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ABSTRACT 
 

Childhood obesity rates have more than tripled since the 1970s, and this increased 

prevalence is cause for concern as childhood obesity increases the risk of adult obesity and other 

comorbid diseases1,2. Evidence suggests that the origins of obesity can be identified in 

infanthood3. Accurate methods of assessing food intake in infants can be utilized to establish 

effective feeding practices in infanthood and to assess the relationship between infant feeding 

practices and the risk of childhood obesity4-6. Current methods are either subjective7 or have 

limited ability for widespread use beyond clinical research settings due to cost and high burden8,9. 

The aim of the Baby Bottle study was to assess the accuracy of the Remote Food Photography 

Method (RFPM), a novel food intake assessment method, in estimating infant formula as 

compared to the gold standard, the directly weighed foods method. In the Baby Bottle study, 

fifty-three adults were recruited to prepare infant formula bottles and use the RFPM to capture 

photographs of infant formula at different stages of bottle preparation. Dry food provision, liquid 

food provision, and liquid waste gram weights measured by the RFPM and directly weighed 

foods method were compared to assess the accuracy of the RFPM in the estimation of infant 

formula. Paired dependent t-tests and the Bland-Altman regression method were employed to 

determine if the weight estimations of RFPM differed from the weights measured by the directly 

weighed foods method. Multivariate analysis of variance was used to analyze the effects of trial 

number and caregiver status on infant formula preparation. The RFPM estimated liquid formula 

intake within 10% of the directly weighed foods method, with error of -4.1 ± 14.4% (P<0.0001), 

2.8 ± 16.3% (P=0.1550), and 7.0 ± 12.4% (P<0.0001) in 2 fluid ounce, 4 fluid ounce, and 6 fluid 

ounce bottles, respectively. The RFPM overestimated liquid formula intake by 14.0 ± 10.3% 

(P<0.0001) in 8 fluid ounce bottles. There were no significant differences between individuals in 

the caregiver group (n=28) and the non-caregiver group (n=25) based on all demographic and 

descriptive characteristics. There were no significant differences for the effects of trial number 

and caregiver status on infant formula preparation except for a significant main effect of caregiver 

status on the preparation of dry food provision of 2 fluid ounce bottles (P=0.0499) and a 

significant interaction between trial number and caregiver status on preparation of dry food 

provision of 4 fluid ounce bottles (P=0.0146). In conclusion, the RFPM is a viable method of 

measuring infant formula intake as it provides more valid estimates as compared to commonly 

used self-report methods in clinical practice and research and decreased cost, burden, and time 

commitment from individuals as compared to current objective methods8,9.
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CHAPTER 1: INTRODUCTION 
 

Introduction 

 

According to the most recent National Health and Nutrition Examination Survey 

(NHANES) from 2009 to 2010, 16.9% of children and adolescents aged 2 to 19 years were obese 

and 31.8% were overweight and obese2. Additionally, these data showed that almost 10% of 

infants and toddlers aged 6 to 23 months were obese defined as weight for recumbent length 

greater than or equal to the 95th percentile2. Evidence suggests that the origins of obesity can be 

identified in the first years of life3. Parents and other family members are responsible for 

influencing infant feeding behavior4,8,10 and establishing the foundation for a healthy diet and 

lifestyle4. A culmination of studies that assessed the energy requirements in children using the 

doubly labeled water method suggests that childhood obesity can be best explained by an 

increased energy intake11. Certainly, breastfeeding, timing of solid food introduction, and home 

food environment during early childhood can impact the risk of childhood obesity10,12. Assessing 

food intake in infants is useful in monitoring growth and development, but it also has the 

potential to be instrumental in preventing overfeeding in infanthood13 and, therefore, minimizing 

the risk of childhood obesity10,12. 

Measuring food intake for infants is challenging because foods and eating patterns are 

constantly changing during the first two years of life. In addition, food intake during the first two 

years of life dramatically differs from food intake during the remainder of life14, where most of 

the available methods for assessing food intake are focused. Infant nutrition begins with exclusive 

feeding of either human milk or infant formula, or a combination of human milk and infant 

formula from birth until six months of age. Pureed foods and, then, solid foods are introduced 

usually beyond six months so infants are consuming a mixed diet near the end of the first year of 

life4,15.  

Current methods for measuring infant food intake include the directly weighed foods 

method, test weighing, the doubly labeled water method, estimated food diaries, twenty-four hour 

diet recalls, and food frequency questionnaires. The directly weighed foods method is considered 

one of the most common reference standards as it is one of the most accurate and direct methods 

for measuring food intake in infants9,16. Test weighing and the doubly labeled water method have 

been shown to overestimate food intake within 10% in infants when compared to the directly 

weighed foods method17-20. The twenty-four hour diet recall method has been shown to 

overestimate food intake by 13% in infants as compared with the directly weighed foods 

method14. Andersen and colleagues developed a food frequency questionnaire that overestimated 



3 

 

food intake by 25% as compared to the directly weighed foods method16. Establishing accurate 

methods to estimate food intake in infants is important for establishing effective feeding 

practices, supporting adequate growth and development and understanding the role of food intake 

during infanthood in the development of childhood obesity. 

The Remote Food Photography Method (RFPM) is an emerging method for assessing 

food intake that utilizes digital photography of food provision and plate waste to estimate food 

intake7,21. With the RFPM, individuals take photographs of food provision and plate waste using 

the SmartIntake© application developed at Pennington Biomedical Research Center21,22. Then, 

photographs are transmitted in near real-time over the wireless network and are analyzed using 

digital photography where food photographs are compared to standard food portions and linked to 

the foods’ nutrient information in order to obtain food gram weights, macronutrient content, and 

micronutrient content7,9,21. There are several advantages of the RFPM as compared to other 

methods including reduced patient burden and elimination of the need for individuals to estimate 

portion size22. Another strength of the RFPM is that the use of reminder message prompts helps to 

minimize missing data and to promote data quality21. The RFPM has been validated in free-living 

adult individuals21 , and it has the potential to be a useful tool for assessing food intake in other 

populations including infants in research and clinical settings21. 

 

Objectives 

 

The primary objective of the Baby Bottle study was to: 

1. assess if the RFPM can accurately estimate simulated infant formula intake compared to 

the gold standard– the directly weighed foods method. 

Secondary objectives were to: 

2. evaluate the inter- and intra-individual variability in infant formula preparation and  

3. investigate the variability in infant formula preparation between caregivers and non-

caregivers of infants. A caregiver was defined as an individual who identified as a parent, 

grandparent, sibling, aunt or uncle, or nanny or babysitter who has provided care to an 

infant within the last twelve months. 

 

Justification 

 

The American Academy of Pediatrics (AAP) has provided recommended ranges for 

feeding infants to help caregivers and health providers ensure energy intake is sufficient to 
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support infant growth without overfeeding (Table 1)23. As illustrated in Table 1, the amount of 

each feeding and frequency of feedings per day increase with age to provide a steady increase in 

energy intake (kcal/day), which is necessary to promote growth. Given the recommended feeding 

patterns (and expected energy intake) throughout the first six months of life, a goal of the Baby 

Bottle study was to evaluate the capacity of the RFPM to estimate energy intake for bottles of 

infant formula prepared with a final volume of 2 fl oz, 4 fl oz, 6 fl oz, and 8 fl oz. 

 

Table 1: American Academy of Pediatrics Recommendation for Infant Feeding 

 Age of 

Infant 

Feeding 

Size (oz) 

Energy intake 

(kcal) 

Total Feedings 

(per day) 

Total Amount/ 

Day 

Total energy 

intake 

(kcal/day) 

Newborn 2 fl oz 40 6 12 fl oz 240 

            

1 month 3 fl oz 60 6 18 fl oz 360 

            

2 months 4 fl oz 80 6 24 fl oz 480 

            

4 months 6 fl oz 120 4 24 fl oz 480 

            

6 months 8 fl oz 160 4 32 fl oz 640 

 

In order to understand the clinical significance of RFPM measurement error in estimating 

food intake from bottles of infant formula, the total daily energy intake that would be either over- 

or under- estimated if the measurement error was 5%, 10%, 15% or 20% for standard meal sizes 

commensurate with recommendations from birth to six months was calculated (Table 2). An 

estimated food intake using the RFPM that has 5% measurement error for a newborn, where the 

feeding size is 40 kcal, would result in a difference of 3 g per meal in formula or a difference of 

±12 kcal per day.  Similarly for an infant aged six months, a measurement error of 5% would 

yield a difference of ±32 kcal per day. 

Based on current objective methods for measurement of infant food intake, the goal of 

the RFPM method in estimating infant formula intake is within 10% of actual measured energy 

intake. This error is supported by previous work that validated the RFPM for assessment of food 

intake in adults and validation studies in comparison to the directly weighed foods method of 

other commonly used methods for evaluating infant food intake. If the RFPM method is shown to 

provide estimates of energy intake within 10% of actual measured energy intake, it will be 

demonstrated that the method can be applied to the estimation of infant formula intake and, 
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importantly, that RFPM may provide a more valid approach for quantifying infant food intake 

compared to commonly used self-report methods in clinical practice and research. 

 

Table 2: Measurement Error on Infant Formula Preparations 

Age of 

Infant   5% 10% 15% 20% 

Newborn g difference/ feeding 3.05 6.1 9.15 12.2 

  kcal difference/ feeding 2 4 6 8 

  kcal difference/ day 12 24 36 48 

1 month g difference/ feeding 4.575 9.15 13.725 18.3 

  kcal difference/ feeding 3 6 9 12 

  kcal difference/ day 18 36 54 72 

2 months g difference/ feeding 6.1 12.2 18.3 24.4 

  kcal difference/ feeding 4 8 12 16 

  kcal difference/ day 24 48 72 96 

4 months g difference/ feeding 9.15 18.3 27.45 36.6 

  kcal difference/ feeding 6 12 18 24 

  kcal difference/ day 24 48 72 96 

6 months g difference/ feeding 12.2 24.4 36.6 48.8 

  kcal difference/ feeding 8 16 24 32 

 kcal difference/ day 32 64 96 128 

 

Limitations 

 

Limitations of this study were: 

1. Whole milk powder as compared to powdered infant formula was used in bottle 

preparation in the Baby Bottle study, as it was a cost effective substitute for commercial 

powdered infant formula. To prepare 159, 2 fluid ounce, 159, 4 fluid ounce, 159, 6 fluid 

ounce, and 159, 8 fluid ounce bottles, 22 Similac Advance containers costing 

approximately $550 would need to be purchased. In comparison, an equivalent amount of 

whole milk powder costs approximately $125. Since the Baby Bottle study design 

involved discarding the prepared bottles without providing the prepared bottles to infants 

for feeding, it was wasteful to spend $550 for Similac Advance containers. The key 

assumption for the use of whole milk powder as a substitute for infant formula was that 

the consistency of the whole milk powder and powdered infant formula are the same. 

Importantly, the participants were unaware of the powder substitution as a 1.45 lb 

container of Similac Advance formula was purchased and continually refilled. Using the 

commercial container, participants were able to use the same standard infant formula 
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scoop provided with the Similac Advance infant formula container and preparation 

instructions on the back of the Similac Advance infant formula container. 

2. The pattern in which individuals prepare bottles was standardized, as the study design 

required weighing the bottles at each step. Study participants were required to prepare 

bottles by adding dry powder followed by water as compared to water followed by dry 

powder. It was necessary to weigh the dry powder to assess the accuracy of the RFPM in 

estimating the energy content of the dry powder. In free-living conditions, it is unknown 

the manner in which an individual prepares a bottle. To minimize the effect of this 

limitation, participants were encouraged to read and interpret the instructions for infant 

formula preparation provided on the Similac Advance infant formula container. 

 

Assumptions 

 

Assumptions in this study were: 

1. The sample size was viable to reflect the relationship between the RFPM and the directly 

weighed foods and estimated food intake. Other statistical assumptions include a power 

of 0.80 for sample size estimation and an alpha equal to 0.05 for statistical analysis. 

2. The randomization of discarding prepared infant formula was determined using a random 

number generator reflecting a Gaussian distribution (Mean=0.80, SD=0.20). The range of 

discarding prepared infant formula is assumed to reflect the infant formula waste of 

typical infant feeding. All numbers over 100% that were generated were assumed to be 

100%. 
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CHAPTER 2: REVIEW OF LITERATURE 
 
Childhood Obesity 

 

There is no argument that the increased prevalence of overweight and obese adults 

worldwide is cause for concern. More alarming, however, is the rapid increase in overweight and 

obesity in children. Data from the National Health and Nutrition Examination Survey (NHANES) 

from 1971 to 1974 showed that 5% of children and adolescents aged 2 to 19 years were obese1. 

According to the most recent NHANES data from 2009 to 2010, 16.9% of children and 

adolescents aged 2 to 19 years were obese and 31.8% of children and adolescents aged 2 to 19 

years were overweight and obese2. These data suggest that since the 1970s, childhood obesity 

rates have more than tripled1,2. Rates of obesity in infants and toddlers have also increased during 

this timeframe1,2. The 2009-2010 NHANES data showed that 9.7% of infants and toddlers aged 6 

to 23 months were obese defined as weight for recumbent length greater than or equal to the 95th 

percentile2. 

Evidence suggests that the origins of obesity can be identified in early childhood3. 

Families and immediate caregivers hold the largest influence on the health behaviors of young 

children6. Breastfeeding, timing of solid food introduction, and home food environment during 

early childhood can impact the risk of childhood obesity10,12. As a consequence of the rise of 

childhood obesity, other chronic comorbidities including hypertension, type 2 diabetes, asthma, 

and dyslipidemia are also on the rise and are impacting the long-term health of children24,25. The 

prevalence of childhood hypertension has increased since the late 1980s24, and obese children are 

2.5-3.7 times more likely to have hypertension than non-obese children12,26. In adults, type 2 

diabetes has consistently been correlated with obesity27, and weight status has also been shown to 

affect the incidence of type 2 diabetes throughout childhood6. Furthermore, overweight and 

obesity throughout childhood and adulthood have been associated with a twelve-fold increase in 

the development of type 2 diabetes28. In addition to hypertension and type 2 diabetes, asthma is 

influenced by obesity and weight status in children3,29,30. According to a longitudinal study on 

childhood obesity and asthma, higher weight status was associated with asthma severity and poor 

asthma control29. 

There is strong evidence suggesting that overweight and obesity in children increases the 

risk for obesity and comorbidity in adulthood31-34. Furthermore, the existence of cardiovascular 

risk factors in childhood, such as obesity, dyslipidemia, hypertension, and type 2 diabetes, 

contributes to the development of cardiovascular disease in adulthood12,34,35. For example, it has 

been shown that dyslipidemia throughout childhood continues into adulthood in 50% of cases12. 
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Since cardiovascular disease is the leading cause of death in the United States, strategies to 

reduce overweight and obesity in children can be effective steps to reduce disease risk and 

healthcare burden35. 

There is increasing evidence that genetic factors also affect the risk of obesity. Research 

suggests that parental weight status influences the weight of offspring with maternal weight 

having the strongest association36. Some single-gene defect disorders including Prader-Willi 

syndrome and Bardet-Biedl syndrome have presented central obesity as a primary clinical feature 

which affects about 5% of childhood obesity cases37. Furthermore, there is evidence of a genetic 

predisposition for obesity with certain genes including fat mass and obesity associated gene 

(FTO) and melanocortin 4 receptor (MC4R) as two of the most studied genes with associations to 

body mass index, adiposity, and obesity 37,38. Obesity may be explained in part by genetic factors, 

but, ultimately, it is the result of a chronic imbalance between energy intake and energy 

expenditure35. A positive energy balance, whether achieved through increased energy intake or 

reduced energy expenditure, contributes to weight gain and has the potential to lead to overweight 

and obesity32. 

 

Determinants of Obesity in Children 

 

Energy Balance 

 

The existence of obesity is directly influenced by a positive imbalance of energy intake 

and energy expenditure. Positive energy imbalance may be the result of high energy intake, low 

energy expenditure, or a combination of both32, and this relationship is responsible for weight 

gain39. According to the first law of thermodynamics, energy cannot be destroyed; it can only be 

transferred or stored40,41. The concept of energy balance follows the first law of thermodynamics 

because it involves energy intake and energy expenditure and their direct relationship to each 

other and to the amount of energy stored in the body. The energy balance equation is defined as 

energy intake = energy expenditure, but energy balance is more commonly referred to as energy 

intake + energy expenditure = energy stores
39. 

