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EFFECT OF MATERNAL DIET ON MOTHER’S OWN MILK PH AND

PRETERM INFANT INTESTINAL INFLAMMATION

NICOLETTE ERIN OVERTON

ABSTRACT

BACKGROUND

Quantitative evidence of direct links between dietary intake during pregnancy and

maternal and infant outcomes in the preterm population is lacking in the literature.

However, studies are starting to investigate relationships between them, and data shows

that many of the adverse effects of poor maternal diet are linked to inflammatory

response and dysbiosis of the microbiome in both the mother and her offspring.

OBJECTIVE

Our objective with this study was to analyze the relationships between

sociodemographic factors, maternal diet, pH of breast milk, and infant inflammation. We

aimed to assess the dietary pattern of our population of mothers who delivered preterm in

comparison to other populations, as well as explore the possibility of using pH of

mother’s own milk in future research.

METHODS

We reviewed the Electronic Medical Records (EMRs) of participants to gather

clinical and demographic characteristics (infants n = 53; mothers n = 45). Maternal
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participants also completed the Dietary Screener Questionnaire (DSQ). Spearman’s rank

correlation and raw unadjusted linear regression analyses were used to investigate

relationships between maternal diet and characteristics, mother’s own milk pH, and infant

urinary intestinal fatty acid binding protein (I-FABP). Kruskal Wallis analysis was used

to analyze between group differences of maternal comorbidities.

RESULTS

None of our maternal participants met the guidelines for dietary recommendations

by the United States Department of Agriculture (USDA) for pregnant women. This

follows the trend in national data for women who are pregnant. The greatest number of

women met the recommendation for fiber intake (n = 12). Maternal intake of fiber and

whole grains was negatively correlated with pH of mother’s own milk (p <0.5). We did

not find any significant correlations between maternal characteristics and maternal diet or

pH of mother’s own milk. However, meeting the guidelines for added sugars differed by

race (p = 0.03). We found no statistically significant correlations between urinary I-FABP

and pH of mother’s own milk or maternal dietary intake. Urinary I-FABP values differed

by infant sex (p = 0.03) and infant feeding status (> 50% formula or donor milk vs. <

50% formula or donor milk, p = 0.03). Analysis by groups showed statistically significant

differences (p = 0.04). Preeclamptic participants had a higher intake of whole grains (0.97

oz) than women without preeclampsia (0.69 oz). Mothers with gestational diabetes had a

lower intake of sugar (14.4 tsp) compared to women without diabetes (17.9 tsp) (p =
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0.01). We found no other statistically significant results between groups for maternal diet,

milk pH, or urinary I-FABP.

CONCLUSION

Our findings suggest that additional research on mother’s own milk pH may be

warranted, and that continued education on the importance of a healthy diet and its

benefits during pregnancy is needed. Areas of planned future research include fat intake

calculations and inflammatory measures of the maternal dietary data.
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INTRODUCTION

Complications from preterm birth, defined as birth of an infant before 37 weeks of

gestation, are the leading cause of neonatal morbidity in the world (Liu et al., 2015). In

the United States more than 1 in 10 infants is born premature and rates have been rising

since 2014 (Preterm Birth | Maternal and Infant Health | Reproductive Health | CDC,

2020). Worldwide more than 15 million infants are born preterm each year (Purisch &

Gyamfi-Bannerman, 2017). Preterm infants are at a significant disadvantage compared to

term infants due to immature organ systems. Of interest to our research is immature gut

development and difficulty breastfeeding, common to the preterm infant. These infants

are born with lower diversity in their gut microbiome and may be unable to exclusively

breastfeed, reducing the impact of the mother’s milk, which is rich with bioactive factors

including human milk oligosaccharides, microbes, and immune cells that help establish a

healthy intestinal microbiome. It is well documented that exclusive breastfeeding is the

safest and best route of nutrition for the majority of infants under six months of age.

Breastfeeding provides life-long protections and benefits for both mother (decreased rates

of breast and ovarian cancers, Type 2 diabetes mellitus, and osteoporosis) and child

(including decreased rates of respiratory illness, food allergies, and increased

intelligence) (Victora et al., 2016). A longitudinal study of 107 healthy mother-infant

pairs found statistically significant evidence that mother’s milk helps establish the infant

gut microbiome (Pannaraj et al., 2017).
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During pregnancy and after, the women’s microbiota evolves to aid in the

development of the fetus and keep the mother and child healthy. In mothers, vaginal, oral,

and placental microbiota undergo changes in diversity from trimester to trimester, distinct

from non-pregnant women (Mesa et al., 2020). Additionally, research continues to reveal

that dysbiosis of microbiota in mothers may lead to an increased chance of preterm

delivery, due to factors like placental inflammation (Chen et al., 2020; DiGiulio et al.,

2015). A small study on extremely premature infants’ stool samples found that those

infants exposed to the external environment, e.g. through prolonged preterm premature

rupture of the amniotic membrane (PPROM), had increased levels of pathogenic bacteria

in their gut microbiome from birth through the first month of life (Chernikova et al.,

2016). Preterm infants may, therefore, be at a second disadvantage if their mothers have

unhealthy microbiota, since their intrauterine development is cut short, and their mothers

may not have a healthy diversity of flora to compensate for preterm delivery. For

example, a study analyzing breast milk samples from mothers with and without celiac

disease found that mothers with celiac disease had lower concentrations of TGF-β1 and

Bifidobacterium spp, possibly conferring fewer immunoprotective benefits to their infants

(Olivares et al., 2015).

