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Abstract

BACKGROUND—A common osmolality threshold for feedings are to stay below 450 mOsm/kg 

for normal infants. Preterm formulas are frequently modified to improve growth, modify nutrition, 

and to manage gastroesophageal reflux (GER) or dysphagia. Relationships between osmolality and 

additives to ready-to-feed preterm formulas are unclear. Our aims were to evaluate and compare 

the effects of caloric density, thickening agent recipes, and supplements to ready-to-feed preterm 

formula on osmolality.

METHODS—A freezing point osmometer was used to measure the osmolality of 47 preterm 

infant formula combinations with varying caloric densities (ready-to-feed 22 cal/oz and 30 cal/oz), 

thickening agents (rice vs oatmeal cereal), thickener amounts (0.0, 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 

tsp/oz), and combinations of supplements (saline, iron, vitamin D, or multivitamin). Ten samples 

per combination were tested using a 10 μl pipette. Comparisons were made using ANOVA and t-

tests for group and pair-wise comparisons respectively.

RESULTS—A total of 470 osmolality samples were analyzed. 1) Raters had high agreement 

(r=0.98, p<0.001). 2) For every 0.5 tsp/oz of thickener, the osmolality increases by 30 mOsm/kg 

(p<0.001). 3) Osmolality was higher with the oatmeal (vs rice) thickening agent (p<0.001). 4) 

Vitamin and electrolyte supplement combinations increase osmolality.

CONCLUSIONS—Alteration of ready-to-feed preterm formulas may significantly increase 

osmolality and have unintended consequences. Caution and monitoring should be exercised with 

modifying ready-to-feed preterm formulas for regurgitation, rumination, GER, dysphagia, feeding 
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intolerance, or emesis. This study supports the concept of achieving volume tolerance prior to 

further manipulation of additives.
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INTRODUCTION

Osmolality is the ratio of solutes in a given concentration of the solvent (particles dissolved 

in a fluid, measured in milliosmoles/kg, mOsm/kg)1. In utero, the fetal gastrointestinal 

mucosa is exposed to lower osmolality values2. Upon birth, infants are frequently exposed to 

human milk, the gold standard for infant feeding due to its benefits on immunological, 

gastrointestinal, and neurodevelopmental functions. Human milk is approximately 300 

mOsm/kg and increases upon fortification1,3. When human milk is not available due to 

limited supply or parental preference, powdered or liquid formulas are substituted. In the 

acute neonatal setting, liquid or ready-to-feed formulas are standard practice to minimize 

infection in this high risk population due to the risk of bacterial contamination in powdered 

infant formulas4. Numerous ready-to-feed formulas are available albeit with wide variation 

in osmolality. As a reference, Table 1 describes the osmolality values of commonly used 

formulas in the neonatal setting.

Based on human milk norms and historical consensus in 1976, the American Academy of 

Pediatrics (AAP) Committee on Nutrition cautioned against infant feeds over 400 mOsm/L 

[450 mOsm/kg] without a warning statement on the label until more evidence was obtained, 

due to hyperosmolality and safety reasons1,5,6 Currently, although there are no osmolality 

limits for preterm infants, care should be taken to not exceed the AAP threshold. Additives, 

such as thickeners or supplements, to small volumes of milk may significantly increase 

osmolality and should be avoided if possible1,5,6.

In the convalescing preterm infant population, providers frequently supplement and modify 

the nutrient composition of feedings with additives to enhance caloric density and ensure 

proper growth and nutrition7–11. Additionally, modifications to the feeding thickness are 

frequently used to treat premature infants presenting with gastroesophageal reflux disease 

(GERD) or dysphagia (immature sucking ability, sucking-swallowing-breathing 

incoordination, aspiration, feeding intolerance)12–23. However, thickening feeds also comes 

with risks such as necrotizing enterocolitis (NEC) or infection 22–31. Common thickening 

agents are rice cereal or oatmeal cereal, with the oatmeal becoming more common due to 

concerns of arsenic levels in rice32,33. However, the effect of oatmeal on osmolality in ready-

to-feed preterm formula is not known.

Our aims were to examine the relationships between osmolality and common additives to 

ready-to-feed liquid preterm formulas. Specifically, we characterized and compared the 

osmolality of 1) thickener (rice vs oatmeal from 0-3 tsp/oz) or 2) liquid supplements (saline, 

iron, vitamin D, or multivitamins) added to ready-to-feed liquid preterm formulas (with 

caloric density of 22 cal/oz and 30 cal/oz). We hypothesized the osmolality of ready-to-feed 
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preterm formula is significantly altered with thickening agents and amounts, and 

supplements.