Energy intake refers to the energy derived from the intake of the 3 primary 

macronutrients—carbohydrate, protein, and fat42. Energy expenditure reflects total energy 

expended during a day which includes resting energy expenditure, the thermic effect of food or 

diet-induced thermogenesis, and energy expended from physical activity and all non-exercise 

activities40. 
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The amount of energy needed to sustain normal bodily functions and to maintain body 

mass is termed the energy requirement42. The energy requirement of a free-living individual can 

be measured accurately during weight stability by the doubly labeled water method (DLW). 

While DLW data is available to scientists and may be used by some clinical professionals, data 

on energy requirements using the DLW method is not widely available to the general public. 

Consequently, many adults cannot accurately estimate the energy requirement for themselves or 

for their families. 

Energy balance studies in children are complex, given the additional variability of growth 

and the evidence that rapid growth during childhood can lead to obesity during adulthood39. For 

infants, energy requirements include the energy cost of growth, physical activity and movement. 

Higher rates of weight gain in infancy is associated with an increased risk of obesity1 and is one 

of the strongest risk factors for childhood obesity13. This has been widely reported in 

industrialized countries where formula feeding often outweighs breastfeeding, and it may be due 

to feeding mode since formula fed infants, typically, gain weight faster than breastfed infants1 . 

Additionally, more rapid weight gain in formula fed infants may be attributed to the fact that 

formula feeding mothers tend to follow feeding schedules rather feeding on demand which may 

result in overfeeding13. The link between rapid growth in infancy and obesity in adulthood 

deserves further investigation. 

Energy expenditure, including physical activity, is an important aspect in maintaining 

energy balance and preventing excess weight gain in children3. Physical activity is also essential 

for normal growth and development in children32. Recently, physical inactivity has been 

evidenced in children, and current Western civilization standards have perpetuated this physical 

inactivity32. Physical inactivity may contribute to excess weight gain and obesity in childhood, 

and, in consequence, the risk of obesity in adulthood32. Sedentary activities including television 

viewing, persistent computer use, and other electronic media use are linked to the risk of 

childhood obesity32,43,44. The American Academy of Pediatrics (AAP) recommends that children 

younger than two years refrain from television viewing and that children two years of age or older 

limit television viewing to no more than two hours per day45. Energy expenditure in infants 

consists of the cost of growth, physical activity, and movement, and it should increase throughout 

infancy to promote normal growth and development46,47. Parents and caregivers are encouraged to 

expose infants to active play to stimulate movement and limit time when the infant’s movement is 

restricted as in car seats or strollers48,49. Caregivers of children at all ages should provide a safe 

and structured play environment including outdoor exploration and other sources of activity32,45,49. 
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Children should be a priority in advocating for the prevention of obesity and other diseases 

providing a focus that is on prevention rather than on treatment of childhood obesity43.  

Research suggests that increased food intake rather than decreased physical activity is 

responsible for the increased rates of overweight and obesity in both adults and children11. While 

increasing the quantity of food in childhood clearly has a role in affecting weight gain and obesity 

rates, the quality of the diet in childhood is also important to support growth, development, and 

can establish the eating behaviors adopted in adulthood50. For example, fruit and vegetable 

exposure and consumption during childhood has been shown to improve fruit and vegetable 

consumption in adulthood15,51. A small percentage of children are meeting fruit and vegetable 

recommendations50, identifying a common problem in children’s diet composition. Highly 

processed foods containing sodium such as marketed snack foods are often provided to young 

children including infants and toddlers as these snack foods are appetizing and easy to consume24. 

Individuals as young as six years are reported to have sodium intakes above the United States 

Department of Agriculture (USDA) recommendations24. High intake of sodium, including during 

early childhood is associated with risk of hypertension52. Maintaining sodium intake within 

USDA recommendations may be beneficial in preventing or controlling hypertension24. During 

the last few decades, there has been an increase in consumption of processed foods and sugar-

sweetened beverages due to their affordability, durability, and convenience. Providing highly 

processed energy dense snacks to young children including infants is affects dietary composition 

and, likely, preferences throughout childhood and into adulthood15,50. Frequent consumption of 

highly processed foods has been linked to weight gain and increased risk of chronic disease53,54. 

Typically, processed foods contain low amounts of vitamins, minerals, and fiber and high 

amounts of added sugars and sodium54,55 . In the late 1970s, high fructose corn syrup became a 

popular and economical sweetener leading to the rise of refined sugar consumption56. 

Consumption of sugar-sweetened beverages including soft drinks has increased especially in 

children and adolescents leading to increased concern about childhood obesity24,57. Increased 

intake of sugar-sweetened beverages increases weight gain and the risk of dental caries. 

Consequently, increased weight gain in childhood resulting from poor diet quality and increased 

food intake increases the risk of obesity, cardiovascular disease, type 2 diabetes, and metabolic 

syndrome in later life58-60. 

 

Nutritional Programming of Infants 

 

The most “critical” period of nutritional programming begins while the fetus is growing 

in utero and continues through the first two years of life4,61, recently referred to as the first 1000 
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days62. Before birth, maternal diet is responsible for providing energy and nutrients to the 

growing fetus4. The fetus is exposed to the nutrients of the maternal diet and other metabolic and 

environmental factors and contaminants through the amniotic fluid4, and the composition can 

positively or negatively affect the fetus. Previous literature has shown that gestational weight 

gain, gestational diabetes mellitus, and tobacco use during pregnancy are significant factors that 

may negatively affect infant birth outcomes and early growth and development13,36. When a 

mother chooses to breastfeed after birth, the infant continues to be exposed to the maternal diet 

further linking the fetal and the growth environments of early life4. The nutritional environment 

that parents and caregivers provide exposes infants to immediate effects and nutritional 

programming for long-term effects4. Important nutrition decisions during this “critical” period 

include the decisions about the initiation of breastfeeding, the duration of breastfeeding, and the 

use of formula feeding. It has been shown that infants who are exclusively bottle-fed may lack the 

self-regulation skills4,5 to prevent overfeeding6. Infant-initiated bottle emptying during the first six 

months of life has been associated with excess weight gain in the first year of life63. Another 

critical decision for parents and caregivers during the first year of life is the timing of the 

introduction of solid foods64,65. Parents and caregivers are responsible for nutritional 

programming for growth and development and setting the foundation for a healthy life. 

 

Infant Food Intake 

 

The characteristic rapid growth and development of infants causes eating patterns to 

constantly change throughout the first two years of life4. During this critical growth period, 

infants are constantly developing and learning new feeding skills4. Food intake during the first 

two years of life dramatically differs from food intake during the remainder of life14. Infant 

nutrition begins with exclusive feeding of either human milk or infant formula, or a combination 

of human milk and infant formula. Pureed foods and, then, solid foods are introduced gradually 

within the first year of life4,15. Early introduction of cow’s milk, high juice intake, and low intake 

of fruits and vegetables during the early period of solid foods introduction have been shown to be 

associated with overweight and obesity in childhood65. Early feeding practices shape long term 

eating behaviors so the quantity and variation of foods during infancy is important10. Parents and 

caregivers are responsible for influencing feeding behavior4,8,10 and establishing the foundation 

for a healthy diet and lifestyle4. 

Human milk is the ideal nutrition for infants as it is specifically designed for human 

infants5. Breastfeeding promotes attachment between mother and infant, and it has nutritional and 
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immunological advantages for the infant and mother5. Exclusive breastfeeding and long duration 

rates are argued by some groups to be protective against childhood obesity5,66,67. With respect to 

feeding behavior, breastfeeding promotes infant self-regulation of feeding4,5 which may reduce 

the likelihood of overeating and weight gain6. The World Health Organization (WHO) 

recommends exclusive breastfeeding for six months, but supports that partial breastfeeding and 

shorter durations of breastfeeding can still have beneficial effects on growth and health in 

infants68. In a recent study on feeding patterns in the first two years of life, exclusive 

breastfeeding was significantly associated with higher weight, higher length, lower probability of 

stunting, lower probability of wasting and lower probability of infections68. 

For infants who are not exclusively breastfed by choice or necessity, commercial infant 

formulas are the best alternative68. According to the Federal Food, Drug, and Cosmetic Act 

(FFDCA), infant formula should be used solely as food for infants as a complete or partial 

substitute for human milk69. The majority of infant formula available in the United States is sold 

in powdered form. Caregivers mix powdered formula with water to prepare formula for infants to 

consume. While the United States Food and Drug Administration (FDA) regulates the nutrient 

content of infant formula, there may be variability in formula intake with differences in formula 

preparation by caregivers and infant feeding patterns69. 

Measuring food intake in infants can be challenging due to the constant changes in eating 

patterns and large variability in food selection. This is especially true with infants who cannot 

communicate hunger and satiety needs as easily as older children and adults. Challenges and 

inconsistencies with measuring food intake in infants include losses from spit up and movement 

during feeding70. Regarding breastfeeding, typical measurement cannot be accomplished as 

babies usually feed directly from the breast and the baby’s self-regulation determines the duration 

of feeding in most cases. Establishing accurate methods to assess food intake in infants is 

important for establishing effective feeding practices, supporting adequate growth and 

development and understanding the role of infant food intake in the development of childhood 

obesity. 

 

Measurement of Infant Food Intake 

 

There are several available methods for measurement of food intake in infants (Table 3). 

Current methods for quantifying infant food intake have advantages and disadvantages, and 

differing methods can be useful in varying situations. The objective methods of measuring food 

intake in infants include the directly weighed foods method, test weighing, and the doubly labeled 
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water method. In brief, the objective methods are highly accurate but have reasonably high 

burden and cost8,9. In infants, significant error may occur with these methods from losses due to 

spit up and typical infant movement71. Subjective methods commonly referred to as self-report 

methods include estimated food diaries, twenty-four hour diet recalls, and food frequency 

questionnaires. Self-report methods for quantifying food intake are relatively simple to execute, 

but, with the care of infants, rely on an caregiver’s memory for identifying food intake and 

portion estimation7. 

 

Table 3: Summary of Methods Used in Quantifying Infant Food Intake 

 Accuracy Burden Cost Dissemination 

Directly Weighed Foods
9
 High High Medium Low 

Test Weighing
18,72

 High High Medium Low 

Doubly Labeled Water
73

 High Medium High Low 

Estimated Food Diary
20

 Medium High Medium Medium 

24 Hour Diet Recall
14

 Low Low Medium Medium 

Food Frequency 

Questionnaire
16,74,75

 

Low Low Low High 

 
 

Objective Methods 

 

Directly Weighed Foods 

 

Regarded as one of the most accurate methods for measuring food intake9,16, the directly 

weighed foods method is a reference method of measuring food intake that does not depend on 

memory and is easy to apply to infants of varying ages16. As the name suggests, the directly 

weighed foods method involves weighing all food items before and after consumption. Weights 

of food provision and plate waste are recorded so that food intake can be calculated by 

subtracting the weight of plate waste from food provision19. Ideally, scales that are accurate to 

one gram are utilized in the directly weighed foods method20,74. Descriptions of food items or 

foods not consumed may be necessary to maintain accurate estimation16. Other strengths include 

that the method is non-invasive and relatively inexpensive as compared to the doubly labeled 

water method. Conversely, the directly weighed foods method is also considered time consuming 

and burdensome to weigh individual food items and plate waste9. While the directly weighed 

foods method accurately assesses current consumption, it may underestimate habitual 

consumption as individuals being asked to weigh food for assessment of food intake may 

influence usual food intake behavior and alter what and how much food is being consumed14. 
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When assessing infant formula intake, the procedure involves weighing the dry formula, 

the liquid formula (after mixing with water), and the formula waste20. Infant formula bottles can 

be weighed directly using this method so actual intake can be assessed, but there may be minor 

overestimation due to losses from spit up, spillage during feeding, or drool72. 

In a comparison of methods to assess infant food intake, Fisher and colleagues 

determined that the directly weighed foods method estimated energy intake as 740 ± 154 kcals, 

which was within 5% of estimated energy requirements14,42. The directly weighed foods method 

is, therefore, often used as the validation standard for assessing food intake in infants. Examples 

include Borschel and colleagues17 who compared test weighing and Butte et al76 who compared 

the doubly labeled water method to the directly weighed foods method in infants17,76, 

respectively. 

 

Test Weighing 

 

Test weighing is an effective method developed to quantify milk intake in both breastfed 

and formula fed infants, and it can be used in both clinical practice and research18,70. Test 

weighing has been shown to be the best method for assessing energy intake in breastfed 

infants17,71,72. Although less common, test weighing can also be utilized in measuring intake in 

formula fed infants, but measurement of infant formula intake can be more directly obtained 

through the directly weighed foods method17. 

The procedure for test weighing involves weighing the infant before and after an 

observed feeding with the difference in body weight approximating food intake17,71,72. Test 

weighing can be an advantageous method of quantifying energy intake because it is simple to 

perform and can be utilized in clinical research, clinical practice, and home settings18,72. A 

principal strength of the test weighing method is that it can be applied to infants who are 

exclusively breastfed, as it does not disturb normal feeding practices72. One weakness of test 

weighing is that there may be difficulty in detecting small differences in body weight, especially 

in young infants when the volume of milk consumed is also small18,71,77. Previous studies have 

emphasized the importance of using a scale with sufficient accuracy to detect small weight 

changes as small as one gram71,78. In addition, insensible water losses due to inconsistency with 

clothing changes, evaporation from the skin79, losses from spit up, and infant movement can be 

weaknesses to test weighing. It has been estimated that insensible water losses during infant 

feeding approximate 3% of food intake17,80. Haase and colleagues have shown that the best way to 

account for insensible water losses and infant movement is by tightly swaddling infants and 
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standardizing clothing71. Previous studies state that test weighing can be an accurate method for 

clinical research if measurements are consistent, electronic scales are used, movement is limited, 

and losses are accounted for18,71. These studies emphasize the importance of consistency with 

scales, tightly swaddling infants before weighing, and including diapers and blankets for both 

before feeding and after feeding weights18,71. 

Several studies have investigated the accuracy of the test weighing method against the 

directly weighed foods method. First, Borschel and colleagues compared the accuracy of the two 

methods in infants from birth to six months of age who were being formula fed17. The volume of 

infant formula intake from test weighing (Range 737-847 mL/day) did not differ significantly 

from the infant formula intake volume measured from the directly weighed foods method (Range 

861-929 mL/day). Test weighing underestimated the directly weighed foods method by 10% in 

infants aged one month, 13% in infants aged two months, 9% in infants aged four months, and 

7% in infants aged six months17. The overall mean difference in formula intake between the two 

methods was 16 ± 2 mL per feeding or an average underestimation of the test weighing method as 

compared to directly weighed foods17. In addition, Meier et al studied test weighing against the 

directly weighed foods method. Test weighing on infants was completed using mechanical and 

electronic scales, and the formula provided to the infants was directly measured as the reference 

standard. As compared with the directly weighed foods method (33.1 mL/feeding), test weighing 

using a mechanical scale (35.6 mL/feeding) overestimated food intake by 8%, and test weighing 

using an electronic scale (33.4 mL/feeding) overestimated food intake by only 1%18,72. Savenije 

and Brand argue that infant scales may not be sensitive enough to determine the small changes in 

infant weights after feeding77. Although there has been conflicting reports on the level of 

accuracy of the test weighing method against validation standards, the majority of evidence 

supports the use of test weighing as an accurate assessment method when procedures are 

standardized, infants are tightly swaddled, and sensitive scales are used for detection18,71. 

 

Doubly Labeled Water 

 

The doubly labeled water (DLW) method is considered the gold standard for measuring 

energy requirements in free-living weight-stable individuals7, and it has been applied to both 

formula fed and breastfed infants46. For infants, the DLW method can be used to measure total 

energy expenditure, milk intake, total energy intake, and energy content of milk. DLW is a non-

invasive and safe method of estimating total energy expenditure in free-living individuals 

including infants73. The use of DLW in infants for measurement of energy expenditure has been 
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validated against indirect calorimetry in infants81. Indirect calorimetry for infants requires the 

infants to be placed into a hospital head box in a room drawing air at a known constant rate. This 

can be burdensome for infants who may be fussy from being alone or away from their parents for 

long periods of time81. In addition, indirect calorimetry cannot be considered a free-living 

measurement. 