With disadvantages present before and after, it is important to identify possible

mediators to reduce adverse outcomes in preterm births. Since breastfeeding is promoted

by several regulatory and policy making entities (e.g. W.H.O., UNICEF, and AAP),

studying the composition of breast milk in mothers of preterm infants, in addition to

mothers’ diets, and any effect on the gut microbiome of their infants will provide insight
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on a possibly modifiable pathway. One of the major areas of interest is the high number

of anti-inflammatory bioactive components found in breast milk. Preterm infants are

especially vulnerable to the effects of inflammation, seen in the elevated cases of

necrotizing enterocolitis (NEC) compared to their term counterparts, due to their

underdeveloped intestinal and immune systems (Sharma & Hudak, 2013; Shulhan et al.,

2017).

MATERNAL DIET

There are multiple diets that are suggested for healthier eating patterns in women

who are pregnant or lactating, but most of them suggest the same thing: high intake of

fruits, vegetables, and whole grains and reduced intake of processed foods, as well as

foods and drinks with a high sugar and/or high fat content. However, in a typical Western

dietary pattern, the most common pattern in the United States population, we find a

reversal of these recommendations. The traditional Western diet has been shown to lead

to an imbalance in the gut microbiome, although calorie restriction and exercise can

reverse the change (Duda-Chodak et al., 2015).

Maternal diet during pregnancy has been researched most often for its effect on

birthweight and childhood obesity, but other studies found higher fruit, vegetable, whole

grains intake and lower processed foods intake was especially significant in late

pregnancy to increase bone mass in children (Cole et al., 2009); lower adherence to the

Mediterranean Diet significantly increased the risk of spina bifida in infants (Vujkovic et

al., 2009); a prudent diet may decrease the risk of neural tube defects and congenital heart
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defects, even after adjusting for folic acid intake, versus a Western or Mexican diet

(Sotres-Alvarez et al., 2013).

Research on survivors of the Dutch famine of 1944-45 suggests that mothers

exposed to famine conditions during the third trimester, but not first trimester, gave birth

to infants with lower birth weights, head circumferences, and length (Clausen et al.,

2001). Other studies of people born during the Dutch famine analyzed the long-term

effects, and found that exposure to famine at any point in gestation led to glucose

intolerance and hypertension (Stein et al., 2006). Exposure in early gestation led to

increased coronary heart disease, stress responsiveness, and obesity as adults, as well as

increased risk of breast cancer in women. Mid-gestation famine exposure led to more

obstructive airway diseases (T. Roseboom et al., 2006). Other research supports the

importance of a healthy diet during early pregnancy for a reduced risk of small for

gestational age infants (J. M. D. Thompson et al., 2010). Newer studies focusing on fetal

programming suggest that diet during pregnancy affects the fetus in different ways at

different points in the development and contributes to the development of diseases later in

life, possibly due to dysbiosis established during the critical window from preconception

to 1,000 days after birth (Robertson et al., 2019; T. J. Roseboom, 2019).

Maternal Diet And Preterm Birth

As noted previously, preterm birth increases the risk for inflammation and

associated morbidities in an infant, so studying mediators of preterm birth are important.

Diets high in vegetables and low in carbohydrates or processed foods have been shown to
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reduce the risk of preterm birth, which is of interest for our population (Mitku et al.,

2020). Not all the literature supports this data. One study of 2,768 women in the

Netherlands, 138 of whom spontaneously delivered preterm, found no statistically

significant relationship between fruit or vegetable intake and preterm birth (Baron et al.,

2017).

Assessment of dietary intake using a food frequency survey during weeks 26

through 29 of gestation of more than 3,000 mothers in the Pregnancy, Infection, and

Nutrition (PIN) study in North Carolina identified four main dietary patterns in the

cohort. They found that diets high in collard greens, cabbage or coleslaw, red meats and

processed meats, cornbread, fried chicken and fish, eggs or egg biscuits, gravy, whole

milk, and vitamin C-rich drinks led to greater risk of preterm birth. They also found that

the odds for preterm birth decreased as adherence to the Dietary Approaches to Stop

Hypertension (DASH) eating pattern increased when compared to the lowest quartile in

adherence (Martin et al., 2015).