MATERIALS/METHODS

Experiments were performed at The Research Institute at Nationwide Children’s Hospital in 

Columbus, Ohio, USA by two separate testers (WH, KAH). The following materials were 

used based on our current NICU feeding practices: 1) ready-to-feed preterm formulas with 

caloric densities of 22 cal/oz (Similac® Neosure®, Abbott Laboratories, Chicago, IL) and 30 

cal/oz (Similac® Special Care®, Abbott Laboratories, Chicago, IL), 2) thickening agents: 

rice cereal (Gerber® Single-Grain Rice Cereal, Nestle Infant Nutrition, Florham Park, NJ) or 

oatmeal cereal (Gerber® Single-Grain Oatmeal Cereal, Nestle Infant Nutrition, Florham 

Park, NJ), 3) supplements: saline (sodium chloride compounded by Nationwide Children’s 

Hospital pharmacy at a concentration of 2.5 mEq/mL, Columbus, OH, USA), liquid ferrous 

sulfate (15 mg/1 mL, Rx Choice, Hi-Tech Pharmacal Co., Inc, Amityville, NY, USA), liquid 

vitamin D (400 IU/mL, Aqueous Vitamin D Oral Drops, Silarx Pharmaceuticals, Inc, 

Carmel, NY, USA) and liquid multivitamin (Enfamil Poly-Vi-Sol® with iron, Mead Johnson 

& Company, LLC, Evansville, IN, USA), and 4) a freezing point depression osmometer 

(Osmette III, Model 5010, Precision Systems Inc., Natick, MA, USA) with a measurement 

range of 0-2000 mOsm/kg. Samples were extracted using a 10μl pipette (Precision Systems 

Inc., Natick, MA, USA) with disposable tips. Prior to testing, the osmometer was calibrated 

using standard testing solutions of 100, 500 and 1500 mOsm/kg (Precision Systems Inc., 

Natick, MA, USA), and calibration retested periodically.

Sample Preparation and Osmolality Testing

Thickener recipes were formulated by adding the specified amount (0, 0.5, 1.0, 1.5, 2.0, 2.5, 

or 3.0 tsp/oz) of agent (rice or oatmeal) to the ready-to-feed preterm formula (22 cal/oz or 30 

cal/oz) container (Figure 1). The tester used a standard measuring spoon with thickening 

agent leveled off, and shaking with the dominant hand for 30 seconds to mix. Measurements 

were taken immediately after the batch was created.

Supplements were chosen based on and AAP recommendations and current trends with 

preterm infants7–11. Supplements were tested in their pure form (no alterations) and in 

combination with the ready-to-feed preterm formulas. Doses were: 0.4 mL/1 fl oz formula 

for saline, 0.3 mL/1 fl oz formula for ferrous sulfate, 0.5 mL/1 fl oz formula for vitamin D, 

and 0.5 mL/1 fl oz formula for multivitamin. Combinations tested were ready-to-feed 

preterm formula (22 cal/oz or 30 cal/oz) plus 1) saline, 2) ferrous sulfate, 3) vitamin D, 4) 

multivitamin, 5) vitamin D + ferrous sulfate, 6) vitamin D + ferrous sulfate + saline, and 7) 

multivitamin + saline. The tester used a 1 mL syringe for doses added to the formula in a 

disposable nurser bottle with a lid (Similac VoluFeed, Abbott Nutrition, Columbus, Ohio) 

and mixed the specific combination by shaking with the dominant hand for 30 seconds to 

mix. Measurements were taken immediately after the batch was created. Doses were mixed 

in 1 fl oz (30mL) of formula which would be the equivalent of 150 mL/kg/day for a 

hypothetical 1.6 kg infant if they were fed every 3 hours. The NaCl dose used was 1 mEq 

which would be about 0.6 mEq/kg for that same sized infant.
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Raters measured the osmolality of 5 individual samples from each batch created. Samples 

were extracted by the tester’s dominant hand using the 10 μl pipette and inserted into the 

osmometer for a reading.

Statistical Analysis

Statistical analysis was performed using SAS v 9.3 (SAS Institute, Cary, NC). ANOVA and 

T-tests were used to compare between the combinations of thickener agent and formula type. 

T-tests were used to compare the 22 cal/oz and 30 cal/oz supplement combinations. Linear 

regression models were used to measure increase in osmolality per unit increase in formula. 

Rater agreement was tested using Pearson correlation. P-values <0.05 were considered 

significant.

RESULTS

Overall, there were 470 total osmolality measurements. Raters had high agreement (r=0.98, 

p<0.001). The osmolality values (median, range) of the ready-to-feed formula without any 

additives were 268 (257-276) mOsm/kg for the 22 cal/oz, and 407 (389-429) mOsm/kg for 

the 30 cal/oz formulas.