 

 

Figure 1: Schematic of the Doubly Labeled Water Method 
 

The general procedure of the DLW method (Figure 1) in infants is that two isotopes of 

water (H2
18O and 2H2O or 3H2O) are administered to the infant and the disappearance rates of the 

isotopes are monitored in the saliva or urine. As shown in Figure 1, the disappearance rate of 

2H2O or 3H2O provides water output and the disappearance rate of H2
18O provides water output 

and carbon dioxide (CO2) production. The difference of the two disappearance rates provides CO2 

production. The measure of CO2 production, in addition to the respiratory quotient for the specific 

individual, provides total energy expenditure73,81. Typically, an infant is weighed prior to the 

DLW procedure and the isotope doses given are relative to body weight. Doses are prepared and 

administered to the infant using bottles, syringes, or feeding tubes82. After dose administration, 

urine or saliva samples are collected periodically from the infant to determine the disappearance 

rates of the two isotopes. Previous studies vary in the length of sample collection from five to 

fourteen days81. In energy balance, the DLW method provides energy expenditure, which is equal 

to energy intake7.  

Roberts et al compared the DLW method to indirect calorimetry for preterm infants 

between six and seven months of age. DLW and indirect calorimetry were performed for five 

days on the infant participants. The DLW significantly overestimated water intake by 5.7±1.4% 
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(P<0.05) in comparison to indirect calorimetry, but values for CO2 production, energy 

expenditure and metabolizable energy were not significantly different from the values using 

indirect calorimetry81. Butte and colleagues compared the DLW method to other validation 

standards—the directly weighed foods method in formula fed infants and the test weighing 

method in breastfed infants. For the DLW procedure, infants were dosed on day one of the 

experiment using a pre-weighed syringe, and urine samples were collected daily for fourteen 

days. Results showed that DLW overestimated intake by an average of 14% in breastfed infants 

as compared to intake measured using the test weighing method and 8% in formula fed infants as 

compared to the intake measured using the directly weighed foods method. After adjusting 

estimates from breastfed infants for environmental water influx and insensible water loss, the 

relative bias decreased to 5%, and after adjustment for environmental water influx for formula fed 

infants, the relative bias decreased to 1-2%76. Davies et al compared the DLW method to directly 

weighed foods in preschool age children from one to five years. Urine samples were collected for 

ten days after DLW dosing, and parents or caregivers of children completed the directly weighed 

foods method for assessing food intake for five days within the DLW sample collection period.  

In the subgroup of children under two and one-half years of age, DLW underestimated energy 

intake by 6%19. Lanigan further studied the comparison of the DLW method and the directly 

weighed foods method in infants aged six to twelve months. Doubly labeled water with seven day 

urine sample collection underestimated mean energy intake by 7.3% as compared to directly 

weighed foods records20. Obvious limitations of the DLW technique include cost of the isotopes 

and analysis, moderate subject burden, difficultly of obtaining urine and saliva samples, and 

technical availability of mass spectrometry instrumentation. These disadvantages lessen the 

likelihood for widespread scalability of this method beyond clinical research settings7,8. 

 

Subjective Methods 

 

Estimated Food Diary 

 

The estimated food diary method is a popular self-report method of food and nutrient 

assessment7. The food diary procedure for estimating food intake requires the individual to record 

details of each food and drink consumed for a specified time period to predict typical intake. This 

is usually done using pen and paper, and researchers and clinicians may opt to provide a food 

diary template to improve data quality20. Individuals are instructed to record the date, time, all 

foods and drinks consumed, the amounts of food and beverages provided, and the amounts of 
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food and beverages not consumed20. In addition, portion sizes, recipes, individual ingredients, and 

preparation instructions should be included for completeness20. 

The estimated food diary has been compared to the directly weighed foods method, and it 

is commonly used as a simple and inexpensive alternative to the directly weighed foods method20. 

Portion size estimation is crucial in this assessment method, and it represents a major weakness of 

estimated food diaries, as most individuals cannot accurately estimate portion sizes7. Another 

weakness is that there is potential for the use of estimated food diaries to cause under eating 

during the test time period21. Missing data may also occur when using this method as estimated 

food diaries are usually kept for several days21. Strengths of this method include that there is no 

reliance on patient memory83 and that estimated food diaries may be representative of habitual 

food intake20. 

Lanigan et al studied the possibility of the estimated food diary records as an alternative 

for directly weighed foods records. In this study, dietitians trained parents and caregivers on using 

the food diary method including portion size estimation using standard household measures as 

tools20. Estimated food diaries underestimated food intake by 3.6% (mean bias of 138 kJ/day) 

compared to the directly weighed foods method20. In this study, there was no significant 

difference between mean energy intake from estimated food diaries and the directly weighed 

foods method20. Lanigan and colleagues support the use of estimated food diaries as an accurate 

alternative to the directly weighed foods method20. 

 

Twenty-Four Hour Diet Recall 

 

The twenty-four hour diet recall represents another self-report method7 that is typically 

used on a large scale, and its accuracy is not well documented14. Twenty-four hour diet recalls are 

used to report food and beverage consumption in the previous twenty-four hours83. Typically, a 

trained individual interviews the patient in person or through a telephone interview14. It relies on 

the participant to accurately estimate portion sizes and recall foods and drinks consumed and 

amounts consumed7. 

Strengths include ease of use, low participant burden, and low cost14. Weaknesses are that 

the twenty-four hour diet recall method relies on participant memory and portion estimation83, 

and the method is usually not representative of habitual dietary patterns since only the previous 

twenty-four hours are reported14. Portion size estimation has been shown to be a significant 

source of error in twenty-four hour diet recalls14. In addition, individuals may forget to include 
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sauces, condiments, drinks, and snacks between meals, which may cause misreporting of food 

intake83.  

Fisher et al examined the use of a telephone administered multiple pass twenty-four hour 

recall against a three day directly weighed foods record14. In this study, trained study dietitians 

performed twenty-four hour diet recalls by telephone to assess infant food intake. The twenty-

four hour diet recall method overestimated energy intake by 13% among the infants aged seven to 

eleven months as compared to the directly weighed foods method14. 

 

Food Frequency Questionnaire 

 

The food frequency questionnaire is a commonly used self-report method of assessing 

energy and nutrient intake74,75. It has been shown to be the most appropriate method for assessing 

intake in large groups, including population-based investigation16,74. Food frequency 

questionnaires typically consist of questions examining the individual’s diet quality and 

quantity83. Questions and foods included in food frequency questionnaires can vary based on the 

population being studied74 Factors that should be considered when developing food frequency 

questionnaires include age, ethnicity, culture, and the intent of the study or investigation84. 

General food frequency questionnaires include lists of foods and beverages, and individuals are 

asked to indicate the frequency of consumption of those foods and beverages listed83. Food 

frequency questionnaires can be distributed and completed in various outlets—they can be mailed 

to individuals for completion16, completed by individuals in person, or completed through 

interviews with trained personnel74,75. Strengths of this method include low cost, ease of use and 

relative dissemination to large groups16,74. Food frequency questionnaires, however, can be 

problematic, as they are usually not standardized and rely on the ability of the individual to recall 

food intake over a specified interval in the past74,75. 

Andersen and colleagues explored food frequency questionnaires in assessing energy 

intake in infants aged twelve months16. Individuals were provided with a booklet with 

photographs to help with portion size estimation. Food frequency questionnaires overestimated 

energy intake by 25% as compared to directly weighed foods16. Marriott and colleagues 

investigated the use of interview administered food frequency questionnaires as compared to four 

day directly weighed foods records to assess energy intake in infants at six months and at twelve 

months of age74,75. In these studies, trained personnel completed interview administered food 

frequency questionnaires to parents and caregivers of children enrolled in the study. In infants 

aged six months, the food frequency questionnaire (Mean=3329 kJ) overestimated energy intake 
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by 6.2% compared to the directly weighed foods method (Mean= 2968 kJ). Throughout the 

interview, individuals were asked to describe portion sizes using household measures and food 

models75. In this study, the relatively small error of the food frequency questionnaire as compared 

to the directly weighed foods may be explained because it was administered by interview rather 

than directly completed by the parents or caregivers75. Food frequency questionnaires have been 

shown to overestimate energy and specific nutrient intake, but they are useful in estimating 

average energy intake and dietary patterns on a population level16. 

 

Remote Food Photography Method 

 

Overview 

 

Methods for quantifying food intake by self-report or weighing have several 

disadvantages that have directed researchers to develop alternative techniques with lower levels 

of burden without sacrificing accuracy9. Methods reliant on self-report have the largest magnitude 

of error resulting from the inability of individuals to accurately estimate portion size even after 

portion estimation training7,85. Methods reliant on direct weighing of foods or infants are 

extremely burdensome and therefore have a high rate of attrition. Since almost half of Americans 

already own a smartphone22,86, it appears that effective food intake assessment methods may 

incorporate the use of advancing technology and smartphones9. There are several web-based 

programs and smartphone applications that allow users to enter food information to estimate 

energy and macronutrient intake. These methods still ultimately rely on self-report and the data 

are only as good as the user but are becoming increasingly popular since the need for a dietitian is 

removed. Recently, digital photography of foods has been utilized to quantify food intake in 

clinical settings. Digital photography has the advantage to improve portion size estimation in 

comparison to subjective methods9. Recent evidence suggests that adopting digital photography 

of foods into an assessment method may be a useful tool in free-living conditions7. 

The Remote Food Photography Method (RFPM), developed by investigators at 

Pennington Biomedical Research Center (PBRC), is a novel method that can estimate energy and 

nutrient intake from digital photographs captured of food provision and plate waste7,21. The 

RFPM is a semi-automated method, namely data collection (photographs), data management, and 

energy and nutrient analysis are automated with human oversight and portion estimation that 

requires input from a trained dietary professional22. The RFPM requires an individual to take 

photographs of both food provision (before meal photographs) and plate waste (after meal 
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photographs)7 using the camera-enabled smartphone application, SmartIntake©, also developed at 

PBRC21,22. Photographs are then transmitted in near real-time over the wireless network to a web-

portal application where they are stored and later analyzed in the Food Photography 

Application© (PBRC, Baton Rouge, Louisiana, United States)21. The stored photographs are 

compared to standard food portions and linked to the foods’ nutrient information in order to 

obtain food gram weights, macronutrient content, and micronutrient content7,9,21. 

The RFPM can be used to assess energy and macronutrient intake of a single meal, meals 

eaten over a twenty-four hour period, or a five to ten day period to represent typical intake. An 

important and unique feature of SmartIntake© are the message prompts. Ecological momentary 

assessment (EMA) message prompts have been developed to increase accuracy and data quality 

when using the RFPM for food intake assessment on multiple days7,21. For example, EMA 

message prompts are sent to individuals at personalized meal times to remind them to capture 

images of food selection and plate waste21. Example prompts include: “Can you remember to take 

before and after pictures of your lunch and send them to us?” and “Did you eat or drink anything 

today and forget to take a picture?”21. The use of these EMA message prompts may minimize 

poor and missing photographs21. There are several advantages of the RFPM as compared to 

subjective methods including reduced patient burden and the elimination of the need for patients 

to estimate portion size22. Another strength of the RFPM is that the use of EMA message prompts 

helps to minimize missing data and to promote data quality21. The RFPM has the potential to be a 

useful tool for assessing food intake beyond clinical research settings and into clinical settings21. 

 

SmartIntake© Application 

 

The SmartIntake© (Figure 2) application is available for users with iPhone and Android 

smartphones allowing individuals to use their own smartphones for RFPM data collection and 

communication with analyzers22. The “easy to use” SmartIntake© application allows individuals 

to capture before and after photographs of their food and to transmit the photographs for 

analysis21,22. Individuals are instructed to arrange their food so that all food items are visible and 

to include a black and white reference card used for sizing vertically in all photographs22. Before 

food consumption, individuals are asked to capture the “Before Meal” photograph. The 

SmartIntake© application requires that individuals identify the foods in one of three ways: 1) 

automatically using bar code scanning, 2) entering a price look up (PLU) codes or 3) adding a 

voice or text message for food description22. The photograph and any included descriptions are 

emailed almost immediately via the smartphone through the wireless network to Food 
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Photography Application©. Individuals enjoy their meal, and then after fifteen minutes have 

lapsed, an EMA message prompt is received on the smartphone via text messaging prompting the 

individual to take a second set of photographs of the plate or food container at the end of the 

meal. Following the capturing of the “After Meal” photographs, the “After Meal” photographs 

are emailed through the wireless network to the Food Photography Application©. All 

photographs from the test period are transmitted to the web-portal application for storage and 

analysis. 

 

 

Figure 2: SmartIntake© Application Home Screen 
 

Food Photography Application© 

 

The Food Photography Application© (Figure 3) is a web-portal application responsible 

for data storage, management, and analysis21,22. Using the digital photography of foods 

procedures for photo analysis discussed previously9, analyzers can estimate photographs for 

energy and nutrient intake21. Standard food portion photographs are housed in the standards 

database, which provides a standard portion photograph for portion size estimation and a match to 

nutritional information obtained from the USDA food database, the manufacturer’s information, 

or a custom recipe21,22. Photo analysis requires that USDA codes87 for all foods in the photograph 

be identified as well as the standard photographs and respective serving sizes. Analysis is 

achieved by the analyzer who provides a ratio of the food portion in the test photograph to the 

standard food portion21,22. The analyzer opens the test photograph and the appropriate standard 
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photograph and decides the proportion of the test photograph as compared to the standard 

photograph to estimate the portion size (Figure 3)7,9. For example, if the test food provision 

photograph is 1.5 times as large as the standard photograph, the analyzer will input 1.5 as the 

taken ratio. Then, the analyzer reviews the test plate waste photograph. If the test plate waste 

photograph is 0.5 times the size of the standard photograph, the analyzer will input 0.5 as the 

returned ratio. The returned ratio can be subtracted from the taken ratio to provide the consumed 

ratio. The taken, returned, and consumed ratios are automatically calculated and exported by the 

Food Photography Application© to provide energy and nutrient information for food intake 

described in the photographs. Nutrient information gathered from the Food Photography 

Application© includes gram weights of the food consumed, kilocalories of the food consumed, 

and gram weights of macronutrients and micronutrients7,22. 

 

 

Figure 3: Food Photography Application© Data Estimation 
 

Validation Studies 

 

The digital photography of foods method was the foundation of the portion estimation 

technology used to assess energy intake in the RFPM9. It was validated against directly weighed 
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foods and was shown to overestimate portion sizes in food selection, plate waste, and food intake 

as compared to the directly weighed foods method9. Figure 4 shows that correlations between 

digital photography and directly weighed foods for food selection, plate waste, and food intake 

were high (Range 0.82 to 0.96) for various food types with the exception of condiments (0.63 for 

food selection, 0.52 for plate waste, and 0.60 for food intake)9. A plausible explanation for the 

difference between digital photography and directly weighed foods for condiments may be that 

weights of condiments are too small for accurate estimation by a human analyzer9. 

 

 

Figure 4: Correlations of estimates of food weights by digital photography with known food 
weights (Reprinted from Williamson et al 2003) 
 

Martin and colleagues completed a series of pilot studies to further develop and 

investigate the uses of the RFPM. The purpose of the first pilot study7 was to see if trained 

analyzers could estimate energy intake from photographs of food provision and plate waste using 

standard portion photographs. Study procedures consisted of taking photographs of simulated 

food provision and plate waste in the laboratory and completing directly weighed foods and 

digital photography. An average underestimation of 8.2% of digital photography as compared to 

directly weighed foods demonstrated that trained analyzers could adequately estimate energy 

intake using the digital photography of foods method7. The second pilot study7 tested if free-

living individuals could capture photographs of their food provision and plate waste for several 

days with trained analyzers using the digital photography of foods similarly to the first pilot 

study. In addition to capturing photographs, individuals were asked to identify any obstacles to 

collecting photographs. Conclusions from the second pilot study were that individuals forgot to 

take photographs occasionally and that review and analysis of photographs could not be 

completed immediately7. Martin and colleagues further developed the RFPM through a validation 

study against directly weighed foods. In this validation study, foods were prepared in a controlled 

laboratory and provided to individuals participating in the study. Individuals were instructed to 



25 

 

consume the provided study food items and return waste. Results from analysis of the RFPM in 

free-living conditions show that RFPM underestimated energy intake by 6.6%7. 

The RFPM was further investigated using the conclusions and implications from earlier 

studies. Researchers tested the use of EMA message prompts in the RFPM and the accuracy of 

the RFPM to estimate energy intake as compared to the DLW. Individuals in the study used 

smartphones to capture food provision and plate waste photographs over six days in free-living 

conditions21. Study participants received standard or personalized EMA message prompts to 

remind them to capture photographs. Shown in Figure 5, RFPM with standard EMA message 

prompts differed significantly from DLW (-895 ± 770 kcal/day, P<0.0001), and RFPM with 

personalized EMA message prompts did not differ significantly from DLW (-270 ± 748 kcal/day, 

P=0.22). Moving forward, personalized EMA message prompts were incorporated into the 

RFPM. The improved RFPM was found to underestimate energy intake by only 3.7% (-152 ± 694 

kcal/day, P=0.16) in free-living individuals as compared to DLW (Figure 5)21. 