The DASH eating plan does not specify foods to eat or avoid, but instead outlines

daily and weekly goals for nutritional intake. The plan advises eating vegetables, fruits,

and whole grains, including low-fat or fat-free dairy, fish, poultry, beans, nuts, and

vegetable oils, while limiting saturated and trans fats, sodium, coconut and palm oil

products, and added sugars in food and drinks. It also promotes eating foods rich in

potassium, calcium, magnesium, fiber, and protein (DASH Eating Plan | NHLBI, NIH,

n.d.).
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A study of 66,000 pregnant women in the Norwegian Mother and Child Cohort

Study found similar results using slightly different dietary definitions (Englund-Ögge et

al., 2014). They described three distinct dietary patterns: prudent, e.g. fruits, vegetables,

whole grain cereals, bread high in fiber; Western, e.g. salty and sweet snacks, processed

meats, white bread; traditional Norwegian, e.g. potatoes and fish. Their results show that

the hazard ratio for preterm birth was significantly reduced for the highest third versus

the lowest third in association with high scores in the prudent dietary pattern, which is

similar to the DASH eating pattern, as well as the traditional Norwegian pattern. They did

not find an independent association with the Western pattern and preterm birth. They

state that their results indicate it is more important to focus on increasing intake of fruits,

vegetables, whole grains, and fiber, rather than eliminating highly processed foods,

including fast food and junk food. This study sample excluded mothers from the cohort

with multiple gestation, diabetes, and previous participation.

Adherence to six targets of the Mediterranean Diet, including more than 12

servings each of fruits and vegetables per week, in the end of the first trimester of

pregnancy in a randomized control trial was found to be associated with a reduction in

risk for preterm birth, as well as a composite of maternal-fetal outcomes (CMFCs).

CMFCs were defined as emergency C-section, perineal trauma, pregnancy related

hypertension and preeclampsia, prematurity, large-for-gestational age and/or small for

gestational age (Assaf-Balut et al., 2018).

A study of nearly 60,000 mothers in Denmark showed that a Western dietary

pattern, defined as high intake of meats and fats with low intake of fruits and vegetables,
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was associated with greater odds of preterm birth, due to increased induced preterm

deliveries (OR = 1.66, 95% CI: 1.30, 2.11, comparing the highest to the lowest quintile)

more than spontaneous preterm deliveries (OR = 1.18, 95% CI: 0.99, 1.39) (Rasmussen

et al., 2014).

Maternal Diet And Milk Composition

Comprehensive, direct assessment of maternal diet’s effect on nutritional

composition of breast milk has not been well studied and documented in the literature. A

systematic review from 2016 found only 36 publications with quantitative data on both

maternal diet and breast milk composition (Bravi et al., 2016). This review only assessed

studies of healthy mothers of healthy term infants in original observational or

experimental design studies. Seventeen of the studies focused on fatty acid in breast milk,

while only five found a link between maternal diet and breast milk nutrients; three

showed evidence for fish consumption and high docosahexaenoic acid (DHA) in breast

milk, and two found a positive correlation between vitamin C intake and concentration in

breast milk. A newer human cross-over study in lactating women has found that human

milk oligosaccharides (HMO) levels, a bioactive component of milk, were altered by

different diets and influenced the microbiome composition of milk as well (Seferovic et

al., 2020).
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pH Of Mother’s Own Milk

There are very few studies that include data on the pH of mother’s milk. Human

breast milk has been measured around neutral at a pH of 7 with changes throughout

lactation (Ansell et al., 1977). A study of 309 samples collected from 52 women with

term deliveries found that colostrum, the highly nutritious and immunoprotective breast

milk produced in the first few days of life, had the highest mean pH (7.45) and then

dropped to a pH of 7.04 over the next week, then increasing again to 7.4 at 10 months

(Morriss et al., 1986). A study from 1972 looked at the pH of milk fed to infants in the

first week of life; however, they were assessing the difference between mother’s own

milk and cow’s milk. They did find that increasing the pH of cow’s milk, which is

naturally more acidic than human milk, produced stools with more Lactobacilli than E.

coli, possibly indicating a change in the infants microbiome, and non-alkylated cow’s

milk fed to infants led to a decrease in infant weight (Harrison & Peat, 1972).

In a study on the effects of breast milk pH on gastric pH of preterm infants, the

measured pH of breast milk from women who delivered preterm was on average lower,

but not at a significant level, than term mothers’ breast milk samples, although this was a

very small sample of 16 preterm mother-infant dyads and six term dyads (Gan et al.,

2019). They also documented a shift in pH of the infant gut after feeding on mother’s

milk. This pH shift is necessary for selective proteolysis of α-lactalbumin by the breast

milk enzyme cathepsin D. Variations in pH of the infant gut or mother’s milk may affect

metabolism of certain human milk nutrients that are important for the healthy infant

microbiome.
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MATERNAL COMORBIDITIES’ RELATIONSHIP TO INFLAMMATION

Preeclampsia, defined as late gestational hypertension and proteinuria after 20

weeks of gestation, often results in preterm birth, as treatment is commonly delivery of

the placenta and fetus (Leeman & Fontaine, 2008). The cause of preeclampsia, the most

common medical disorder of pregnancy, is still undetermined; however, systemic

inflammation is one possibility in conjunction with a dysregulated placental microbiome

(Dasinger et al., 2020; Lv et al., 2019). The Lv study also found that infants’ APGAR

scores and birth weight were negatively correlated with the additional genera of bacteria

found in their preeclamptic mothers. Studies have shown that the placental microbiome is

more closely associated at the taxonomic family level with the oral microbiome than the

vaginal or gut microbiome, and that it serves in fatty acid metabolism, creating

metabolites that supply energy to the developing fetus (Gomez-Arango et al., 2017).