Effects of Cereal Thickener in Ready-to-feed Preterm Formula with Differing Caloric 
Densities

Each rater-1 (KAH) and rater-2 (WH) created 28 formula recipe combinations or batches 

with varying caloric density, thickener agents, and thickener amounts for a total of 280 

osmolality measurements. Rater agreement was high (r=0.99, p<0.001). The effects of 

thickening agents can be observed (Table 2). Per each 0.5 tsp/oz increase in the thickening 

recipe, the osmolality increased by 29.9 mOsm/kg. Comparisons between the thickening 

agents and caloric density can be observed in Figure 2.

Effects of Supplementation

Each rater-1 (KAH) and rater-2 (EO) created 19 supplement combinations with varying 

caloric density and supplements for a total of 190 osmolality measurements (r=0.99, 

p<0.0001). Osmolality was not measured for all supplements in their pure form (0.4 mL 

saline, 0.3 mL ferrous sulfate, 0.5 mL vitamin D, or 0.5 mL multivitamin) as the freezing 

point was not achieved by the osmometer. The effects of combining these supplements with 

the 22 and 30 cal/oz formulas are shown in Figure 3.

DISCUSSION

This was a bench-tested model based on the prevailing NICU feeding practices here at 

Nationwide Children’s Hospital, Columbus, OH. These are the same bottles and formula 

combinations that are commonly used at the bedside. The salient findings from this study 

are: 1) Cereal thickening amounts and agents added to ready-to-feed liquid preterm formulas 

impact osmolality and can cross the limits of AAP safety thresholds. Specifically, the 

thickening agent increases osmolality, and oatmeal contributed to greater osmolality 

compared with rice on an equi-volume basis. These changes are further compounded by 
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agent, amount, and caloric density combinations. For example, for each 0.5 tsp/oz of rice 

cereal added to 22 cal/oz formula the osmolality increases by 16.7 mOsm/kg, while each 0.5 

tsp/oz of oatmeal cereal to 30 cal/oz formula increases the osmolality by 45.3 mOsm/kg 

(Table 2). 2) Commonly used vitamin and electrolyte supplements added to ready-to-feed 

preterm formula can remarkably increase osmolality (Figure 3).

Consequences of thickening for dysphagia or GER management

It is known that there is high variability in feed-thickening practices, and consequences of 

thickeners are numerous and may include NEC, hypernatremia, malabsorption of nutrients, 

constipation, dehydration, delayed gastrointestinal transit, fatigue from nipple extraction, 

difficulty extracting liquid, decreased oral intake, or prolonged transition of oral feeding in 

the presence of oropharyngeal dysphagia1,6,19,22–31,34–38. Additionally, each 1 tsp/oz of rice 

cereal or oatmeal adds 5 kcal/oz, and this increased energy density alters metabolism can 

lead to excessive body fat deposits19,39.

Thickeners are frequently used to treat dysphagia with the assumption that thickening 

decreases the flow rate, thus increasing oropharyngeal transit time to improve airway 

protection and oromotor control40. However, milk extraction is usually a problem due to the 

non-homogeneous mixtures or due to the nipple hole diameter which may further contribute 

to dysphagia. Although thickening liquids may reduce the risk of penetration-aspiration, it 

can increase the amount of post-swallow pharyngeal residue, which can contribute to 

delayed pharyngo-esophageal transit38. There is also the possibility of aspiration of 

thickened feeds which can have significant pulmonary consequences. The inherent reason 

for dysphagia cannot be addressed fully by adding thickener, and the risks may outweigh 

any potential benefits. Thickeners are also commonly used to treat GERD as they have been 

shown to decrease the frequency of regurgitation41. Another study has shown that thickened 

feeds reduced the height of the refluxate, but not acid GER42. However, current 

recommendations from the NASPGHAN on GER guidelines state that the overall quality of 

evidence for using thickened feeds to treat GERD in infants and children was low to very 

low43. They also state that visible regurgitation is improved but the impact on symptoms is 

not clear43.

Despite limited evidence, thickening continues to be a common practice in NICUs and other 

clinical settings22. Thus, there is a need for developing innovative treatment strategies other 

than thickened feeds for complex NICU infants with dysphagia and/or GERD.

Gastrointestinal effects, potential dysmotility mechanisms and hyperosmolality

Hyperosmolar feeds can contribute to feeding intolerance in multiple ways. Increased caloric 

content delays gastric emptying which is mediated by osmoreceptors in the duodenum1,44. 

Similar effects were noted on small bowel motility45. In some studies hypertonic solutions 

(630 mOsm/kg) have been shown to produce pain when infused into the adult esophagus46. 