 

 

Figure 5: Comparison of energy and nutrient intake estimates by RFPM and the gold standards—
energy intake measured by doubly labeled water and laboratory-based buffet meals (Reprinted 
from Martin et al 2012) 
 

The RFPM has also been investigated in preschool age children. Mothers of preschool age 

children were trained to use the RFPM to capture photographs of their preschool age children’s 
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foods. Study team members weighed the foods and captured photographs of the foods that the 

preschool age children consumed in Head Start on the same days. As shown in Figure 6, the mean 

difference in grams of RFPM as compared to directly weighed foods was 8.8g in food provision, -

1.1g in plate waste, and 9.9g in food intake22. These findings showed that the RFPM detects small 

gram differences, which may be instrumental in using the RFPM in the infant population. 

 

Figure 6: Mean Gram Difference of RFPM and Directly Weighed Foods in Food Provision, Plate 
Waste, and Food Intake of Pre-school Children (Reprinted from Martin et al 2013) 
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CHAPTER 3: MATERIALS AND METHODS 
 
Human Subjects Protection 

 

The Baby Bottle study was approved by the PBRC Institutional Review Board 

(FWA#00006218) on September 26, 2012 (PBRC IRB 12035) and was registered as a clinical 

trial (NCT01762631) on the United States National Institutes of Health website, 

www.clinicaltrials.gov. The Baby Bottle protocol, informed consent (Appendix B), and HIPAA 

authorization (Appendix C) were initially approved by the PBRC IRB on September 26, 2012. An 

amended Baby Bottle protocol (Appendix A) was approved by the PBRC IRB on November 15, 

2012. 

 

Participant Overview 

 

Inclusion criteria: 

Participants were included for participation if they were: 

• Eighteen years of age or older,  

• Willing to complete two study visits about a week apart at PBRC and 

• Willing to identify either as a caregiver or non-caregiver.  

 

For this study, a caregiver was defined as an individual who considered himself or herself 

a parent, grandparent, sibling, aunt or uncle, nanny or babysitter and who provided care to an 

infant within the last twelve months. A non-caregiver was defined as someone who had not 

provided care to an infant within the last twelve months. 

 

Exclusion criteria: 

Participants were excluded from participation if they were: 

• Less than 18 years of age,  

• Not willing to complete two study visits about a week apart at PBRC, 

• Not willing to identify either as a caregiver or non-caregiver, 

• Failure to contact, or 

• Failure to report to scheduled study visit. 
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Participant Recruitment 

 

Interested individuals were recruited and screened through the PBRC Recruitment Core. 

Individuals were invited to initiate their interest through the PBRC clinical trials website, via 

advertisements and targeted emails directed to employees within PBRC and residents of the 

Greater Baton Rouge area. Interested individuals completed an online eligibility survey hosted on 

the PBRC clinical trials website. Once completed, online eligibility survey results were 

transmitted to PBRC Recruitment Core staff for initial screening where participant information 

including name, address, and date of birth was confirmed and a unique subject identification 

number was issued. After initial screening was completed, potential volunteers were referred to 

the Reproductive Endocrinology and Women’s Health laboratory for study specific screening by 

the study coordinator. Individuals who satisfied the eligibility criteria were invited to complete 

the first of two study visits. The Baby Bottle Consort diagram (Figure 7) shows the throughput of 

study participants in the Baby Bottle study.  

 

 
 

Figure 7: Consort diagram summarizing the throughput of study participants in the Baby Bottle 
study 
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Seventy-two individuals completed the eligibility survey to provide 53 participants 

willing to participate in the study. Of the 72 individuals that initiated screening, 13 (18%) were 

excluded for failure to contact and 5 (7%) were excluded for failure to report to scheduled visit. 

One participant (1%) refused participation due to time commitment after study specific screening. 

 

Study Design 

 

The purpose of the Baby Bottle study was to determine the reliability and validity of the 

RFPM to assess food intake in formula fed infants. The study was comprised of telephone 

screening and completion of two study visits at PBRC. After signing the Baby Bottle informed 

consent prior to the start of Visit 1, participants completed two study visits separated by five to 

ten days. A schematic of the study procedures is summarized in Table 4. 

 

Table 4: Schedule of Procedures 

 Screening Testing 

 Telephone  Visit 1 Visit 2 

Eligibility Evaluation X   

Informed Consent and HIPAA  X  

Anthropometry  (Height/Weight)  X  

Baby Bottle Questionnaire  X  

RFPM Training  X  

Infant Formula Preparation   X X 

RFPM Testing   X X 

Directly Weighed Foods Method  X X 

 
 

Telephone Screening 

 

Following initial screening of potential volunteers by the PBRC Recruitment Core, study 

specific telephone screening was completed in the Reproductive Endocrinology and Women’s 

Health laboratory by the study coordinator. Potential participants were called for study 

explanation, and they were invited to participate in the Baby Bottle study. The study coordinator 

provided an overview of the purpose of the Baby Bottle study, explanation of participant 

involvement as well as a review of the eligibility criteria.  Interested individuals who met 

eligibility criteria were scheduled for Visit 1 at the conclusion of the telephone screening 

interview. 
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Visit 1 

 

Participants completed all Visit 1 procedures at the PBRC Outpatient Clinic and PBRC 

Ingestive Behavior Laboratory. Visit 1 was a one-on-one visit between the participant and the 

study coordinator. This was a non-fasting visit. Upon arrival, participants were provided the 

informed consent form (Appendix B) and HIPAA authorization (Appendix C) to read and review 

at their own pace. After all questions and concerns were addressed and prior to study procedures 

being conducted, interested participants provided informed consent. Non-fasting body weight and 

height were measured in the PBRC Outpatient Clinic, and body mass index (BMI) was 

calculated. Participants were asked about concurrent medications in line with standard PBRC 

practices, which were documented on the PBRC Concurrent Medication Datasheet (Appendix G). 

Participants were asked to complete the Baby Bottle questionnaire developed specifically for this 

study to ascertain the caregiver status of each subject (Appendix D). Participants were then led to 

the PBRC Ingestive Behavior Laboratory to complete the remainder of the visit. 

Participants completed RFPM training to learn how to capture photos and how to send 

photos to the study coordinator using the SmartIntake© iPhone application. Each participant 

prepared bottles of infant formula, in a provided random order, to provide final volumes of 2, 4, 6 

and 8 fluid ounces. The procedure included completion of two sets of infant formula preparation; 

hence, a total of eight bottles were prepared. At this visit, data for each formula preparation was 

collected using both the RFPM and the directly weighed foods method. Directly measured 

weights were documented by the study coordinator using the Visit 1 Directly Weighed Foods 

Datasheet (Appendix E). At the conclusion of Visit 1, participants scheduled Visit 2 for 

approximately five to ten days later. 

 

Visit 2 

 

Participants returned to the PBRC Ingestive Behavior Laboratory approximately five to 

ten days after Visit 1 to complete Visit 2. At this visit, participants were instructed to repeat the 

infant formula preparations according to Visit 1 instructions, though they prepared only one bottle 

of 2, 4, 6, and 8 fluid ounces of infant formula. Each participant prepared the bottles, in a random 

order, providing 2, 4, 6, and 8 fluid ounces of infant formula. All infant formula preparation and 

photo capturing procedures were identical to the Visit 1 procedures. Data for each formula 

preparation was collected using both the RFPM and the directly weighed foods method. Directly 
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measured weights were documented by the study coordinator using the Visit 1 Directly Weighed 

Foods Datasheet (Appendix E). 

 

Participant Compensation 

 

After completion of the Baby Bottle study by each participant, the study coordinator 

requested study compensation of $20 for the participant through Louisiana State University 

according to PBRC standard procedures. Participants were notified when study compensation 

arrived at PBRC, and study compensation was either picked up by participants or mailed directly 

to the participants. 

 

Description of Study Procedures 

 

Informed Consenting 

 

The Baby Bottle informed consent form outlined the purpose of the study, what would 

occur throughout the course of the study, the risks and benefits of the research, and that 

participation was voluntary. Informed consent was obtained following PBRC standard procedures 

prior to the start of Visit 1. Participants were also given the Baby Bottle HIPAA authorization, 

which is an extension of informed consenting. The HIPAA authorization outlines that all personal 

information is kept confidential and secure, and that all published data is de-identified. 

Participants were given the Baby Bottle informed consent form and HIPAA authorization to read 

and review with ample time. In some cases, the informed consent form and HIPAA authorization 

were emailed to participants prior to Visit 1. All questions were answered, and participants 

verbalized understanding of study procedures prior to signing the informed consent. Each 

participant signed the informed consent form and HIPAA authorization, and signed copies were 

provided to participants. 

 

Anthropometrics 

 

Non-fasting body weight and height were measured in duplicate at Visit 1 on all 

participants according to PBRC standard procedures to calculate BMI values. Non-fasting body 

weight was measured in light clothing to the nearest 0.1 kg on a calibrated scale (GSE, Livonia, 

Michigan, United States).  Height was measured using a stadiometer (Holtain Limited, Crymych, 
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United Kingdom) without shoes to the nearest 0.1 cm. The anthropometric measurements were 

documented by the study coordinator on the PBRC Anthropometric Datasheet (Appendix H) and 

entered into the PBRC clinical database. 

 

Body Mass Index 

 

Body mass index was calculated using the recorded height and non-fasting body weight 

at Visit 1 according to PBRC standard procedures. BMI classified each participant as either 

underweight (BMI < 18.5 kg/m2), normal weight (BMI 18.5-24.9 kg/m2), overweight (BMI 25.0-

29.9 kg/m2), or obese (BMI ≥ 30 kg/m2)88. BMI was calculated and documented by the study 

coordinator on the PBRC Anthropometric Datasheet (Appendix H) and entered into the PBRC 

clinical database. 

 

Chart Reporting 

 

Each participant’s study documents were maintained in a study chart. All study 

documents (checklists, source documents, questionnaires, etc.) were reviewed prior to the end of 

each visit. Written documentation was completed following standard PBRC chart reporting 

procedures. Study charts were secured in PBRC Medical Records at all times with the exception 

of study visits. Throughout the study and when participants completed participation, charts were 

reviewed for incomplete and inconsistent data. 

 

Study-Specific Questionnaire 

 

The Baby Bottle Questionnaire (Appendix D) was provided to participants to collect 

information on demographics and caregiver status. The questionnaire included demographic 

questions regarding age, gender, race, smoking history, education, household income, and 

employment status. Caregiver status questions included if the participant was a parent or 

guardian, if the participant had children and their ages, if the participant had cared for an infant 

within the last year, and if the participant had prepared an infant formula bottle within the last 

year. The participant’s classification as a non-caregiver or caregiver was determined through self- 

report from his or her answer to Question 5 on the Baby Bottle Questionnaire. 
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Infant Formula Preparation 

 

Given the expense associated with preparing the 636 bottles of infant formula required 

for this study, whole dry milk was used as a cost effective substitute for commercial powdered 

infant formula. The whole dry milk powder was transferred to a commercially available, Similac 

Advance (Abbott Laboratories, Abbott Park, Illinois, United States) infant formula container. 

Participants were instructed to prepare the infant formula according to the instructions on the 

container using the provided infant formula scoop. Similac Advance instructions (Figure 8) state: 

one unpacked level scoop of powdered formula (8.7g) yields a 2 fluid ounce bottle of infant 

formula, two unpacked level scoops of powdered formula (17.4g) yield a 4 fluid ounce bottle, 

three unpacked level scoops of powdered formula (26.1g) yield a 6 fluid ounce bottle, and four 

unpacked level scoops of powdered formula (34.8g) yield an 8 fluid ounce bottle. 

 
Figure 8: Similac Advance Mixing Guide (Located on Infant Formula Container) 

 

To improve infant formula preparation, an RFPM infant formula standard card was 

developed prior to the initiation of study procedures. Since powdered dry formula is the source of 

kilocalories of prepared infant formula, it is crucial to estimate dry food provision accurately. The 

RFPM infant formula standard card (Figure 9) has a space for 1, 2, 3, and 4 scoops of powdered 

dry formula on the front, and the back of the card includes a space for 0.5, 1.5, 2.5, and 3.5 

scoops of powdered dry formula. By placing the infant formula bottle on the space with the 

appropriate number of scoops, the individual can report the number of scoops of powdered dry 

formula contained in the prepared infant formula bottle. In analysis of the infant formula 

photographs, the analyzer has an advantage of using the reported number of scoops in estimation. 

This will increase the chance of adequate approximation of caloric content. 
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Figure 9: RFPM Infant Formula Standard Card 

 

Prior to beginning the first bottle preparation, participants were trained on the order in 

which to complete each step of infant formula preparation and photo capturing. Participants were 

trained on how to capture and send photos using the SmartIntake© iPhone application. The 

manner in which participants were to prepare infant formula was not demonstrated during 

training to maintain ecological validity and generalizability of the results. Participants were 

encouraged to read the instructions for infant formula preparation provided by the manufacturer 

on the infant formula container. This allowed participants to interpret instructions and prepare the 

infant formula bottles similarly to how they would prepare the bottles in a free-living situation. 

For the RFPM and directly weighed foods method, study procedures required a 

commercially available infant formula container, empty infant formula bottles, an iPhone with the 

SmartIntake© application, and the two RFPM standard cards. For each bottle preparation, the 

participant used the formula scoop provided to measure the required amount of powdered formula 

necessary to prepare the designated serving size.  The participant dispensed the designated 

number of scoops of powdered formula into the formula bottle. After the powdered formula was 

dispensed into the clear formula bottle, the participant captured a photo of the formula bottle. 

This was referred to as dry food provision in the RFPM. The formula bottle containing the 

powdered formula was then weighed on a scale by the study coordinator and the weight was 

recorded.  Weights (to the nearest 0.1 g) were measured using a Mettler Toledo PB3001 scale 

(Columbus, Ohio, United States). The participant was then instructed to add the desired amount 

of water to the bottle and mix the contents by vigorous shaking. Using the SmartIntake© 

application, the participant captured a photo of the prepared formula bottle.  This was called 

liquid food provision in the RFPM. The prepared formula bottle was weighed on the scale by the 

study coordinator, and the weight was recorded. 

To simulate infant food intake, the study coordinator discarded a predetermined portion 

of the prepared formula and the remaining formula bottle was weighed. The volume of formula 
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discarded was determined randomly between 25-100% according to a Gaussian distribution and a 

random number generator (Mean=0.80, SD=0.20). Using the SmartIntake© application, the 

participant captured a photo of the formula bottle after the designated random portion of the 

prepared formula had been discarded. This was referred to as liquid waste. The amount of infant 

formula remaining as waste was not disclosed to participants. The captured photos from the 

SmartIntake© application were used to determine if the RFPM accurately estimated simulated 

infant food intake, which was calculated as food provision minus waste. 

Demonstration of capturing photos using the RFPM and the directly weighed foods 

method is illustrated in Figure 10. Figure 10A shows the dry food provision photo taken by the 

participant using the SmartIntake© application. After the participant captured the dry food 

provision photograph, the study coordinator used the directly weighed foods method to weigh the 

dry food provision (Figure 10B). The bottle was returned to the participant to prepare the infant 

formula and Figure 10C is the liquid food provision photograph taken by the participant. After the 

participant captured the liquid food provision photograph, the study coordinator weighed liquid 

food provision as shown in Figure 10D. The prepared formula bottle was weighed again after 

discarding the appropriate random amount to represent the bottle waste (Figure 10E). Figure 10F 

shows the waste photo taken by the participant using the SmartIntake© application. 

 

Figure 10: Demonstration of the RFPM and the Directly Weighed Foods method 
 

A. Participant Photo 1 
 

 

B. Weighed Bottle with 
powdered formula only 

 

C. Participant Photo 2 
 

 

D. Weighed Bottle with 
prepared formula 

 

 

E. Weighed bottle after 
discarding random 
amount 

 

F. Participant Photo 3 
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Statistical Considerations 

 

The primary aim of the Baby Bottle study was to assess if the RFPM can accurately 

estimate simulated food intake compared to the gold standard, the directly weighed foods method. 