Mothers with gestational diabetes and their infants both showed similar variances in

microbiota, presenting evidence for maternal microbiome changes being passed down

from one generation to the next (Wang et al., 2018). These changes and lack of diversity

in the microbiome, called the “missing microbe hypothesis,” proposes that lack of certain

microbiota causes suboptimal immune development with each successive generation

(Forgie et al., 2020).

IFABP AS A FRACTION OF TOTAL INTESTINAL PROTEIN

Intestinal fatty acid-binding protein (I-FABP), a non-invasive marker of

gastrointestinal (GI) tract inflammation, is of diagnostic and prognostic value in GI
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pathologies during infancy (Coufal et al., 2020; Gregory et al., 2014). The kidney readily

excretes the small protein, so tests can detect I-FABP in both urine and plasma within

hours of GI damage (Lieberman et al., 1997). During an intestinal mucosal injury,

I-FABP is secreted into the bloodstream from mature enterocytes if the membrane of the

cell is damaged (J. P. M. Derikx et al., 2007). Results from recent studies indicate I-FABP

may be useful as a biomarker for diagnosis of diseases of the GI tract, specifically

necrotizing enterocolitis (Bottasso Arias et al., 2015; Joep P. M. Derikx et al., 2009;

Evennett et al., 2010; Gregory et al., 2014). The role of other FABPs, specifically

adipocyte FABP and epidermal FABP, has been established in metabolic and

inflammatory diseases such as diabetes, asthma, and atherosclerosis (Furuhashi &

Hotamisligil, 2008).
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SPECIFIC AIMS

The goals of this paper are to assess the demographic factors affecting maternal

diet and look for correlations between maternal diet, pH of mother’s own milk, and

intestinal inflammation in the preterm infant. We aim to use mother-infant dyads’ data

from the Dietary Screener Questionnaire completed by the maternal participants,

mother’s own milk samples collected from the feeds of the preterm infants, and urine

samples from the preterm infants.

We will test the data on three levels: first, an analysis of the role of demographic

factors on maternal diet; second, an analysis of the influence of maternal diet on the

intestinal inflammation of the preterm infant as measured by urinary I-FABP as a fraction

of total intestinal protein; third, an exploratory analysis of the pH of the mother’s own

milk samples, evaluating the influence of both maternal diet on pH and pH on the

intestinal inflammation of the preterm infant by the same urinary I-FABP measure.

AIM 1: Compare the diet of women who give birth preterm to women who do not give

birth preterm.

AIM 2: Explore milk pH as a crude measure of maternal diet’s influence on mother’s own

milk, as compared to other established aspects of human milk.

AIM 3: Analyze various nutrition factors within the maternal diet and assess what, if any,

influence they may have on preterm infant health outcomes.

AIM 4: Analyze the influence of the pH of human milk on preterm infant outcomes.
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METHODS

STUDY DESIGN AND POPULATION

The study population consists of infants enrolled in the Baby Biome Tissue Bank

Repository (Protocol # 2016P001020), who were hospitalized in the Neonatal Intensive

Care Unit (NICU) at a large New England hospital between September 2019 and January

2020, and their mothers. All mothers were eligible to complete the 26-question Dietary

Screener Questionnaire (DSQ), and any mother who finished the questionnaire and

returned it to the study team is included in the descriptive analysis (n = 45). Mothers were

given the DSQ after enrollment in the Baby Biome study, anytime in the two weeks after

birth and infant admission to the NICU. Instructions on the DSQ stated, “These questions

are about foods you ate or drank during the past month, that is, the past 30 days. When

answering, please include meals and snacks at home, at work or school, in restaurants,

and anyplace else;” however, we specified when distributing the questionnaire that

mothers should try to recall dietary intake during the 30 days leading up to delivery.

Mothers completed the DSQ on their own, so it is possible that some mothers included

diet after delivery, as well. We checked each questionnaire for completion and noted

inconsistencies or missing information when the data were entered into spreadsheets for

analysis.

Recruitment of participants was limited to infants in the NICU and their mothers

given the tissue bank repository is dedicated to the investigation of problems associated

with preterm birth. Inclusion criteria for the Baby Biome repository is a live born infant
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admitted to the NICU and at a gestational age less than or equal to 34 weeks. An infant

was excluded if he or she was not expected to survive beyond 48 hours following birth,

or if the infant was expected to be discharged prior to 48 hours following birth for care at

an outside institution. Of the 53 infants whose mothers completed a DSQ, 37 infants (five

sets of twins) were also included in a longitudinal microbiome case-control study funded

by the National Institute of Health (NIH). The inclusion criteria for the microbiome

cohort was enrollment in the Baby Biome repository and at least two of each feeding,

urine, and blood sample per hospitalization, with each sample collected once every two

weeks. A case was defined as predominantly or exclusively (> 50%) fed mother’s own

milk, and a control as predominantly or exclusively (> 50%) fed human donor milk

and/or formula. Blood sample analysis was not performed in time for inclusion in this

paper. Of the 37 infants in both the NIH microbiome cohort and DSQ cohort, there were

27 case infants and 10 control infants. Our final subgroups for analysis consisted of 33

infants (five sets of twins) with a qualifying urine sample and 11 infants with a qualifying

mother’s own milk sample. Eight of the infants were included in both the urine and pH

analysis subgroups (Figure 1).
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Figure 1. Schema for Population Subgroups. The infant of any mother who completed a
Dietary Screener Questionnaire was included in the descriptive analysis. Two further subgroups
were identified within this cohort based on availability of a urine sample for I-FABP analysis
and/or a mother’s own milk sample for pH analysis.

