensive and robust, accounting for lost to 

follow-up using recommended approaches with adherence to the CONSORT for pilot RCTs 

guidance. Finally, this trial addressed a critical knowledge gap of use of HMF in relatively mature 

preterm neonates ≥32 weeks’ gestation from LMICs who were followed up beyond hospital 

discharge. 

Conclusion 

In conclusion, this pilot RCT demonstrates the safety, feasibility and efficacy of a novel plant-

derived amino-acid based HMF when compared to bovine-derived protein based HMF. The 

beneficial effects of weight gain until discharge was predominantly seen in the sub-group of neonates 

born at ≥1500 grams and ≥32 weeks’ gestation. These results provide preliminary data for future 

multi-centre RCTs that are adequately powered for critical outcomes such as mortality and NEC. 
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