Power calculations and sample size estimates were performed on the main outcome variable, 

simulated food intake. Two measures of food provision were obtained: dry food provision 

(powdered formula) and liquid food provision (prepared formula), the latter is created by adding 

water to the powdered formula. Food waste is defined as the prepared liquid formula remaining in 

a bottle after simulating feeding. The study coordinator achieved feeding simulation by 

discarding at least 25% and at most 100% of the liquid food provision. Food intake was 

calculated as food provision minus food waste. A secondary aim was to evaluate the inter- and 

intra- individual variability in infant formula preparation; hence, this study was also appropriately 

powered to detect differences in the grams of dry powdered formula in the bottle. 

 

Sample Size Estimate 

 

A power analysis was conducted for the Bland-Altman procedure89 that was used to 

determine if the RFPM significantly overestimated or underestimated food provision, food waste, 

or food intake and if the error associated with the RFPM varied over the amount of food 

provision, food waste, and food intake.  Determining if error variance differs over levels of food 

intake is critical to examining validity and accuracy. Therefore, the sample size was established 

based on the regression analysis used to do so since it required the largest number of participants. 

Power for measuring differences in food intake (liquid food provision minus liquid waste) 

between the two methods was calculated with variance estimates for intake of beverages from 

previous studies of the RFPM (Table 5)9. 

 

Table 5: Effect Size Calculations for Food Intake (Provision minus Waste) 

n per group 

Minimum detectable difference  

in formula weight (g) SD (g) 

 

Power Effect Size 

30 6.80 9.71 0.80 0.70 

40 5.83 9.71 0.80 0.60 

45 5.44 9.71 0.80 0.56 

50 5.15 9.71 0.80 0.53 

53 4.95 9.71 0.80 0.51 

55 4.86 9.71 0.80 0.50 

60 4.66 9.71 0.80 0.48 
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The power analysis indicated that an R2 of 0.14 could be detected with 53 participants 

(Power=0.80) which was considered acceptable based on studies that used Bland-Altman analysis 

on biological parameters90. Research indicates that poor measures frequently have R2 ≥ 0.16; 

therefore, a sample size of 53 participants yielded adequate statistical power in the analyses for 

the primary aim. As illustrated in Table 5, with 53 participants and the acknowledged statistical 

assumptions, there was power of 0.80 to detect a 4.95 g difference between RFPM estimates and 

directly weighed food weights of liquid food provision. 

The observed power was identified for determining the difference between the dry food 

provision between RFPM and the directly weighed foods method (Table 6). As shown in Table 6, 

with 53 subjects, a difference of 2.57g (Effect Size=0.55) could be detected. This power analysis 

relied on variance estimates for condiments from previous studies of the RFPM9, which are 

similar to infant formula. This effect size of 2.57g reflected a very small amount of dry powdered 

formula, indicating that the study was also sufficiently powered to measure differences in dry 

food provision. The proposed sample size and data analysis plan represented a viable alternative 

to equivalence tests that require large sample sizes. 

 

Table 6: Effect Size Calculations for Dry Food Provision 

n per group 

Minimum detectable difference 

in formula weight (g) SD (g) 

 

Power Effect Size 

30 3.51 4.68 0.80 0.75 

40 3.00 4.68 0.80 0.64 

45 2.81 4.68 0.80 0.60 

50 2.62 4.68 0.80 0.56 

53 2.57 4.68 0.80 0.55 

55 2.53 4.68 0.80 0.54 

60 2.39 4.68 0.80 0.51 

 

Randomization 

 

Randomization was employed for the infant formula preparation procedures, namely the 

order participants prepared different sized infant formula bottles of 2, 4, 6 and 8 fluid ounces. 

Randomization was necessary to evenly distribute a potential learned effect across preparations. 

Participants received three set assignments for the order in which the different sized infant 

formula bottles were to be prepared with an example shown in Table 7.  
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The randomization plan for discarding prepared infant formula was determined using a 

random number generator and reflected a Gaussian distribution (Mean=0.80, SD=0.20). All 

numbers over 100% that were generated were assumed to be 100%. A sample of the random 

numbers generated for discarding prepared infant formula is shown in Table 8. 

 

 
 

 

 

 

Remote Food Photography Method Analysis 

 

Food Photography Application© Training 

 

Before testing the validity of the RFPM method against the directly weighed foods 

method, the study coordinator was trained to use the Food Photography Application© analysis 

application. The Food Photography Application© is a computer program that is used to manage 

data and analyze images of foods using existing and validation visual comparison methods7,9,21. 

The study coordinator was trained by the master rater in the Food Photography Application©. 

The Food Photography Application© training procedure included three phases. Phase 1 was an 

interactive practice phase in which the master rater and the trainee rater analyzed five sample sets 

of photographs. This allowed the master rater to show the trainee rater examples and to answer 

questions throughout the practice phase. Phase 2 and Phase 3 utilized a sample size of 25 sets of 

photographs to allow for the detection of 5% error between the two raters. In Phase 2, each rater 

analyzed the photos independently. Bland-Altman regression plots and dependent t-tests were 

generated to test if the two sets of ratings were significantly different, and the intra-class 

correlation coefficient (ICC) was calculated to examine inter-rater agreement. In previous studies, 

Table 7: Example Randomization Schedule for Infant Formula Preparation 

    Bottle 1 Bottle 2 Bottle 3 Bottle 4 

Visit 1 Set 1 2 fluid oz 4 fluid oz 8 fluid oz 6 fluid oz 

  Set 2 6 fluid oz 4 fluid oz 2 fluid oz 8 fluid oz 

Visit 2 Set 3 4 fluid oz 8 fluid oz 6 fluid oz 2 fluid oz 

Table 8: Example Randomization for Discarding Prepared Infant Formula 

    Bottle 1 Bottle 2 Bottle 3 Bottle 4 

Visit 1 Set 1 100% 75% 60% 100% 

  Set 2 100% 67% 74% 80% 

Visit 2 Set 3 68% 57% 75% 64% 
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an ICC of 0.95 was considered acceptable to show inter-rater agreement7,9; hence, this criterion 

was used in this study.  Phase 2 was repeated in its entirety as Phase 3 to demonstrate an 

improvement in the accuracy of the trainee’s estimates, or a training effect. The goal of the 

training exercises was to achieve within 5% error between the trainee rater and the master rater to 

show that the trainee rater was adequately trained to analyze photographs through the Food 

Photography Application©, and that the trainee rater could analyze the Baby Bottle study 

photographs with confidence. The Food Photography Application© training procedure did not 

address the accuracy or validity of the Food Photography Application© and the RFPM in 

estimating simulated infant food intake as compared to the gold standard, the directly weighed 

foods method, as this was the purpose of the Baby Bottle study. 

 

Justification of Photograph Sets Needed to Assess Accuracy and Precision in Food Photography 

Application© Training 

 

To determine the minimum sample size (set of photographs) needed to detect a 5% 

difference between the master rater and the trainee rater, a pilot set of formula bottles were 

prepared (in random order) and used to calculate the mean and standard deviation for measured 

dry and liquid formula preparations for of 2, 4, 6, and 8 fluid ounce bottles (Table 9). The 

minimum sample size needed to detect differences between raters was determined using the mean 

and standard deviation of the measured dry formula (Table 9) for each feeding size, β=0.8, 

α=0.05, and percent error between raters of 5% to 10%. Sample size estimates for each bottle 

preparation are summarized in Table 10.  The minimum sample size (set of photographs) needed 

to detect a 5% difference between raters for a 2 fluid ounce preparation of infant formula was 21 

(Table 10). A sample size of at least 21 dry photos allowed for a 5% error to be detected between 

the trainee rater and the master rater. Hence, the following sets of photographs were used to 

quantify inter-rater agreement: 25 preparations of dry formula photographs, 25 preparations of 

liquid formula photographs, and 25 preparations of liquid waste photographs. 

 

Table 9: Mean and Standard Deviation for Measurement of Dry Formula 

Bottle Size 

(oz) 

Dry Weight 

(g) 

Wet Weight 

(g) 

Dry Mean 

(g) 

Dry SD 

(g) 

Wet Mean 

(g) Wet SD (g) 

2 8.1 65.8     

2 9.6 68.2 

2 9.3 65.1 

2 8.6 67 

2 9.9 68 9.1 0.738 66.8 1.354 
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Table 9 Continued: Mean and Standard Deviation for Measurement of Dry Formula 
 

Bottle Size 

(oz) 
Dry Weight 

(g) 
Wet Weight 

(g) 
Dry Mean 

(g) 
Dry SD 

(g) 
Wet Mean 

(g) Wet SD (g) 

4 18.5 134.2     

4 20.2 139.4 

4 19.7 138.1 

4 18.1 133.3 

4 18.9 133.5 19.1 0.861 135.7 2.841 

6 27.3 201.3     

6 28.6 202.4 

6 28.8 202.5 

6 28.1 206.3 

6 29.4 205.5 28.4 0.789 203.6 2.170 

8 37.6 269.9     

8 37.8 270.5 

8 37.4 273.8 

8 38.7 273.4 

8 34.9 271.6 37.3 1.420 271.8 1.724 

 

Table 10: Sample Size Calculations for 5% Measurement Error of Infant Formula 

Bottle Size 

(oz) 

Expected 

weight (g) 

Estimated 

weight (g) 

Measurement 

error (%) 

SD expected 

weight (g) 

Effect 

Size 

Sample 

Size 

2 9.1 8.645 5 0.738 0.617 21 

2   8.372 8   0.986 17 

2   8.19 10   1.233 11 

4 19.1 18.145 5 0.861 1.109 13 

4   17.572 8   1.775 5 

4   17.19 10   2.218 4 

6 28.4 26.98 5 0.789 1.800 5 

6   26.128 8   2.880 2 

6   25.56 10   3.599 2 

8 37.3 35.435 5 1.42 1.313 10 

8   34.316 8   2.101 4 

8   33.57 10   2.627 3 

 

Food Photography Application© Baby Bottle Analysis 

 

During the Baby Bottle study, participants captured three photographs per bottle with the 

SmartIntake© application. After collection of photographs through the SmartIntake© application, 

photographs were analyzed using the Food Photography Application© as described previously in 
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Chapter 2.  Two scoops of Similac Advance (17.4 g) and four fluid ounces of Similac Advance 

(122 g) were arbitrarily chosen as USDA database87 standards in this analysis. The first 

photograph, dry food provision, was analyzed against a two-scoop standard of Similac Advance. 

The second and third photographs, liquid food provision and waste, were analyzed against a four 

fluid ounce Similac Advance standard bottle. Analysis of the photographs by the study 

coordinator provided an estimate of the proportion of the standard portion that was present in the 

images of participants’ bottles. 

 

Data Analysis Plan 

 

Demographic and Descriptive Analysis 

 

Demographic and descriptive statistics of the study population were generated. 

Continuous variables including age and BMI were expressed as means and standard deviations. 

Categorical variables including race, gender, and BMI group were expressed as percentages. 

Student’s t-tests generated P values using Microsoft Excel 2010 (Microsoft, Redmond, 

Washington, United States). Statistical significance was set at alpha equal to 0.05. 

 

Primary Analysis 

 

Paired dependent t-tests were conducted to determine if the RFPM estimates differed 

significantly from the directly weighed food weights, and the Bland-Altman regression method89 

was employed to determine if error variance differed over the amount of food provision and 

intake. Bland-Altman regression plots89 were generated using Sigma Plot 12.0 (Systat Software, 

San Jose, California, United States). Dry food provision, liquid food provision, and liquid intake 

were compared using paired dependent t-tests and the Bland-Altman regression method89. 

Statistical significance was set at alpha equal to 0.05. 

 

Secondary Analysis 

 

Multivariate analysis of variance (MANOVA) was used to analyze the secondary 

objectives of the Baby Bottle study. Secondary objectives were to evaluate the inter- and intra-

individual variability in infant formula preparation and to investigate the variability in infant 

formula preparation between caregivers and non-caregivers of infants. Both dry food provision 
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and liquid food provision were evaluated as dependent variables. Trial number (1, 2, 3), otherwise 

known as time, and caregiver status (caregiver or non-caregiver) were treated as construct model 

effects for both dependent variables to analyze the effects of time and caregiver status on infant 

formula preparation. Statistical analyses were performed using JMP version 10.0.0 (SAS 

Institute, Cary, North Carolina, United States). Statistical significance was set at alpha equal to 

0.05.  
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CHAPTER 4: RESULTS 
 

Food Photography Application© Training 

 

Inter-Rater Analysis: Dry Food Provision 

 

Twenty-five dry formula photographs were analyzed in Phase 2 Training and Phase 3 

Training in the Food Photography Application© independently by both raters. The Food 

Photography Application© analysis provided before, after, and consumed gram weights. For dry 

formula photograph analysis, all “after” gram weights were set at zero, so “before” gram weights 

were equaled to the consumed gram weights. Consumed gram weights were utilized in the 

analysis. 

In Phase 2 Training, the mean gram weights of the two raters did not significantly differ 

(P=0.2985, Figure 11A, B). An ICC of 0.9499 suggested strong agreement between the raters. As 

indicated in Table 11, average percent error with respect to the master rater was -11.765% (Range 

-28.571, 0.000) in one scoop bottles, 1.493% (Range 0.000, 4.348) in two scoop bottles, 11.005% 

(Range -2.857, 30.769) in three scoop bottles, and 0% (Range -16.000, 16.667) in four scoop 

bottles. The Bland-Altman regression plot (Figure11B) showed no significant trend, indicating 

that bias did not differ by the amount of dry powdered formula in the bottle (y = -0.3671x + 

24.94, R2 = 0.0122, P= 0.5984).  

 

Table 11: Average Percent Error of Trainee Rater With Respect to Master Rater of Dry Food 
Provision in Phase 2 Training 
 

 Trainee Rater 

Average (g) 

Master Rater 

Average (g) 

Average Percent 

Error (%) 

Range of Percent 

Error (%) 

2 fl oz (1 scoop) 8.70 9.86 -11.77 -28.57, 0.00 

4 fl oz (2 scoops) 19.72 19.43 1.49 0.00, 4.35 

6 fl oz (3 scoops) 28.83 25.98 11.01 -2.86, 30.77 

8 fl oz (4 scoops) 36.76 36.76 0.00 -16.00, 16.67 

 

In Phase 3 Training, one photograph was a clear outlier and it was removed from the 

analysis dataset as a rater typing error. Across the 25 sets of photographs, the mean analysis of 

the trainee rater (24.14 ± 10.33 g) did not differ significantly (P= 0.6473) from the mean of the 

master rater (24.00 ± 10.25 g). (Figure 11C, D). Additionally, an ICC of 0.9976 demonstrated 

high agreement between the two raters, as the a priori aim was to achieve an ICC of greater than 

or equal to 0.95. Table 12 shows that the average percent error with respect to the master rater 

was 0% (Range -16.667, 20.000) for bottles containing one standard scoop of formula, 0% 
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(Range 0.000, 0.000) for bottles containing two standard scoops of formula, 1.9% (Range -6.667, 

14.286) for bottles containing three standards of formula, and 0% (Range -6.667, 14.286) for 

bottles containing four standard scoops of formula. The Bland-Altman regression plot (Figure 

11D) showed no significant trend (y = -0.3551x + 24.019, R2 = 0.0028, P= 0.8056). 

 

Table 12: Average Percent Error of Trainee Rater With Respect to Master Rater of Dry Food 
Provision in Phase 3 Training 
 

 Trainee Rater 

Average (g) 

Master Rater 

Average (g) 

Average Percent 

Error (%) 

Range of Percent 

Error (%) 

2 fl oz (1 scoop) 9.28 9.28 0.00 -16.67, 20.00 

4 fl oz (2 scoops) 18.56 18.56 0.00 0.00, 0.00 

6 fl oz (3 scoops) 26.85 26.35 1.89 -6.67, 14.29 

8 fl oz (4 scoops) 35.02 35.02 0.00 -10.00, 5.00 

 

 
Figure 11: Food Photography Application© Estimates of Dry Food Provision in Phase 2 Training 
(A, B) and Phase 3 Training (C, D) 
 

Inter-Rater Analysis: Liquid Formula Intake 

Fifty liquid formula photographs including 25 “before” and 25 “after” photographs of the 

same formula bottles were analyzed in Phase 2 Training and Phase 3 Training by both raters in an 
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independent setting. Analysis of the “before” photographs was used to quantify estimated gram 

weights. Analysis of the “after” photographs was used to quantify the returned gram weights. The 

difference between the “before” and “after” gram weights represented the consumed gram 

weights. Only consumed gram weights were used in analysis. 