CLINICAL ABSTRACTION

We abstracted from the electronic medical records (EMR; Epic Systems, Inc.

Madison, WI) a limited dataset for the infant participants, which included demographic

and clinical characteristics: race and ethnicity, gestational age, sex, birth weight, mode of

delivery, primiparity, multiple gestation, SNAP-II and SNAPPE-II scores, weight for age
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percentage and z-scores, and length of stay in the NICU. The dataset for the maternal

participants included the following demographic and clinical characteristics: race and

ethnicity, age, BMI at the time of delivery, diabetes status and type, chronic hypertension,

and preeclampsia diagnosis. In the cases where infant race and/or ethnicity were not

documented in the EMR, the mother’s race and/or ethnicity, if documented, were

recorded as the infant’s race and/or ethnicity.

DIETARY SCREENER QUESTIONNAIRE DATA PROCESSING AND SCORING

The Dietary Screener Questionnaire (DSQ) is a validated and reliable tool to

estimate daily dietary intake. We used the data processing procedures outlined on the

DSQ website (F. E. Thompson et al., 2017), which are based on the National Health and

Nutrition Examination Survey 2009-2010 (NHANES) 24-hour dietary recall and DSQ

data. More than 7500 Americans, including children as young as two years old through

adults 69 years old, were surveyed for the NHANES 2009-2010. Members of the

National Cancer Institute (NCI) research team developed scoring algorithms to convert

an individual’s DSQ responses to estimates of dietary intake of the exposures for fruits

and vegetables (cup equivalents), dairy (cup equivalents), added sugars (teaspoon

equivalents), whole grains (ounce equivalents), fiber (g), and calcium (mg).

Participants reported frequency of intake on the DSQ using a rate and time unit

ranging from options of “Never” and “1 time last month” to “6 or more times per day”

with some variation between food and drink items. Using the provided conversions, we

transformed all frequency responses to a common unit of time (times per day). Then we
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compared all participants’ converted frequency responses for each food item against the

maximum acceptable daily frequency values as calculated by the NCI research team. We

identified no extreme values in our questionnaire responses.

Next we categorized the two most frequently consumed cereal types reported by

each participant into a tertile for four dimensions: density of added sugars, whole grains,

fiber, and calcium. Each dimensional category tertile has distinct portion size and

regression coefficients for the scoring algorithm. Respondents were provided with a list

of 391 cereals, both generic and name brand, with 283 of the listed cereals considered

distinct entities. We then weighted each cereal frequency by the order in which it was

reported on the DSQ. The first reported cereal was weighted at 0.75 and the second at

0.25. For participants who reported more than two cereals, only the first two were

considered in the scoring algorithm.

The scoring algorithm utilizes a regression model where the dependent variable is

the dietary intake of each exposure from the NHANES 24-hour recall, mentioned above,

and the independent variables are, for each food item, the intake reported by individuals

on the DSQ and sex-age specific portion size estimates. We used the provided variable

for the adult age group (18-69 years) in our scoring calculations, as well as the age-sex

specific median portion size and sex-specific regression coefficients for each food item.

After converting all responses to estimates of dietary intake for fruits and vegetables,

dairy, added sugars, whole grains, fiber, and calcium, we compared the participants’

estimated daily intake values with recommended values for sex-age specific groups,

19-30 years and 31-50 years of age.
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We used the Dietary Guidelines for Americans, 2020-2025 (DGA, 2020-2025),

published by the U.S. Department of Agriculture (USDA) and U.S. Department of Health

and Human Services (HHS), as our source for recommended values (U.S. Department of

Agriculture and U.S. Department of Health and Human Services, 2020). Of note, we

administered the DGA, 2020-2025 to participants from August 2019 to January 2020, but

new dietary guidelines, which are updated every five years, were released in December

2020. Additionally, recommendations for women who are pregnant or lactating were

included in the 2020-2025 edition, the first time this distinction has been made since the

USDA began publishing the DGA in 1980. Results from the questionnaires were

compared to the 2015-2020 recommendations for women by age group and the newly

released 2020-2025 recommendations specifically for pregnant women in their third

trimester by age group. Since the DGA classifies recommended added sugars intake as a

percentage of daily calories consumed, we converted the caloric intake value to teaspoons

for comparison with our data. Therefore, 260 calories (10% of a 2600 calorie diet

recommended for pregnant women in the third trimester in the 18-30 age group)

converted to 15.6 teaspoons. For pregnant women in the third trimester in the 31-50 age

group a 2400 calorie diet is recommended, which we converted to 14.4 teaspoons.