Unlike small intestine, the gastric secretions do not alter the osmolality of the ingested 

material, and its contents can remain hypertonic for a while47. Emesis and prolonged GI 

transit are common reflex mechanisms of feeding intolerance and hyperosmolarity of feeds 

is a triggering factor20 by activating the gastric mucosal afferents and osmoreceptors48. On a 
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different note, gastrointestinal stasis can cause malabsorption, bacterial overgrowth, and 

diarrhea, thus modifying the structure of intestinal villi and crypts; thus setting up a situation 

for acute or chronic inflammation with mucosal injury49. The effects of osmolality from 

modified feeds and or the alteration of physico-chemical and or spatio-temporal 

characteristics of gastric contents can be a contributing factor in the genesis of troublesome 

symptoms50. Thus the presence of troublesome symptoms leads to further escalation of 

diagnostic assessments and or therapies and therefore costs.

In the presence of persistent troublesome symptoms, we simply propose clinical 

examination during an oral feeding session and recording a feeding diary over a 5-day 

period to gather overall feeding symptoms and capabilities. Attention is needed to document 

the contents, frequency, timing, nipple use, posture and feeding methods, all in relation to 

the symptoms and underlying disease. Such simple determinations may provide insights into 

feeding-difficulty triggering factors which can often have simple solutions based on 

pathophysiology and associations.

Limitations

We have attempted to model our study design as close as possible to the actual NICU 

feeding practices by using the same materials and formula combinations. However, multiple 

limitations to this study exist. One limitation to the study is that this experiment was a bench 

tested model and was not performed at the infant’s bedside where the feeding session was 

actually occurring. Testing at bedside can have technical inaccuracies; hence we performed 

this study in the lab setting. Other factors that may impact the osmolality such as consistency 

in preparation, caregiver variability in regards to prescription, dwell time, thickener amounts, 

mixing, and how feeds and supplements are administered. Additionally, adding thickeners to 

human milk is a unique challenge due to breast milk composition and enzymatic (amylase) 

digestion3. We limited our study to 2 ready-to-feed preterm formulas from one brand with 

the lowest and highest caloric densities used for preterm infants in order to show the range 

of osmolality from 22 to 30 calorie formula. Further studies are needed to evaluate the 

effects of varying practices at the bedside.

Clinical implications while considering additives to infant feedings

In the NICU setting, there are numerous provider recommendations and parental/nursing 

practices when preparing feeds. However, we have shown the use of additives significantly 

increases osmolality, which may be counter-productive to other gastrointestinal mechanisms.

With thickening, practices vary widely among therapists and providers regarding 

consistency, thickening agent, and preparation22. When thickening is still a strong 

consideration for Dysphagia/GER management, the ready-to-feed thickened formulas may 

be a safer alternative as the mixture is more homogeneous and has been vigorously tested, 

and passes FDA regulations including osmolality thresholds. Other alternative treatment 

strategies may include modifications to nipple flow or feeding volume, pacing while feeding, 

or appropriate positioning of the infant during feeding.

With the administration of oral medications, there are also many nursing practice scenarios. 

With tube feeding: medications can be administered directly into the gavage tube prior to the 
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feed, after the feed, mixed with part of the feed, or mixed in the entire feed. With oral 

feeding: medications may be given on their own, mixed with a small volume of the feed, or 

mixed in the entire feed. Regardless, if medications are given without feeds or mixed with a 

small volume of feed, the osmolality could be dangerously high. Although we did not test 

combinations of medications mixed with different volumes of breast milk or formula, all 

medications in isolation exceeded the osmometer freezing point limit of 2000 mOsm/kg. 

Therefore, we recommend mixing medications in the entire volume of feed, or dividing 

doses across multiple feeding sessions mixed with feeds to decrease the osmolality as much 

as possible.

Summary and Conclusions

The relationship between osmolality and modifications to the preterm formulas in relevance 

to the AAP safety threshold for osmolality are highlighted using a bench-tested experimental 

model. This is because the prescription of supplements, increasing caloric density and 

restricted fluid intakes are commonly adopted strategies for troublesome symptoms in 

preterm infants with bronchopulmonary dysplasia, gastroesophageal reflux and or 

dysphagia. Additives to the formulas significantly impact the product osmolality, some 

exceeding the safety threshold levels. These factors need closer scrutiny when feeding 

difficulties persist. Addition of thickeners for preterm infants is not advisable owing to 

possibility of contamination and inadequate sterility and shorter shelf life. Most importantly, 

the AAP has advocated against the use of thickening agents for high risk preterm infants 

under 44 weeks postmenstrual age23. We strongly advocate that only infant formulas 

produced under supervision according to the AAP recommendations should be used without 

adding thickening agents. Such an approach will not need changes to bottles and nipples, 

thus sterility and milk extraction rates are not compromised. On the other hand, if additives 

such as electrolytes and medications are to be administered, then, they could be given in 

divided doses so that osmolarity is not all concentrated in one aliquot. Thus, osmolality is 

distributed over multiple feed preparations. If in any given situation, thickeners and 

supplements are added, then providers and parents need to be aware of the risks and monitor 

the patient closely for signs and symptoms. Due to unintended consequences of 

hyperosmolality, this study supports the concept of achieving volume tolerance prior to 

further manipulation of additives to feeds.
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GERD Gastroesophageal reflux disease