In Phase 2 Training, the mean of consumed gram weights of the trainee rater (124.90 ± 

65.74 g) was significantly different (P= 0.0269) from the mean consumed gram weights of the 

master rater (116.88 ± 70.14 g) (Figure 12A, B). The ICC was 0.8375 and did not achieve the 

level deemed appropriate for trainer certification of analysis. The average percent error with 

respect to the master rater (Table 13) was 10.59% (Range 0.000, 27.273) in 2 fl oz bottles, 4.05% 

(Range -10.000, 14.286) in 4 fl oz bottles, 5.52% (Range -12.727, 29.633) in 6 fl oz bottles, and 

8.46% (Range -4.000, 166.667) in 8 fl oz bottles suggesting overestimation of gram weights by 

the trainee rater as compared to the master rater with an increase in the bottle size. The Bland-

Altman regression plot (Figure 12B) showed no significant trend (y = 1.03x + 129.16, R2= 

0.0678, P= 0.2088).  

 

Table 13: Average Percent Error of Trainee Rater With Respect to Master Rater of Liquid 
Formula Intake in Phase 2 Training 

 

 Trainee Rater 

Average (g) 

Master Rater 

Average (g) 

Average Percent 

Error (%) 

Range of Percent 

Error (%) 

2 fl oz  47.78 43.21 10.59 0.00, 27.27 

4 fl oz  78.28 75.23 4.05 -10.00, 14.29 

6 fl oz  144.46 137.25 5.25 -12.73, 29.63 

8 fl oz  181.93 167.75 8.46 -4.00, 166.67 

 

Given that the comparison between the trainee rater and master rater for liquid formula 

intake did not reach the pre-determined level (ICC=0.95), Phase 3 Training was completed. In 

Phase 3 Training, the mean liquid formula intake of the trainee rater (121.34 ± 69.36 g) did not 

significantly differ (P= 0.7887) from the mean liquid formula intake of the master rater (120.41 ± 

68.58 g) (Figure 12C, D). The calculated ICC was 0.9977 indicating high agreement between the 

two raters. As shown in Table 14, average percent error of the trainee rater with respect to the 

master rater was 19.2% (Range 0.000, 40.000) in 2 fl oz bottles, -23.3% (Range -36.842, 12.500) 

in 4 fl oz bottles, -2.7% (Range -20.000, 16.667) in 6 fl oz bottles, and 3.4% (Range in 0.000, 

9.091) 8 fl oz bottles. The Bland-Altman regression plot (Figure 12D) showed no significant 

trend (y = -0.18x + 120.71, R2= 0.0021, P= 0.8270). 
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Table 14: Average Percent Error of Trainee Rater With Respect to Master Rater of Liquid 
Formula Intake in Phase 3 Training 
 

 Trainee Rater 

Average (g) 

Master Rater 

Average (g) 

Average Percent 

Error (%) 

Range of Percent 

Error (%) 

2 fl oz  47.28 39.65 19.23 0.00, 40.00 

4 fl oz  67.10 87.43 -23.26 -36.84, 12.50 

6 fl oz  140.30 144.22 -2.72 -20.00, 16.67 

8 fl oz  179.04 173.09 3.44 0.00, 9.09 

 

 
Figure 12: Food Photography Application© Estimates of Liquid Formula Intake in Phase 2 
Training (A, B) and Phase 3 Training (C, D) 

 
 
Demographic and Descriptive Characteristics 

 

The demographic characteristics of the study sample are shown in Table 15. Caregivers 

and non-caregivers did not differ on the basis of demographic information (P>0.05 for all 

variables). The average age of participants enrolled in the study was 31 ± 14 years for caregivers 

and 34 ± 14 years for non-caregivers. Approximately, 89% of caregivers and 88% of non-

caregivers in the study sample were female. Sixty-eight percent of caregivers and 80% of non-

caregivers in the study sample were Caucasian. According to measured height and weight at Visit 

1 and calculated BMI, 54% of caregivers and 68% of non-caregivers in the study sample were 
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classified as normal weight (BMI 18.5-24.9 kg/m2), 4% of caregivers were classified as 

underweight (BMI <18.5 kg/m2), 14% of caregivers and 12% of non-caregivers were classified as 

overweight (BMI 25-29.9 kg/m2) and, 7% of caregivers and 8% of non-caregivers were classified 

as obese (BMI ≥30 kg/m2). 

 
Table 15: Characteristics of Study Participants 

 Caregivers (n=28) Non-caregivers  (n=25) P value 

Age, y 31 ± 14 34 ± 14 0.43 

BMI, kg/m2 27.1 ± 8.3 24.8 ± 5.4 0.25 

 Underweight  1 (4) -  
 Normal  15 (54) 17 (68)  
 Overweight  4 (14) 3 (12)  
 Obese  8 (29) 5 (20)  

Race   0.48 

 Caucasian  19 (68) 20 (80)  
 African American  7 (25) 3 (12)  
 Other  2 (7) 2 (8)  

Gender   0.88 

 Male  3 (11) 3 (12)  
 Female  25 (89) 22 (88)  
Continuous variables are expressed as Mean ± SD, Categorical variables are expressed as n (%). 
BMI= body mass index. Other race includes Asian and no answer. 

 

Baby Bottle Study- Primary Analysis 

 

Combined 

 

Among all infant formula bottles in the study sample, the RFPM estimated the mean 

gram weight of dry food provision as 24.1 ± 11.0 g (111.0 ± 50.5 kcals), and the directly weighed 

foods method estimated the mean gram weight of dry food provision as 22.3 ± 9.9 g (102.5 ± 45.5 

kcals). As shown in the scatterplot (Figure 13A), there was high association between the gram 

weight estimations of the RFPM and the directly weighed foods method (R2= 0.95, P<0.001). The 

RFPM significantly underestimated dry food provision (T= -18.313, P<0.0001) by a mean of 1.9 

± 2.5 g or 6.7 ± 9.9 % as compared to the directly weighed foods method (Table 16). The Bland-

Altman regression plot (Figure 13B) showed a negative trend, indicating that the RFPM had 

larger underestimates of dry powdered infant formula as the amount of infant formula and bottle 

size increased (y= -0.11 (0.01) x + 0.61 (0.22), R2=0.1860, P<0.0001). The difference between 

the two methods ranged from an underestimation of 13.74 g to an overestimation of 17.24 g by 

the RFPM. The mean difference in energy estimation of the RFPM and the directly weighed 
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foods method was 8.5 ± 11.7 kcal (Table 16). This represents a daily underestimation of 34 to 51 

kilocalories based upon recommended feeding schedules of infants (Table 16).  

 

 

Figure 13: Bland-Altman regression analysis comparing gram weight estimated by the Remote 
Food Photography Method (RFPM) to the gold standard, Directly Weighed Foods (DWF) in 

combined sized bottles. The figure shows: (A) Linear regression plot of Dry Food Provision (B) 
Bland-Altman regression plot of Dry Food Provision (C) Linear regression plot of Liquid Food 
Provision (D) Bland-Altman regression plot of Liquid Food Provision (E) Linear regression plot 

of Liquid Intake (F) Bland-Altman regression plot of Liquid Intake 
 

After preparing liquid food provision by adding the required amount of water, the mean 

gram weight estimations shown from the RFPM and the directly weighed foods were 149.0 ± 

73.4 g (102.5 ± 45.5 kcals) and 143.4 ± 66.2 g (111.0 ± 50.5 kcals), respectively (Table 16). As 

shown in the scatterplot (Figure 13C), gram estimations by the RFPM and the directly weighed 

foods were strongly associated (R2= 0.98, P<0.001). The RFPM significantly overestimated 
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liquid food provision among all prepared liquid formula bottles (T= 11.7017, P<0.0001) by 5.7 ± 

12.2 g as compared to the directly weighed foods method (Table 16). This resulted in a mean 

percent difference of 2.5 ± 9.0% between methods (Table 16). The Bland-Altman regression plot 

(Figure 13D) showed a significant positive trend, indicating that the RFPM underestimated the 

amount of infant formula intake with smaller bottle sizes and overestimated the amount of infant 

formula intake with larger bottle sizes (y= 0.10 (0.01) x – 9.35 (0.91), R2=0.3430, P<0.0001). The 

difference between the two methods ranged from an underestimation of 21.10 g to an 

overestimation of 47.50 g by the RFPM, excluding the outlier that differed between methods by 

118 g. Since dry infant formula powder accounts for energy content of the prepared liquid 

formula, the mean difference in energy estimation between the RFPM and the directly weighed 

foods method among all prepared liquid formula bottles was the same as with the dry food 

provision, 8.5 ± 11.7 kcals resulting in a daily underestimation of the RFPM of 34 to 51 

kilocalories (Table 16). 

The mean estimation of liquid intake among all infant formula bottles using the RFPM 

was 117.9 ± 65.6 g (81.1 ± 40.7 kcal) (Table 16), and the mean estimation of liquid intake among 

all infant formula bottles using the directly weighed foods method was 110.8 ± 58.4 g (85.8 ± 

44.5 kcal) (Table 16). As shown in the scatterplot (Figure 13E), there was a strong association 

between the gram weight estimations of the RFPM and the directly weighed foods method (R2= 

0.96, P<0.0001). The RFPM significantly underestimated liquid intake by 7.2 ± 14.1 g as 

compared to the directly weighed foods method (T= 12.8241, P <0.0001) (Table 16). This is also 

represented as a mean percent difference between methods of 4.9 ± 15.0% (Table 16). The Bland-

Altman regression plot (Figure 13F) that compared mean estimations of the methods and the 

differences between methods of liquid intake showed a significant positive trend (y= 0.12 (0.01) 

x – 6.22 (1.01), R2=0.2626, P<0.0001). The difference between the two methods ranged from an 

underestimation of 23.70 g to an overestimation of 59.60 g by the RFPM, excluding the outlier 

that differed between methods by 121.80 g. The mean difference of energy estimation of the 

liquid intake in 2 fluid ounce bottles was 4.6 ± 9.5 kcal providing a daily underestimation of 

liquid intake of 18 to 27 kcals by the RFPM as compared to the directly weighed foods method 

(Table 16). 
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2 fl oz 
 

Using RFPM, a single scoop of infant formula powder (dry food provision), required for 

preparation of a 2 fluid ounce bottle, was estimated to weigh 9.8 ± 1.1 g (44.8 ± 4.7 kcal) (Table 

16). The mean directly measured weight of a single scoop of infant formula powder was 9.2 ± 1.0 

g (42.1 ± 4.8 kcal) (Table 16). As shown in the scatterplot (Figure 14A), the RFPM and the 

directly weighed foods gram weight estimations were weakly associated (R2= 0.28, P<0.0001). 

The RFPM significantly underestimated dry food provision (T= -7.5524, P <0.0001) by a mean of 

0.6 ± 1.0 g or 5.7 ± 10.2 % as compared to the directly weighed foods method (Table 16). The 

Bland-Altman regression plot (Figure 14B) showed a bias that was not statistically significant (y= 

0.02 (0.09) x – 0.80 (0.84), R2=0.0003, P=0.8152) with difference between methods ranging from 

an underestimation of 3.34 g by the RFPM to an overestimation of 2.04 g by the RFPM. The 

mean difference in energy estimation of the RFPM and the directly weighed foods method was 

2.8 ± 4.6 kcal (Table 16). This represents a daily underestimation of 11 to 16 kilocalories based 

upon recommended feeding schedules of newborns (Table 16).  

Additionally, the directly weighed foods gram weights of dry food provision were 

analyzed to examine the variability of a single scoop of dry powdered formula and the error from 

the standard size of a single scoop as indicated in the Similac Advance nutrition information. The 

Similac Advance nutrition information provides that a single scoop of dry powdered formula 

should weigh 8.7 g. Average size of a single scoop of dry powdered formula showed a mean error 

of 1.1 g as compared to the standard weight of 8.7 g. Among individuals in the preparation of dry 

food provision among 2 fluid ounce bottles, error varied from - 0.8 g to 2.3 g as compared to the 

standard weight of 8.7 g. 

After the required amount of water was added to produce liquid food provision, the 

RFPM and the directly weighed foods method estimated liquid food provision in 2 fluid ounce 

bottles with mean gram weights of 57.6 ± 7.8 g and 56.2 ± 7.6 g, respectively (Table 16). As 

shown in the scatterplot (Figure 14C), the RFPM and the directly weighed foods gram weight 

estimations were moderately associated (R2= 0.52, P<0.0001). The RFPM significantly 

underestimated liquid food provision in 2 fluid ounce bottles (T= -3.0837, P = 0.0024) by 1.4 ± 

5.8 g or 1.9 ± 10.3% as compared to the directly weighed foods method (Table 16). The Bland-

Altman regression plot (Figure 14D) showed a bias that was not statistically significant (y= -0.03 

(0.06) x + 0.42 (3.68), R2=0.0016, P=0.6183) with the difference between methods ranging from 

an underestimation of 15.10 g to an overestimation of 19.80 g by the RFPM. The mean difference 

in energy estimation between the RFPM (44.8 ± 4.7 kcal) and the directly weighed foods method 

(42.1 ± 4.8 kcal) was 3.0 ± 4.4 kcal (Table 16) as the energy content of the liquid food provision 
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is found in the dry food provision only and not the water that was mixed to prepare the liquid 

food provision. 

 

 

Figure 14: Bland-Altman regression analysis comparing gram weight estimated by the Remote 
Food Photography Method (RFPM) to the gold standard, Directly Weighed Foods (DWF) in 2 

fluid ounce bottles. The figure shows: (A) Linear regression plot of Dry Food Provision (B) 
Bland-Altman regression plot of Dry Food Provision (C) Linear regression plot of Liquid Food 
Provision (D) Bland-Altman regression plot of Liquid Food Provision (E) Linear regression plot 

of Liquid Intake (F) Bland-Altman regression plot of Liquid Intake 
 

The mean estimation of liquid intake in 2 fluid ounce bottles using the RFPM was 43.8 ± 

10.9 g (32.7 ± 6.9 kcal) (Table 16), and the mean estimation of liquid intake in 2 fluid ounce 

bottles using the directly weighed foods method was 45.9 ± 10.5 g (35.7 ± 6.3 kcal) (Table 16). 
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As shown in the scatterplot (Figure 14E), there was a moderate association between the gram 

weight estimations of the RFPM and the directly weighed foods method (R2=0.70, P<0.0001). 

Among 2 fluid ounce bottles in the study sample, the RFPM significantly underestimated liquid 

intake by 2.2 ± 6.2 g (T= -4.4453, P <0.0001) as compared to the directly weighed foods method 

(Table 16). This represented a mean percent difference of 4.1 ± 14.4% between methods (Table 

16). The Bland-Altman regression plot (Figure 14F) that compared the means and differences in 

liquid intake estimations between the RFPM and the directly weighed foods method showed a 

bias that was not statistically significant (y= 0.04 (0.05) x – 3.93 (2.20), R2=0.0043, P=0.4123) 

with difference between methods ranging from an underestimation of 14.67 g to an 

overestimation of 15.38 g by the RFPM. The mean difference of energy estimation of liquid 

intake among 2 fluid ounce bottles was 2.8 ± 4.6 kcal providing a daily underestimation of liquid 

intake of 12 to 18 kcals by the RFPM as compared to the directly weighed foods method (Table 

16). 