pH MEASUREMENT

Frozen mother’s own milk samples (2 ml) were thawed overnight in a refrigerator

at 4 °C, after which they were centrifuged at 15,000 x g at room temperature. A sterile

cotton-tipped swab was used to remove the fat layer, and the supernatant was transferred
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into a new microcentrifuge tube. The tubes were submerged in a water bath at 37 °C to

simulate normal physiological temperature. The pH measurements of the milk

supernatant were made using a digital pH-meter (HI5221, Hanna Instruments, Smithfield,

RI) equipped with an extended length glass electrode with a micro bulb and calibrated

with pH 4.0 and 7.0 buffers.

INTESTINAL INFLAMMATORY PROTEIN MEASUREMENT

As described in previous research from our laboratory, urine samples were

collected by bedside nurses in the NICU according to the IRB approved protocol (Shelly

et al., 2021). Clean cotton balls in sample bags were distributed by the study team each

week and placed by NICU nurses in clean diapers. Saturated cotton balls were placed in a

specimen bag, refrigerated at 4 ˚C during storage, then processed by the research team (<

48 hours). During processing, urine samples (< 2.0 mL) were collected into a

microcentrifuge tube using aseptic techniques, then frozen immediately (-80 ˚C) awaiting

analysis. All frozen samples were thawed at room temperature in preparation for analysis.

The R&D Systems enzyme linked immunosorbent assay (ELISA) kit

(Minneapolis, MN) was used to measure urinary intestinal fatty acid binding protein

(I-FABP) in the infant urine samples. First, all samples were diluted five-fold in a buffer

supplemented with 1% bovine serum albumin (R&D Systems). To obtain accurate

measurements, any samples with levels that fell outside the assay detection range were

repeatedly tested: undiluted, for levels below the detection range, or diluted up to

500-fold, for levels above the detection range. The Pierce bicinchoninic acid (BCA) assay
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(Thermo Scientific, Rockford, IL; Gregory et al., 2014) was used to normalize results of

each urine analyte by adjusting for total protein (TP) concentrations (µg/mL), so they

could be screened for TP at 20-fold dilution in phosphate buffered saline (PBS) (Gibco,

Thermo Scientific, Rockford, IL). As before, samples with levels that fell below or above

the assay detection range were repeatedly tested undiluted or diluted up to 200-fold,

respectively. The adjusted I-FABP levels were expressed as pg/mg urinary TP.

DATA SELECTION AND STATISTICAL ANALYSIS

Urinary I-FABP and pH of mother’s own milk values were obtained from data

generated using samples from an existing tissue bank repository. Urine samples collected

within the first 21 days of life (DOL) were used for analysis (mean 10.1 ± 4.9 days). For

infants with more than one urine sample within the timeframe of 21 days, the sample in

closest proximity to the mean DOL (mean 10.2 ± 6.0 days), calculated from infants with

only one sample ≤ 21 DOL, was chosen. Each infant had only one mother’s own milk

sample that was both expressed (mean 10.3 ± 5.9 days) and fed (mean 11.8 ± 6.4 days) to

an infant within the first 21 days.

Stata® version 14.2 (College Station, TX; Stata) was used to perform statistical

analysis. Results are reported as mean (standard deviation) for normally distributed data

and median (interquartile range [IQR]) for skewed data. Categorical variables are

reported as number (percentage). Normality was assessed using Shapiro-Wilk test.

Mann-Whitney U test was used to evaluate differences between groups with continuous
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variables. Chi-square test was used to assess differences between groups for categorical

variables with a p-value of 0.03.

Spearman’s Correlations were carried out to assess relationships between DSQ

equivalents and urinary I-FABP levels, as well as pH of mother’s own milk samples. The

level of statistical significance was determined by a p-value of <0.05. Preliminary

unadjusted linear regressions were used to explore relationships between DSQ

equivalents and both pH of mother’s milk as well as log transformed urinary I-FABP

concentrations. We ran Kruskal Wallis tests to determine if there were differences in milk

pH, maternal dietary intake, and urinary I-FABP between maternal participants with a

maternal comorbidity (preeclampsia or gestational diabetes) and participants without.
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RESULTS

STUDY POPULATION

The mean age of the maternal population was 34 years old (Table 1a). The

majority of mothers reported race as White (60%) in their EMRs, as well as a majority

(80%) reporting ethnicity as not Hispanic or Latino. For about half (51%) of the mothers,

this was their first birth, and a third of the population delivered by Caesarean section.

Nine of the mothers had multiple gestations (20%), but one mother suffered an

intrauterine fetal demise of one twin, so our infant study population consists of only eight

sets of twins. Two mothers had Type 2 Diabetes (4%) and seven mothers had Gestational

Diabetes (7%). preeclampsia was diagnosed in nine mothers (20%) and chronic

hypertension in three (7%) with one mother falling into both categories. The mean BMI

at delivery was 30.1, recorded from the anesthesiology note in the EMR, or the delivery

summary if no anesthesia note was available.