Bibliography

1. Pearson F, Johnson MJ, Leaf AA. Milk osmolality: does it matter? Arch Dis Child Fetal Neonatal 
Ed. 2013; 98(2):F166–169. [PubMed: 21930688] 

2. Oliveira FR, Barros EG, Magalhaes JA. Biochemical profile of amniotic fluid for the assessment of 
fetal and renal development. Braz J Med Biol Res. 2002; 35(2):215–222. [PubMed: 11847525] 

3. De Curtis M, Candusso M, Pieltain C, Rigo J. Effect of fortification on the osmolality of human 
milk. Arch Dis Child Fetal Neonatal Ed. 1999; 81(2):F141–143. [PubMed: 10448185] 

4. Kalyantanda G, Shumyak L, Archibald LK. Cronobacter Species Contamination of Powdered Infant 
Formula and the Implications for Neonatal Health. Front Pediatr. 2015; 3:56. [PubMed: 26191519] 

5. Chandran S, Chua MC, Lin W, Min Wong J, Saffari SE, Rajadurai VS. Medications That Increase 
Osmolality and Compromise the Safety of Enteral Feeding in Preterm Infants. Neonatology. 2017; 
111(4):309–316. [PubMed: 28030867] 

6. Barness LA, Mauer AM, Holliday MA, et al. Commentary on breast-feeding and infant formulas 
including proposed standards formulas. Pediatrics. 1976; 57(2):278–285. [PubMed: 1250665] 

7. Baker RD, Greer FR, Committee on Nutrition American Academy of P. Diagnosis and prevention of 
iron deficiency and iron-deficiency anemia in infants and young children (0-3 years of age). 
Pediatrics. 2010; 126(5):1040–1050. [PubMed: 20923825] 

8. Abrams SA, Committee on Nutrition. Calcium and vitamin d requirements of enterally fed preterm 
infants. Pediatrics. 2013; 131(5):e1676–1683. [PubMed: 23629620] 

9. Isemann B, Mueller EW, Narendran V, Akinbi H. Impact of Early Sodium Supplementation on 
Hyponatremia and Growth in Premature Infants: A Randomized Controlled Trial. JPEN J Parenter 
Enteral Nutr. 2016; 40(3):342–349. [PubMed: 25406227] 

10. Munshi UK, Graziano PD, Meunier K, Ludke J, Rios A. Serum 25 Hydroxy Vitamin D Levels in 
Very Low Birth Weight Infants Receiving Oral Vitamin D Supplementation. J Pediatr 
Gastroenterol Nutr. 2017

11. Joy R, Krishnamurthy S, Bethou A, Rajappa M, Ananthanarayanan PH, Bhat BV. Early versus late 
enteral prophylactic iron supplementation in preterm very low birth weight infants: a randomised 
controlled trial. Arch Dis Child Fetal Neonatal Ed. 2014; 99(2):F105–109. [PubMed: 24302687] 

12. Lau C. Development of Suck and Swallow Mechanisms in Infants. Ann Nutri Metab. 2015; 
66(Suppl 5):7–14.

13. Lau C, Smith EO, Schanler RJ. Coordination of suck-swallow and swallow respiration in preterm 
infants. Acta Paediatr. 2003; 92(6):721–727. [PubMed: 12856985] 

14. Barlow SM. Oral and respiratory control for preterm feeding. Curr Opin Otolaryngol Head Neck 
Surg. 2009; 17(3):179–186. [PubMed: 19369871] 

15. Lefton-Greif MA, McGrath-Morrow SA. Deglutition and respiration: development, coordination, 
and practical implications. Semin Speech Lang. 2007; 28(3):166–179. [PubMed: 17647129] 

16. Jadcherla SR. Gastroesophageal reflux in the neonate. Clin Perinatol. 2002; 29(1):135–158. 
[PubMed: 11917735] 

17. Tipnis NA, Tipnis SM. Controversies in the treatment of gastroesophageal reflux disease in preterm 
infants. Clin Perinatol. 2009; 36(1):153–164. [PubMed: 19161872] 