 

4 fl oz 

 

In 4 fluid ounce bottles, the mean estimation of dry food provision (two scoops of infant 

formula powder) was 18.1 ± 2.7 g (83.4 ± 12.5 kcals) by the RFPM and 19.3 ± 1.8 g (88.6 ± 8.1 

kcals) by the directly weighed foods method (Table 16). As shown in the scatterplot (Figure 

15A), there was reasonable agreement between most of the gram estimates by RFPM and the 

directly weighed foods method however three outliers were evident. As a result, a weak 

association between the two methods was observed (R2=0.07, P=0.0005). Furthermore, the paired 

dependent t-test showed a significant difference in mean dry food provision estimation in 4 fluid 

ounce bottles (T= -5.0716, P<0.0001) between the RFPM and the directly weighed foods method 

with an underestimation of 1.1 ± 2.8 g or 5.5 ± 13.9% by the RFPM (Table 16). A closer 

inspection of the differences between the two methods, using a Bland-Altman regression plot 

(Figure 15B), showed that bias varied significantly with increasing gram weights (y= 0.66 (0.11) 

x – 13.44 (2.10), R2=0.1802, P<0.0001). The mean difference between the two methods, shown in 

Figure 15B, ranged from an underestimation of 7.28 g to an overestimation of 17.24 g by the 

RFPM. The mean difference in energy estimation of the RFPM and the directly weighed foods 

method was -5.2 ± 12.9 kcals providing a daily underestimation in the range of 21 to 31 

kilocalories (Table 16). 
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Figure 15: Bland-Altman regression analysis comparing gram weight estimated by the Remote 
Food Photography Method (RFPM) to the gold standard, Directly Weighed Foods (DWF) in 4 

fluid ounce bottles. The figure shows: (A) Linear regression plot of Dry Food Provision (B) 
Bland-Altman regression plot of Dry Food Provision (C) Linear regression plot of Liquid Food 
Provision (D) Bland-Altman regression plot of Liquid Food Provision (E) Linear regression plot 

of Liquid Intake (F) Bland-Altman regression plot of Liquid Intake 
 

Among 4 fluid ounce bottles, the RFPM and the directly weighed foods method provided 

mean liquid food provision estimations of 115.7 ± 19.1 g (83.4 ± 12.5 kcals) and 115.1 ± 16.3 g 

(88.6 ± 8.1 kcals), respectively (Table 16). As shown in Figure 15C, the RFPM and the directly 

weighed foods gram weight estimations were highly associated (R2= 0.56, P<0.0001). The paired 

dependent t-test showed that there was no significant difference in estimation of liquid food 

provision between the RFPM and the directly weighed foods method for 4 fluid ounce bottles 
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with a mean error of 0.7 ± 12.8 g (T= 0.6410, P= 0.5224) (Table 16). The RFPM overestimated 

liquid food provision by 0.9 ± 10.9% as compared to the directly weighed foods method among 4 

fluid ounce bottles (Table 16). The Bland-Altman regression plot (Figure 15D) showed a positive 

bias that varied significantly with increasing gram weight of dry food provision (y= 0.18 (0.06) x 

– 19.61 (7.00), R2=0.0516, P= 0.0040). The difference between the two methods, shown in Figure 

15D, ranged from an underestimation of 21.10 g to an overestimation of 19.90 g by the RFPM, 

excluding the outlier that differed by 118.00 g. The RFPM underestimated energy content by 5.2 

± 12.9 kcals as compared to the directly weighed foods method (Table 16). As the energy content 

of liquid food provision is accounted for by the dry food provision and not the water used to 

prepare the liquid food provision, the RFPM showed a daily underestimation of liquid intake of 

21 to 31 kcals by the RFPM as compared to the directly weighed foods method. 

The mean estimation of liquid intake among 4 fluid ounce bottles was 91.5 ± 24.8 g (65.9 

± 16.3 kcals) using the RFPM and 90.1 ± 23.9 g (69.3 ± 11.8 kcals) using the directly weighed 

foods method, respectively (Table 16). As shown in the scatterplot (Figure 15E), the gram weight 

estimations between the RFPM and the directly weighed foods method were strongly associated 

(R2=0.73, P<0.0001). The paired dependent t-test showed that the RFPM did not differ 

significantly (T= 1.4291, P= 0.1550) as compared to the directly weighed foods method in 

estimating liquid formula intake among 4 fluid ounce bottles in the study sample. The RFPM 

overestimated liquid formula intake among 4 fluid ounce bottles by 1.5 ± 13.1 g or 2.8 ± 16.3% 

(Table 16). The Bland-Altman regression analysis showed a bias that was not statistically 

significant (y= 0.04 (0.04) x – 2.23 (4.18), R2=0.0053, P= 0.3600) (Figure 15F). The difference 

between the two methods ranged from an underestimation of 19.34 g to an overestimation of 

25.20 g by the RFPM. The mean difference of energy estimation of the liquid formula intake 

among 4 fluid ounce bottles was 3.6 ± 10.5 g which yields an estimated error of the RFPM of 15 

to 22 kcals for this serving size over the course of one day. 

 

6 fl oz 

 

The preparations of dry infant formula for the 6 fluid ounce bottle (three scoops of infant 

formula powder) were estimated with means of 26.5 ± 1.1 g (121.9 ± 5.2 kcal) by the RFPM and 

28.9 ± 2.1 g (132.9 ± 9.7 kcal) by the directly weighed foods method (Table 16). As shown in the 

scatterplot (Figure 16A), there was a significant, yet weak correlation (R2=0.03, P=0.03) between 

the gram weight estimations of the RFPM and the directly weighed foods method. The RFPM 

significantly underestimated dry food provision (T= -13.764, P<0.0001) by 2.4 ± 2.2 g as 
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compared to the gold standard method, the directly weighed foods method (Table 16). The mean 

percent difference of dry food provision among 6 fluid ounce bottles between the two methods 

was 7.9 ± 6.9%. As shown in the Bland-Altman regression plot (Figure 16B), regression analysis 

showed that the negative bias significantly varied with the gram weights (y= -0.10 (0.11) x + 

24.41 (3.16), R2= 0.3143, P< 0.0001) such that the RFPM overestimated smaller mean gram 

weights and underestimated larger mean gram weights were underestimated by the RFPM, as 

compared to the directly weighed foods method. The mean difference between the two methods, 

shown in Figure 16B, ranged -13.74 g to 3.60 g. The mean difference in energy estimation 

between the two methods was 11.0 ± 10.1 kcals representing an underestimation of between 44 

and 66 kilocalories per day. 

Liquid food provision was estimated in 6 fluid ounce bottles with a mean gram weight of 

180.0 ± 27.6 g (121.9 ± 5.2 kcal) using the RFPM (Table 16). The directly weighed foods method 

estimated liquid food provision as 174.1 ± 24.2 g (132.9 ± 9.7 kcal) (Table 16). As shown in the 

scatterplot (Figure 16C), the gram weight estimations between the RFPM and the directly 

weighed foods were highly correlated and followed the line of identity (R2=0.91, P<0.0001). 

Despite this strong association, the paired dependent t-test showed that the RFPM overestimated 

liquid food provision significantly (T= 8.6487, P<0.0001) in 6 fluid ounce bottles by 5.9 ± 8.6 g 

or 3.3 ± 4.9% as compared to the directly weighed foods method (Table 16). The Bland-Altman 

regression plot (Figure 16D) showed positive bias that varied significantly as a function of the 

amount of liquid formula contained in the bottle with larger overestimations in formula bottles of 

larger sizes (y= 0.14 (0.02) x – 18.33 (4.41), R2=0.1645, P<0.0001). The difference between the 

two methods ranged from an underestimation of 15.60 g to an overestimation of 32.40 g by the 

RFPM. Considering that dry infant formula powder accounts for energy content of the prepared 

formula bottles, the RFPM showed a mean energy difference of 11.0 ± 10.1 kcals between the 

two methods resulting in a daily error difference of 44 to 66 kilocalories. 

The RFPM and the directly weighed foods method provided mean estimations of liquid 

intake in 6 fluid ounce bottles of 141.8 ± 42.2 g (96.0 ± 7.9 kcals) and 133.6 ± 40.7 g (102.0 ± 

16.3 kcals), respectively (Table 16). The scatterplot (Figure 16E) and correlation analysis 

revealed a strong association between the gram weight estimations of the RFPM and the directly 

weighed foods method (R2=0.94, P<0.0001). The RFPM overestimated liquid intake by 8.2 ± 

10.3 g and this was determined to be statistically significant by the paired dependent t-test (T= 

10.0416, P< 0.0001). Mean percent difference in liquid intake between the two methods was 

determined as 7.0 ± 12.4%. The Bland-Altman regression plot (Figure 16F), comparing liquid 

intake between the directly weighed foods method and the RFPM, showed a bias that was not 
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statistically significant (y= 0.04 (0.02) x + 3.11 (2.84), R2= 0.0217, P= 0.0638) with the 

difference between the methods ranging from an underestimation of 23.70 g to an overestimation 

of 50.00 g by the RFPM. Energy estimation using the RFPM provided an underestimation of 5.9± 

9.1 kcals which averages to a daily energy error range of 24 to 36 kcals. 

 

 

Figure 16: Bland-Altman regression analysis comparing gram weight estimated by the Remote 
Food Photography Method (RFPM) to the gold standard, Directly Weighed Foods (DWF) in 6 fl 
oz bottles. The figure shows: (A) Linear regression plot of Dry Food Provision (B) Bland-Altman 

regression plot of Dry Food Provision (C) Linear regression plot of Liquid Food Provision (D) 
Bland-Altman regression plot of Liquid Food Provision (E) Linear regression plot of Liquid 

Intake (F) Bland-Altman regression plot of Liquid Intake 
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8 fl oz 

The mean estimation of four scoops of dry infant formula, or dry food provision, in 8 

fluid ounce bottles was observed as 35.4 ± 1.2 g (162.7 ± 5.5 kcals) by the RFPM and 38.6 ± 3.0 

g (177.6 ± 13.9 kcals) by the directly weighed foods method (Table 16). The scatterplot (Figure 

17A) showed there was weak association between the gram weight estimations of the RFPM and 

the directly weighed foods method (R2=0.14, P<0.0001). The mean difference between the RFPM 

and the directly weighed foods method was 3.3 ± 2.8 g with RFPM significantly underestimating 

dry food provision by 7.9 ± 6.7% (T= -14.631, P< 0.0001) (Table 16). Bland-Altman regression 

analysis showed negative bias that varied significantly (y= -1.16 (0.08) x + 39.50 (3.00), R2= 

0.5653, P< 0.0001) such that the RFPM overestimated smaller gram weights and underestimated 

larger gram weights (Figure 17B). The mean difference between methods ranged from an 

underestimation of 13.76 g to an overestimation of 5.12 g by the RFPM (Figure 17B). The mean 

error of energy estimation of the RFPM as compared to the directly weighed foods method was 

14.9 ± 12.9 kcals (Table 16). Referring to kilocalories, the mean energy estimation corresponds to 

an underestimation of 60 to 90 kilocalories by the RFPM as compared to the directly weighed 

foods method per day. 

For liquid food provision for the 8 fluid ounce bottles, the RFPM provided a mean gram 

estimation of 244.1 ± 24.4 g (162.7 ± 5.5 kcals), and the directly weighed foods method provided 

a mean gram estimation of 226.6 ± 24.2 g (177.6 ± 13.9 kcals) (Table 16). As shown in the 

scatterplot (Figure 17C), the RFPM and the directly weighed foods gram weight estimations were 

highly associated (R2=0.82, P<0.0001). A significant difference between the RFPM and the 

directly weighed foods method was indicated (T= 20.9127, P<0.0001) such that RFPM 

overestimated the directly weighed foods method by 17.5 ± 10.5 g or 7.9 ± 4.9% (Table 16). The 

Bland-Altman regression plot (Figure 17D) showed a bias that was not statistically significant (y= 

0.01 (0.04) x + 15.50 (8.37), R2= 0.0004, P= 0.8123) with difference between methods ranging 

from an underestimation of 1.6 g to an overestimation of 47.5 g the RFPM. As with the dry food 

provision among 8 fluid ounce bottles, the mean kilocalorie difference between methods 14.9 ± 

12.9 kcals resulting in an underestimation of the RFPM by 60 to 90 kilocalories per day.  

The mean estimation of liquid formula intake in 8 fluid ounce bottles using the RFPM 

and the directly weighed foods method was 194.6 ± 45.5 g (129.7 ± 10.3 kcals) and 173.5 ± 47.4 

g (136.0 ± 27.2 kcals) (Table 16), respectively. As shown in the scatterplot (Figure 17E), the 

gram weight estimations by the RFPM and the directly weighed foods method were highly 

associated (R2=0.93, P<0.0001). The RFPM significantly differed from the directly weighed 

foods method (T= 20.7925, P<0.0001) in estimating liquid intake in 8 fluid ounce bottles with 
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Figure 17: Bland-Altman regression analysis comparing gram weight estimated by the Remote 
Food Photography Method (RFPM) to the gold standard, Directly Weighed Foods (DWF) in 8 

fluid ounce bottles. The figure shows: (A) Linear regression plot of Dry Food Provision (B) 
Bland-Altman regression plot of Dry Food Provision (C) Linear regression plot of Liquid Food 
Provision (D) Bland-Altman regression plot of Liquid Food Provision (E) Linear regression plot 

of Liquid Intake (F) Bland-Altman regression plot of Liquid Intake 
 

mean error between the two methods of 21.2 ± 12.9 g. The RFPM overestimated by 14.0 ± 10.3% 

as compared to the directly weighed foods method (Table 16). The Bland-Altman regression 

analysis showed that bias was not statistically significant across gram weights of liquid intake  

(y= -0.04 (0.02) x + 29.05 (4.18), R2= 0.0234, P= 0.0542) with difference between methods 

ranging from an underestimation of 8.9 g to an overestimation of 59.6 g (Figure 17F). The mean 
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error estimate of liquid formula intake per formula preparation was shown as 5.7 ± 12.0 kcals 

resulting in a daily mean error of 23 to 34 kilocalories. 

 

Baby Bottle Study- Secondary Analysis 

 

2 fl oz 

 

The least squares mean estimated gram weight of a single dry scoop of formula in 

preparation of a 2 fluid ounce bottle prepared by caregivers was 9.90 ± 0.11 g and non-caregivers 

9.58 ± 0.12 g (Figure 18). The MANOVA showed that this slight (3%) increased gram weight 

measured by caregivers was significantly higher than non-caregivers (adjusted P =0.0499) (Table 

17). Importantly, the MANOVA also showed no significant difference in measured gram weight 

across the three trials (adjusted P=0.0921) and no interaction between trial number and caregiver 

status (adjusted P=0.8396) (Table 17). Adding water to the 2 fluid ounce bottle resulted in liquid 

food provision with least squares mean gram weights of 57.48 ± 0.87 g for caregivers and non-

caregivers 57.83 ± 0.92 g for non-caregivers (Figure 19). No difference between caregivers and 

non-caregivers was observed in preparation of liquid food provision (adjusted P=0.7827). This 

observation was consistent across the three trials of liquid food provision (adjusted P=0.9661) 

(Table 17). 

 

 

Figure 18: Least Squares Means and Standard Error of Dry Food Provision Prepared by 
Caregivers and Non-caregivers 
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4 fl oz 

 

Caregivers and non-caregivers prepared dry food provision among 4 fluid ounce bottles 

with a least squares mean estimation of 19.38 ± 0.19 g and 19.12 ± 0.20 g (Figure 18), 

respectively. The MANOVA showed no differences in dry food provision preparation between 

caregivers and non-caregivers (adjusted P=0.3409) (Table 17). In addition, no significant 

difference was shown across trials of dry food provision among 4 fluid ounce bottles (adjusted 

P=0.3001). The MANOVA showed a significant interaction between trial number and caregiver 

status in dry food provision (adjusted P=0.0146) (Table 17). The least squares mean estimated 

gram weight of liquid food provision among 4 fluid ounce bottles by caregivers was 114.64 ± 

1.80 g and non-caregivers 115.53 ± 1.90 g (Figure 19). No significant difference was observed in 

the preparation of liquid food provision among 4 fluid ounce bottles between caregivers and non-

caregivers (adjusted P=0.7361) (Table 17). There was no observed effect across trials of liquid 

food provision among 4 fluid ounce bottles (adjusted P= 0.5952), and the MANOVA showed no 

interaction between trial number and caregiver status (adjusted P= 0.6703) (Table 17). 

 

Table 17: MANOVA Effect Tests for the Directly Weighed Foods Method 

  Dry Food Provision Liquid Food Provision 

  
Sum of 

Squares F Ratio 

Adjusted P 

value 

Sum of 

Squares F Ratio 

Adjusted P 

value 

2 oz       

     Caregiver 3.9900 3.9050 0.0499 4.8011 0.0764 0.7827 

     Trial # 4.9509 2.4227 0.0921 27.3164 0.2172 0.8050 

     Trial #*Caregiver 0.3577 0.1751 0.8396 4.3398 0.0345 0.9661 

4 oz       

     Caregiver 2.7199 0.9127 0.3409 31.0234 0.1140 0.7361 

     Trial # 7.2304 1.2131 0.3001 283.3440 0.5207 0.5952 

     Trial #*Caregiver 25.9001 4.3456 0.0146 218.2597 0.4011 0.6703 

6 oz       

     Caregiver 0.6492 0.1472 0.7017 109.7549 0.1824 0.6699 

     Trial # 12.3104 1.3960 0.2507 58.0804 0.0483 0.9529 

     Trial #*Caregiver 9.8488 1.1169 0.3300 13.4524 0.0112 0.9889 

8 oz       

     Caregiver 13.4387 1.4729 0.2268 285.6789 0.4737 0.4923 

     Trial # 9.2813 0.5086 0.6023 162.9344 0.1351 0.8737 

     Trial #*Caregiver 21.5937 1.1834 0.3090 141.2892 0.1171 0.8895 

Sum of Squares, F Ratio, and Adjusted P value were calculated using Multivariate Analysis of Variance on 
JMP 10.0.0 (SAS Institute, Cary, North Carolina, United States). P values in bold text were statistically 
significant (alpha was set at 0.05). 
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6 fl oz 

 

The least squares mean estimation of dry food provision among 6 fluid ounce bottles 

prepared by caregivers was 28.97 ± 0.23 g and non-caregivers 28.84 ± 0.24 g (Figure 18). The 

MANOVA showed no difference in preparation of dry food provision between caregivers and 

non-caregivers (adjusted P=0.7017) (Table 17). The MANOVA also showed no significant 

difference in gram weight estimations across the three trials (adjusted P=0.2507) (Table 17). 