The mean gestational age of preterm infants was 30 weeks and 3 days with a

mean birth weight of 1464.7 grams ± 452 grams (Table 1b). The gestational age of infants

ranged from 25 weeks and 1 day old to 33 weeks and 6 days old with a slightly negative

skew of -0.2. The infant population consisted of 29 females (55%) and 24 males (45%)

and eight sets of twins. The race and ethnicity of the infants were the same as their

mothers’ race and ethnicity, except for one set of twins whose race was reported as more

than one race in the EMR and whose mother’s race was white.
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Table 1a. Demographic and Clinical Characteristics of Maternal Participants. The mean
(standard deviation) is defined for the continuous study variables and marked with an asterisk.
The categorical variables are defined by number (percent).

Characteristic Participants, n = 45

n (%)

Age* 34.1 (5.8)

Race

      Asian 4 (8.9)

      Black or African American 8 (17.7)

 White 27 (60.0)

 Not Reported/Unknown 6 (13.3)

Ethnicity

 Hispanic/Latino 6 (13.3)

 Not Hispanic/Latino 36 (80.0)

 Not Reported/Unknown 3 (6.7)

Primigravida 23 (51.1)

Multiple Gestation 9 (20.0)

Caesarean section 30 (66.7)

Previous Preterm Birth 9 (20.0)

Maternal Comorbidities

 Diabetes 9 (20.0)

  Type 2 2 (4.4)

  Gestational 7 (15.6)

 preeclampsia 9 (20.0)

 Chronic Hypertension 3 (6.7)

 GBS at Delivery 12 (26.7)

 Previous or Current Tobacco Use 4 (8.9)

BMI at Delivery* 30.1 (5.8)
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Table 1b. Demographic and Clinical Characteristics of Neonatal Participants. The mean
(standard deviation) is defined for the continuous study variables that are normally distributed and
marked with an asterisk. The median [interquartile range] is reported for skewed data and marked with
two asterisks. The categorical variables are defined by number (percent).

Characteristic Participants, n=53

n (%)

Gestational Age of Infant (weeks)* 30.4 (2.5)

Sex

 Female 29 (54.7)

 Male 24 (45.3)

Race

 Asian 5 (9.4)

 Black or African American 8 (15.1)

 White 30 (56.6)

 More than One Race 2 (3.8)

 Not Reported/Unknown 8 (15.1)

Ethnicity

 Hispanic/Latino 7 (13.2)

 Not Hispanic/Latino 43 (81.1)

 Not Reported/Unknown 3 (5.7)

Birth Weight (grams)* 1464.7 (451.8)

Olsen Weight for Age Percentage* 42.8 (27.7)

Weight for Age z-score* -0.2 (0.9)

SNAP-II Score** 6.8 [9]

SNAPPE-II Score** 13 [19]

Sepsis or Late Onset Sepsis 5 (9.4)

Length of Stay (days)* 62.1 (32.2)

Disposition at Discharge

 Home 49 (92.5)

 Other Facility 4 (7.5)
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DIETARY SCREENER QUESTIONNAIRE

None of the maternal participants met all the recommended guidelines surveyed

for by the DSQ (Table 2). For the categories of vegetables, whole grains, and fiber, all of

the maternal participants (n = 45) fell below the recommendation. Only one participant

met the recommendation for fruits and a single separate participant met the

recommendation for dairy. The nutritional goal for calcium was met by the greatest

number (n = 12) of maternal participants, which was calculated from estimated daily

intake of 25 foods and drinks with both positive correlations for intake, such as fruit,

salad, milk, and cheese, and negative correlations, such as fruit juices, salsa, and soda.

Nine of our mothers reported drinking only almond milk and no dairy milks, and five

mothers reported never drinking dairy or other non-dairy milks. Additionally, only 5

mothers consumed less than 10 percent of their caloric intake in the form of sugar.

Red meat and processed meat intake are collected by the DSQ, but not included in

the scoring procedure. Eight of our mothers answered they never ate red meat in the

month before delivery, and 13 reported never eating processed meats. Six mothers

reported never eating either red meat or processed meats. On the high end of

consumption, two mothers reported eating processed meats 3-4 times per week, and six

mothers reported eating red meat 3-4 times per week, with one mother reporting eating

red meat once per day.
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Table 2. Dietary Intake of Maternal Participants Prior to Preterm Delivery. The daily
nutritional goals are based on the Dietary Guidelines for Americans, 2020-2025 age-trimester
specific values for women who are pregnant or lactating from the U.S. Department of Agriculture
and U.S. Department of Health and Human Services. The range of values for added sugars, fiber,
and whole grains goals reflects the different recommendations based on age group. All other
variables did not differ by age. As defined by the USDA, a one ounce-equivalent (oz-equiv) of
100% whole grains has 16 grams of whole grains. The median [interquartile range] is reported for
non-normal distributed data. N = 45.