18. Harding JE, Cormack BE, Alexander T, Alsweiler JM, Bloomfield FH. Advances in nutrition of 
the newborn infant. Lancet. 2017; 389(10079):1660–1668. [PubMed: 28443560] 

19. Vandenplas Y, Rudolph CD, Di Lorenzo C, et al. Pediatric gastroesophageal reflux clinical practice 
guidelines: joint recommendations of the North American Society for Pediatric Gastroenterology, 
Hepatology, and Nutrition (NASPGHAN) and the European Society for Pediatric 
Gastroenterology, Hepatology, and Nutrition (ESPGHAN). J Pediatr Gastroenterol Nutr. 2009; 
49(4):498–547. [PubMed: 19745761] 

Levy et al. Page 8

JPEN J Parenter Enteral Nutr. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



20. Jadcherla SR, Berseth CL. Acute and chronic intestinal motor activity responses to two infant 
formulas. Pediatrics. 1995; 96(2 Pt 1):331–335. [PubMed: 7630694] 

21. Viswanathan S, McNelis K, Super D, Einstadter D, Groh-Wargo S, Collin M. Standardized Slow 
Enteral Feeding Protocol and the Incidence of Necrotizing Enterocolitis in Extremely Low Birth 
Weight Infants. JPEN J Parenter Enteral Nutr. 2015; 39(6):644–654. [PubMed: 25316681] 

22. Madhoun LL, Siler-Wurst KK, Sitaram S, Jadcherla SR. Feed-Thickening Practices in NICUs in 
the Current Era: Variability in Prescription and Implementation Patterns. J Neonatal Nurs. 2015; 
21(6):255–262. [PubMed: 26664251] 

23. Abrams S. Be cautious in using thickening agents for preemies. AAP News. 2011; 32(7)

24. September C, Nicholson TM, Cichero JA. Implications of changing the amount of thickener in 
thickened infant formula for infants with dysphagia. Dysphagia. 2014; 29(4):432–437. [PubMed: 
24658846] 

25. Dalmazo J, Aprile LR, Dantas RO. Effect of swallowed bolus viscosity and body position on 
esophageal transit, contraction and perception of transit. Arq Gastroenterol. 2015; 52(1):27–31. 
[PubMed: 26017079] 

26. Dooley CP, Schlossmacher B, Valenzuela JE. Modulation of esophageal peristalsis by alterations of 
body position. Effect of bolus viscosity. Dig Dis Sci. 1989; 34(11):1662–1667. [PubMed: 
2582978] 

27. Amaizu N, Shulman R, Schanler R, Lau C. Maturation of oral feeding skills in preterm infants. 
Acta Paediatr. 2008; 97(1):61–67.

28. Jadcherla S. Dysphagia in the high-risk infant: potential factors and mechanisms. Am J Clin Nutr. 
2016; 103(2):622S–628S. [PubMed: 26791178] 

29. Vist GE, Maughan RJ. The effect of osmolality and carbohydrate content on the rate of gastric 
emptying of liquids in man. J Physiol. 1995; 486(Pt 2):523–531. [PubMed: 7473216] 

30. Triadafilopoulos G, Nguyen L, Clarke JO. Patients with symptoms of delayed gastric emptying 
have a high prevalence of oesophageal dysmotility, irrespective of scintigraphic evidence of 
gastroparesis. BMJ Open Gastroenterol. 2017; 4(1):e000169.

31. Almeida MB, Almeida JA, Moreira ME, Novak FR. Adequacy of human milk viscosity to respond 
to infants with dysphagia: experimental study. J Appl Oral Sci. 2011; 19(6):554–559. [PubMed: 
22230987] 

32. Carignan CC, Punshon T, Karagas MR, Cottingham KL. Potential Exposure to Arsenic from Infant 
Rice Cereal. Ann Glob Health. 2016; 82(1):221–224. [PubMed: 27325082] 

33. AAP Arsenic in Rice Expert Work Group. AAP group offers advice to reduce infants’ exposure to 
arsenic in rice. AAP News. 2014; 35(10)

34. Fenton TR, Belik J. Routine handling of milk fed to preterm infants can significantly increase 
osmolality. J Pediatr Gastroenterol Nutr. 2002; 35(3):298–302. [PubMed: 12352516] 

35. Morlacchi L, Mallardi D, Gianni ML, et al. Is targeted fortification of human breast milk an 
optimal nutrition strategy for preterm infants? An interventional study. J Transl Med. 2016; 14(1):
195. [PubMed: 27370649] 

36. Mascarenhas R, Landry L, Khoshoo V. Difficulty in defecation in infants with gastroesophageal 
reflux treated with smaller volume feeds thickened with rice cereal. Clin Pediatr (Phila). 2005; 
44(8):671–673. [PubMed: 16211190] 