After preparing liquid food provision by adding water to the dry food provision, there were no 

differences between caregivers and non-caregivers (adjusted P=0.6699) (Table 17) with least 

squares mean estimations of 173.33 ± 2.68 g by caregivers and 174.99 ± 2.83 g by non-caregivers 

(Figure 19). No significant differences were observed across the trials among 6 fluid ounce 

bottles (adjusted P=0.9529) (Table 17). The MANOVA showed no interaction between trial 

number and caregiver status for dry food provision (adjusted P=0.3300) and liquid food provision 

(adjusted P= 0.9889) (Table 17). 

 

 

Figure 19: Least Square Means and Standard Error of Liquid Food Provision Prepared by 
Caregivers and Non-caregivers 
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8 fl oz 

 

Caregivers and non-caregivers prepared dry food provision among 8 fluid ounce bottles 

with a mean estimation of 38.90 ± 0.33 g and 38.32 ± 0.35 g, respectively (Figure 18). The 

MANOVA showed no differences in dry food provision preparation between caregivers and non-

caregivers (adjusted P=0.2268) and across trials of dry food provision among 8 fluid ounce 

bottles (adjusted P=0.6023) (Table 17). The MANOVA showed no interaction between trial 

number and caregiver status in dry food provision (adjusted P= 0.3090) (Table 17). After adding 

water to dry food provision, no difference was observed in prepared liquid food provision 

between caregivers and non-caregivers (adjusted P=0.4923) (Table 17) with least squares mean 

estimations of 227.86 ± 2.68 g by caregivers and 225.17 ± 2.84 g by non-caregivers (Figure 19). 

The MANOVA showed no effect across trials of liquid food provision among 8 fluid ounce 

bottles (adjusted P=0.8737), and no interaction between trial number and caregiver status of 

liquid food provision (adjusted P=0.8895) (Table 17). 
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CHAPTER 5: DISCUSSION 
 

Measuring infant food intake in near real-time with objective methods is important not 

only for the assessment of growth and development13, but also in the prevention of infant 

overfeeding which may be instrumental in preventing childhood obesity10,12. In the Baby Bottle 

study, a relatively new validated method for assessment of energy intake, the Remote Food 

Photography Method (RFPM), was tested to establish if the RFPM is an appropriate tool for 

measuring infant food intake. Therefore, the overarching objective was to assess if the RFPM can 

accurately estimate simulated infant formula intake compared to the gold standard, the directly 

weighed foods method. Secondary objectives of the study were to evaluate the inter- and intra- 

individual variability in infant formula preparation and to investigate the variability in infant 

formula preparation between caregivers and non-caregivers. 

The RFPM significantly underestimated dry food provision among all dry food provision 

preparations, but the mean difference in estimations by the RFPM as compared to the directly 

weighed foods method remained small ranging from -5.7 ± 10.2% among 2 fluid ounce dry food 

provision preparations to -7.9 ± 6.7% among 8 fluid ounce dry food provision preparations. The 

mean difference of the RFPM with respect to the directly weighed foods method among liquid 

food provision preparations exhibited a trend of increasing error ranging from -1.9 ± 10.3% 

among 2 fluid ounce liquid food provision preparations to 7.9 ± 4.9% among 8 fluid ounce liquid 

food provision preparations. The mean error estimation of the RFPM with respect to the directly 

weighed foods method among liquid intake exhibited a similar trend to the liquid food provision 

preparations with increasing error ranging from -4.1 ± 14.4% among liquid intake in 2 fluid 

ounce bottles to 14.0 ± 10.3% among liquid intake in 8 fluid ounce bottles. The RFPM provided 

accurate estimations, within 10% error of the directly weighed foods method, of liquid intake 

among 2 fluid ounce bottles, 4 fluid ounce bottles, and 6 fluid ounce bottles. Mean estimation of 

liquid intake among 8 fluid ounce bottles was not within 10% error of the directly weighed foods 

method. There was increasing error of the RFPM as compared to the directly weighed foods 

method in liquid intake with increasing size of the formula bottles. In addition, findings from the 

Baby Bottle study showed that the RFPM failed to be flexible with precision in estimations of dry 

food provision, liquid food provision, and liquid waste. In some cases, there were identical gram 

weight estimations for various bottles of similar sizes using the RFPM although their 

measurements from the directly weighed foods method differed. Although this was a systematic 

error within the RFPM, study findings indicate that the gram weight estimations by the RFPM 

were correlated with the measurements by the directly weighed foods method. Although majority 
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of analyses between the RFPM and the directly weighed foods method were significantly 

different in the present study, agreement between methods was strong with the RFPM 

overestimating combined bottles of liquid intake by only 4.9 ± 15.0% as compared to the directly 

weighed foods method. 

Gram estimations of the two methods were translated into energy estimations, and error 

estimations of energy intake were calculated from the energy estimations. This was accomplished 

by accounting for the energy content of liquid intake and multiplying that by 4.5977 g/kcal to 

provide equivalent kilocalories. The RFPM underestimated energy intake by 4.6 ± 9.5 kcals as 

compared to the directly weighed foods method. Since dry infant formula powder is the source of 

energy in infant formula, underestimation in dry food provision is likely the source of kilocalorie 

error in infant intake estimations by the RFPM. The mean error of energy intake provides a daily 

underestimation of 20 to 30 kcals by the RFPM, illustrating that there is minimal clinical 

difference between the two methods on a daily scale. 

Currently available, objective methods for estimating energy intake in infants are fairly 

accurate but have reasonably high burden and cost8,9. Typically, there is small overestimation 

with objective methods in infants due to losses from spit up, spillage during feeding, or drool72. 

The directly weighed foods method, one of the most accurate methods for measuring infant food 

intake, has been shown to be within 5% of estimated energy requirements9,14,16. Test weighing has 

been shown to be the most appropriate method for assessing food intake in breastfed infants17,71,72. 

In infants, test weighing has been shown to overestimate the directly weighed foods method by 

8% using a mechanical scale and by 1% using an electronic scale18,72. Doubly labeled water has 

been shown to overestimate energy intake by 8% in formula fed infants76, by 6% in children 

under two and a half years of age19, and by 7% in infants aged six to twelve months20 as 

compared to the directly weighed foods method. In infants, doubly labeled water can be used to 

measure total energy expenditure, energy intake and energy content73, but with high cost and low 

accessibility to technology and instrumentation necessary for this method, it is not practical for 

widespread clinical use7,8. 

Subjective methods are useful in clinical settings for ease and wide distribution to large 

populations, but these methods rely on memory and portion estimation making them less accurate 

than objective methods7. Estimated food diaries have been shown to underestimate the directly 

weighed foods method by 4% in infants20. With this self-report method, there is potential for poor 

portion estimation, forgetting foods7, and under eating21. In infants, twenty-four hour diet recalls 

have been shown to overestimate energy intake by 13% as compared to the directly weighed 

foods method14. Major disadvantages of the twenty-four hour diet recall method include relying 
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on the patient’s memory and ability to estimate portion sizes and that these recalls only report 

feeding in the previous twenty-four hours14.  Food frequency questionnaires are commonly used 

on a population-based level16,74, and they have been shown to overestimate energy intake by 25% 

in infants aged twelve months as compared to the directly weighed foods method16. 

In comparison to these existing methods, the Baby Bottle study showed that the RFPM is 

an acceptable method for assessing infant formula intake with mean error within 10% of the 

directly weighed foods method among 2 fluid ounce bottles, 4 fluid ounce bottles, and 6 fluid 

ounce bottles. As previously mentioned, the mean error was not within 10% among 8 fluid ounce 

bottles, but a mean error of 14% is an improvement over current subjective methods. With 

evidence from the Baby Bottle study, the RFPM has a higher degree of accuracy in assessing 

infant formula intake as compared to the subjective methods and similar accuracy as compared to 

the objective methods. It was determined that the RFPM provides accurate estimations of energy 

intake in infants and is comparable to the directly weighed foods method14,42, test weighing17,18, 

and the doubly labeled water method19,72,76 however the RFPM has decreased cost, burden, and 

time commitment from individuals as compared to these methods8,9. In addition, the RFPM 

allows for photo capturing before and after feeding with continued communication with analyzers 

and near real-time analysis to increase compliance and accuracy as compared to self-report 

methods that rely on memory14,16. One major strength of the RFPM as compared to subjective 

methods is that it does not rely on portion estimation by the individual user or caregiver which is 

necessary for accurate completion of a food diary, dietary recall, or food frequency 

questionnaires, but portion estimation can more accurately be estimated by trained analyzers7. 

With the RFPM, diet quality and quantity can be assessed over a short or long period, and 

kilocalorie, macronutrient, and micronutrient intakes can be expressed7,22. As compared to test 

weighing17,71,72, a significant limitation with using the RFPM to assess energy intake in breastfed 

infants is the inability to capture and analyze photographs of breastfeeding sessions and the 

inability to determine energy content of breast milk provided to infants. As with other objective 

methods, estimation error includes insensible losses due to inconsistency with clothing changes, 

evaporation from the skin, losses from spit up, and infant movement17,76. 

Since parents and caregivers are responsible for influencing infant feeding behavior4,8,10 

and contributing to healthy growth and development4, the variability of infant formula 

preparation between caregivers and non-caregivers was assessed in the Baby Bottle study. Fifty-

three individuals, 28 caregivers and 25 non-caregivers, completed the study. There were no 

significant demographic differences between the caregivers and non-caregivers, and, importantly, 

the study sample included a wide age range (18 to 71 years of age) and wide BMI range (17 to 56 
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kg/m2). Caregivers and non-caregivers did not differ significantly in the preparation of dry food 

provision or liquid food provision among all bottle sizes except for the preparation of dry food 

provision among 2 fluid ounce bottles. Additionally, there were no significant differences in dry 

food provision or liquid food provision preparations within individuals across the three trials 

indicating that there was low individual variability across all preparations of dry food provision 

and liquid food provision. Accuracy of the RFPM in infants relies on parents and caregivers to 

use the RFPM before and after infant feeding to provide food provision and waste photographs 

and descriptions of consumed foods. Evidenced in the present study, the RFPM is a suitable 

method when parents and caregivers follow RFPM training and photo capturing procedures. 

The Baby Bottle study included a few limitations. As discussed in Chapter 1, whole milk 

powder as compared to powdered infant formula was used in the Baby Bottle study. Since study 

design required formula contents to be discarded, whole milk powder proved to be a cost-

effective alternative. In future studies, the analysis of actual infant formula should confirm that 

there was no difference in estimation by the RFPM between whole milk powder and powdered 

infant formula. In addition, the study design required the order of bottle preparation to be 

standardized. An essential step of the Baby Bottle study to assess the accuracy of the RFPM was 

to capture and analyze all steps of infant formula preparation including the dry food provision as 

dry infant formula powder accounts for the energy content of prepared infant formula. Since there 

was low variability between preparations of dry food provision across trials, it may be appropriate 

to eliminate the need for a dry food provision photograph by using established standard 

estimations of dry food provision to calculate energy estimations within liquid intake. With the 

analysis of gram weights of a single scoop of dry powdered formula and the comparison of these 

gram weights to the standard size of a single scoop of 8.7 g as indicated in the Similac Advance 

nutrition information, it was observed that there is a systematic error by humans in the 

preparation of a single scoop of dry powdered formula. Individuals do not accurately measure 8.7 

g in a single scoop of dry powdered formula for every preparation of a scoop, but preparation of a 

single scoop ranged from about 7 g to 11 g. Of notable importance, this error represents the error 

in any given scoop within a formula bottle which will be compounded with the addition of several 

scoops of powdered formula required for the preparation of larger volumes of infant formula. 

Additionally, since photographs of a formula bottle containing two scoops of dry powdered 

formula and a formula bottle containing 4 fluid ounce of prepared formula were used as the 

standard photographs in the Food Photography Application©, the RFPM estimated liquid intake 

accurately in comparison to the directly weighed foods method among 4 fluid ounce bottles. Error 

estimations by the RFPM were higher among 2 fluid ounce bottles, 6 fluid ounce bottles, and 8 
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fluid ounce bottles, which may be explained by using the two scoop and 4 fluid ounce standard 

photographs as compared to standard photographs of the respective bottle sizes for portion 

estimation. One future improvement to the RFPM infant protocol developed in the Baby Bottle 

study is to use standard photographs of the appropriate bottle sizes rather than using only the 

arbitrarily chosen standard photographs. For example, this would allow for the ratio of a test 

photograph of a 6 fluid ounce bottle to be estimated against the standard photograph of a 6 fluid 

ounce bottle indicating that the error may be reduced compared to the error observed in liquid 

intake among 6 fluid ounce bottles in the present study. Utilization of the appropriate formula 

bottle size standard photographs, as compared to the arbitrarily chosen standard photographs from 

the Baby Bottle study, may allow for the RFPM to be as accurate as possible, limiting the 

analysis error in the Food Photography Application©. With respect to the recommended RFPM 

infant procedures in the present study, there were difficulties in the analysis and estimation of dry 

powder in some instances when the bottle was not shaken to allow the dry powdered formula to 

be more uniformly distributed in the bottle. In addition, some formula bottle photographs were 

taken at a sizeable distance from the bottle, impeding accurate estimation of the contents of the 

bottle. Future RFPM infant instructions should recommend caregivers to evenly distribute the 

powder in the formula bottle and to maintain a suitable distance from the bottle for more accurate 

estimation by the analyzer. Another limitation of the present study was that it was restricted to 

investigating the ability of the RFPM in assessing infant formula intake rather than all foods that 

infants may consume after six months of age. Assessing infant formula intake was an obvious 

initial step for application of the RFPM in infants. Moving forward, the RFPM should be tested 

for its ability to assess infant feeding at all stages of development because early feeding practices 

from birth to two years of age have been shown to contribute to long term feeding behavior10, and 

the ability to assess the pattern of early feeding may be instrumental in monitoring growth and 

development throughout childhood. 

The Baby Bottle study was a validation study to assess infant formula intake, and 

therefore, a protocol for the use of the RFPM to assess infant formula was developed. The RFPM 

infant formula protocol included a few novel features specifically for infants to improve the 

accuracy of the method. As part of the basic RFPM infant formula procedure, dry food provision, 

liquid food provision, and liquid waste photographs were captured with emphasis on accurately 

capturing the dry food provision photograph as it accounts for the energy content of prepared 

infant formula bottles. Additionally, the RFPM infant formula standard card was developed to 

increase accuracy by the RFPM in assessing the number of scoops contained in food provision by 

allowing individuals to report the number of scoops of powder dry formula added to the bottle. 
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Moving forward, accurate estimation of infant formula intake can be achieved by capturing 

photographs of liquid food provision and liquid waste and using the RFPM infant formula 

standard card in the liquid food provision photograph to report the appropriate number of dry 

powder scoops. Successful use of the RFPM infant formula standard card allows for adequate 

estimation of the dry food provision so that energy content can be accurately estimated, even with 

the absence of a dry food provision photograph. As previously mentioned, another possible 

improvement to the current RFPM infant formula protocol is to use standard photographs for 

analysis that correspond to formula bottles in test photographs. Additionally, future RFPM infant 

formula instructions will include specifications of evenly distributing infant formula within the 

formula bottle and capturing photographs at an appropriate distance. Caregivers will be instructed 

to report the number of dry formula powder scoops measured for the infant formula preparation 

and to mix the liquid food provision formula bottle to achieve uniform consistency throughout the 

formula bottle. 

In conclusion, the RFPM was shown to be a viable method in assessing infant formula 

intake with increased accuracy as compared to self-report methods and decreased cost and burden 

as compared to objective methods. While validation studies in free-living infants and caregivers 

represent the obvious next step, the Baby Bottle study provided important information to provide 

a potential future protocol for RFPM to measure infant food intake for research or clinical 

purposes. Future studies are needed to investigate the RFPM infant formula protocol with the 

proposed changes and improvements. After validation of the RFPM in free-living infants, the 

RFPM can be used in research and clinical settings as a tool for monitoring infant food intake. 
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