37. Woods CW, Oliver T, Lewis K, Yang Q. Development of necrotizing enterocolitis in premature 
infants receiving thickened feeds using SimplyThick®. J Perinatol. 2012; 32(2):150–152. 
[PubMed: 22289705] 

38. Steele CM, Alsanei WA, Ayanikalath S, et al. The influence of food texture and liquid consistency 
modification on swallowing physiology and function: a systematic review. Dysphagia. 2015; 
30(1):2–26. [PubMed: 25343878] 

39. Algotar AS, A K, Siler-Wurst K, Sitaram S, Gulati I, Jadcherla SR. Unique Patterns of Body 
Composition and Anthropometric Measurements During Maturation in Neonatal Intensive Care 
Unit Neonates: Opportunities for Modifying Nutritional Therapy and Influencing Clinical 
Outcomes. JPEN Journal of Parenteral and Enteral Nutrition. 2018; 42(1):231–238. [PubMed: 
29505146] 

Levy et al. Page 9

JPEN J Parenter Enteral Nutr. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



40. Goldfield EC, Smith V, Buonomo C, Perez J, Larson K. Preterm infant swallowing of thin and 
nectar-thick liquids: changes in lingual-palatal coordination and relation to bolus transit. 
Dysphagia. 2013; 28(2):234–244. [PubMed: 23274694] 

41. Chao HC, Vandenplas Y. Effect of cereal-thickened formula and upright positioning on 
regurgitation, gastric emptying, and weight gain in infants with regurgitation. Nutrition. 2007; 
23(1):23–28. [PubMed: 17189087] 

42. Wenzl TG, Schneider S, Scheele F, Silny J, Heimann G, Skopnik H. Effects of thickened feeding 
on gastroesophageal reflux in infants: a placebo-controlled crossover study using intraluminal 
impedance. Pediatrics. 2003; 111(4 Pt 1):e355–359. [PubMed: 12671151] 

43. Rosen R, Vandenplas Y, Singendonk M, et al. Pediatric Gastroesophageal Reflux Clinical Practice 
Guidelines: Joint Recommendations of the North American Society for Pediatric 
Gastroenterology, Hepatology, and Nutrition and the European Society for Pediatric 
Gastroenterology, Hepatology, and Nutrition. J Pediatr Gastroenterol Nutr. 2018; 66(3):516–554. 
[PubMed: 29470322] 

44. Calbet JA, MacLean DA. Role of caloric content on gastric emptying in humans. J Physiol. 1997; 
498(Pt 2):553–559. [PubMed: 9032702] 

45. Schmid HR, Ehrlein HJ. Effects of enteral infusion of hypertonic saline and nutrients on canine 
jejunal motor patterns. Dig Dis Sci. 1993; 38(6):1062–1072. [PubMed: 8508701] 

46. Lloyd DA, Borda IT. Food-induced heartburn: effect of osmolality. Gastroenterology. 1981; 80(4):
740–741. [PubMed: 7202945] 

47. Fordtran JS, Locklear TW. Ionic constituents and osmolality of gastric and small-intestinal fluids 
after eating. Am J Dig Dis. 1966; 11:503–521. [PubMed: 5937767] 

48. Darmani NA. Preface. New vistas in the pharmacology and neurochemistry of diverse causes of 
nausea and vomiting. Eur J Pharmacol. 2014; 722:1. [PubMed: 24384393] 

49. Norris HT. Response of the small intestine to the application of a hypertonic solution. Am J Pathol. 
1973; 73(3):747–764. [PubMed: 4767262] 

50. Jadcherla SR, Gupta A, Fernandez S, et al. Spatiotemporal characteristics of acid refluxate and 
relationship to symptoms in premature and term infants with chronic lung disease. Am J 
Gastroenterol. 2008; 103(3):720–728. [PubMed: 18341491] 

Levy et al. Page 10

JPEN J Parenter Enteral Nutr. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



CLINICAL RELEVANCY STATEMENT

The American Academy of Pediatrics (AAP) Committee on Nutrition cautions against 

infant feedings over 400 mOsm/liter [450 mOsm/kg] based on human milk norms and 

historical consensus observed at the time. Formula modifications (increasing caloric 

density, restricting fluid volume, thickening feeds, and/or prescribing supplements) are 

common strategies for preterm infants with bronchopulmonary dysplasia, 

gastroesophageal reflux, and/or dysphagia to improve growth and minimize troublesome 

symptoms. However, caution should be exercised as additives (thickening agents or 

supplements) to ready-to-feed preterm formula significantly impact product osmolality 

and may exceed the AAP limit. When making modifications to ready-to feed liquid 

preterm formulas, parents and providers should be aware of these risks and monitor the 

patient closely for signs and symptoms related to hyperosmolality.
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Figure 1. Study Design
Each rater (WH and KAH) tested 5 samples from 28 different formula combinations. 

Variations included preterm formulas with different caloric densities, cereal thickening 

agents, and thickening amounts.
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Figure 2. Effects of formula caloric density, thickening agent, and thickening amount on 
osmolality
AAP, American Academy of Pediatrics. Formula type- 30 cal/oz had significantly increased 

osmolality vs 22 cal/oz. Thickener type- The oatmeal thickener had increased osmolality vs 

the rice thickener. Thickener amount (recipe) - As the thickening agent recipe increases, the 

osmolality increases. Also note the 30 cal/oz formula crosses the AAP guidelines threshold 

for safe feeding.
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Figure 3. Effects of supplementation added to ready-to-feed preterm formula on osmolality
AAP, American Academy of Pediatrics; D, vitamin D; Fe, ferrous sulfate; MVT, 

multivitamin; NaCl, saline, PTF; ready-to-feed preterm formula. The red line represents the 

AAP threshold. Note the combinations of supplements that cross the AAP threshold. Also 

note the osmolality is significantly increased for all supplement combinations added to the 

30 cal/oz density.
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Table 1

Manufacturer Reported Osmolality of Common Fortifiers and Ready-to-feed Formulas*.

Formula Types Caloric Density (Cal/fl 
oz) Osmolality (mOsm/kg)

Preterm Human Milk (PHM) 20 290

 PHM + Similac® Human Milk Fortifier Concentrated Liquid (1 pkt: 25 mL) 24 385

 PHM + Similac® Human Milk Fortifier Hydrolyzed Protein Concentrated Liquid (1 
pkt: 25 mL)

24 450

 PHM + Enfamil® Human Milk Fortifier Acidified Liquid (1 vial : 25 mL) 24 326

Preterm Infant Formula

 Similac® Special Care® 20 20 235

 Enfamil® Premature 20 Cal 20 260

 Similac® Special Care® 24 24 280

 Enfamil® Premature 24 Cal 24 320

 Similac® Special Care® 24 High Protein 24 280

 Enfamil® Premature 24 Cal High Protein 24 300

 Similac® Special Care® 30 30 325

 Enfamil® Premature 30 Cal 30 320

Preterm Infant Post-Discharge Formula

 Similac® Neosure® 22 250

 Enfamil® EnfaCare® 22 230

Term Infant Formula

 Similac® Pro-Advance™ 19 310

 Enfamil® Newborn 20 300

 Enfamil® Infant 20 300

 Similac® Pro-Sensitive™ 19 200

 Enfamil® Gentlease® 20 220

 Enfamil® Reguline™ 20 260

 Similac® for Spit-Up 19 180

 Enfamil® A.R.™ 20 240

Hypoallergenic Formula

 Similac® Alimentum® 20 370

 Enfamil® Nutramigen® 20 320

 Enfamil® Pregestimil® 20 290

*
Data from Abbott Nutrition Laboratories (https://static.abbottnutrition.com/cms-prod/abbottnutrition-2016.com/img/simlac-productguide.pdf) and 

MeadJohnson Nutrition (https://www.meadjohnson.com/pediatrics/us-en/sites/hcp-usa/files/LB6-ProductGuide-REV-10-14-lo.pdf). PHM, Preterm 
Human Milk.

JPEN J Parenter Enteral Nutr. Author manuscript; available in PMC 2020 February 01.

https://static.abbottnutrition.com/cms-prod/abbottnutrition-2016.com/img/simlac-productguide.pdf
https://www.meadjohnson.com/pediatrics/us-en/sites/hcp-usa/files/LB6-ProductGuide-REV-10-14-lo.pdf


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Levy et al. Page 16

Table 2

Effect of Thickening Agent in 0.5 tsp/oz Increments (from 0 – 3 tsp/oz) on Ready-to-Feed Preterm Formula 

Osmolality (mOsm/kg)

Thickening Agent Slope
ß ± SE

Slope
p-value

Any thickener 29.9 ± 2.3 <0.001

22 cal/oz + Rice* 16.7 ± 0.5 <0.001

22 cal/oz + Oatmeal 26.9 ± 1.5 <0.001

30 cal/oz + Rice 29.8 ± 2.3 <0.001

30 cal/oz + Oatmeal 45.3 ± 4.2 <0.001

*
Interpretation example: In the 22 cal/oz ready-made preterm formula, the osmolality increases by 16.7 mOsm/kg for every 0.5 tsp/oz of rice cereal 

additive.
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