Daily Nutritional Goals for Third
Trimester

Maternal Intake Meeting Goal

Median [IQR] n (%)

Dairy (3 cups) 1.6 [0.6] 1 (2.2)

Fruits (2 cups) 1.0 [0.6] 1 (2.2)

Vegetables (3 cups) 1.4 [0.4] 0 (0.0)

Added Sugar (14.4-15.6 tsp) 17.1 [4.7] 5 (11.1)

Fiber (31-34 g) 18.3 [5.5] 0 (0.0)

Calcium (1000 mg) 867.4 [190.9] 12 (26.7)

Whole Grains (3.5-4 oz-equiv) .707 [0.3] 0 (0.0)

pH OF MOTHER’S OWN MILK

The  mean pH of breast milk samples from our population was 6.77 ± 0.2 with a

range from pH 6.16 to 7.29 (Table 3). We collected additional data on the DOL mothers

expressed the breast milk sample (mean 9.4 ± 5.1 days) and the DOL it was fed to their

infant (mean 10.7 ± 5.4 days), which is the same day the sample was collected for this

study. Both expression and collection dates were recorded for analysis at the maternal and

infant level.
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Table 3. Mother’s Own Milk Samples. For this study the day of birth is considered 1 day of
life. The mean (standard deviation) is defined for the continuous study variables that are normally
distributed. N = 11.

Mother’s Own Milk Measures Mean (SD)

Day of Life Expressed 9.4 (5.1)

Day of Life Collected and Fed 10.7 (5.4)

pH at 37 ˚C 6.77 (0.2)

URINARY I-FABP

The mean DOL urine samples were collected was 10.1 ± 4.9 days (Table 4). Raw

urinary I-FABP (mean 4087.4 ± 11,761.3 pg/mL) and urinary total protein (mean 13.8 ±

7.1 mg/mL) are reported, as well as the log transformed data. The concentration of

I-FABP per TP was 5.5 pg/mg ± 1.6. The amount of urinary I-FABP measured covered a

very wide distribution from 7.63 pg/mL to 62,822 pg/mL.

Table 4. Urine Samples. The mean (standard deviation) is defined for the continuous study variables
that are normally distributed. The median [interquartile range] is reported for skewed data and marked
with an asterisk. Urinary I-FABP and Urinary I-FABP per Total Protein data was log-transformed for
analysis due to a lack of normal distribution. N = 33.

Urinary I-FABP and Total Protein Measures Mean (SD) Median [IQR]

Day of Life Collected 10.1 (4.9)

Urinary Total Protein (mg/mL)* 13.8 [7.1]

Urinary I-FABP (pg/mL)* 4087.4 [11761.3]

ln-Transformed Urinary I-FABP 8.1 (1.9)

Urinary I-FABP per Total Protein (pg/mg)* 248.7 [675.56]

ln-Transformed Urinary I-FABP per Total Protein 5.5 (1.6)
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RELATIONSHIPS BETWEEN MATERNAL DIET, pH, AND I-FABP

Whether or not a mother met the guidelines for added sugars intake differed by

maternal race (p = 0.03) for those mothers whose race was specified in the EMR. We

found no statistically significant correlations between maternal diet and any other

maternal characteristics.

There were no differences in pH of mother’s own milk based on maternal

characteristics. However, statistically significant negative correlations were found

between the pH of mother’s breast milk and maternal intake of fiber and whole grains, as

well as positive correlations between added sugars and fruit intake and fiber and

vegetable intake (r = 0.20, p < 0.05)  (Table 5a).

We found no statistically significant correlations between pH of mother’s own

milk and urinary I-FABP. Urinary I-FABP values differed by infant sex (p = 0.03) and

infant feeding status (> 50% formula or donor milk vs. < 50% formula or donor milk, p =

0.03). We did not find any significant correlations between maternal dietary intake and

I-FABP (Table 5b).

Other statistically significant correlations were found in the Spearman’s

correlations, as might be expected, between intake of the different DSQ food groups. In

Table 5b, fiber and vegetable intake and whole grains and fiber intake were significantly

positively correlated (r = 0.26, p < 0.05). In Table 5c our results show that fruit intake

was positively correlated with vegetable, fiber, and whole grain intake, vegetable intake

was positively correlated with fiber and whole grain intake, and added sugars and whole

grains intake was positively correlated with fiber intake (r = 0.17, p < 0.05).
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Table 5a. Spearman's Rank Correlation Coefficients for pH of Mother’s Own Milk at 37 ˚C. Statistically significant correlations
between pH and daily intake as measured by the Dietary Screener Questionnaire are marked with an asterisk. Spearman rho is 0.203 and
the p-value is <0.05.
Variables (1) (2) (3) (4) (5) (6) (7) (8)
(1) pH at 37 ˚C 1.000
(2) Dairy 0.154 1.000
(3) Fruit -0.382 -0.245 1.000
(4) Vegetables -0.497 0.077 0.350 1.000
(5) Added
Sugars

-0.266 -0.322 0.634* 0.007 1.000

(6) Fiber -0.622* -0.273 0.273 0.783* 0.287 1.000
(7) Calcium -0.371 -0.217 0.067 -0.147 0.238 0.140 1.000
(8) Whole
Grains

-0.790* -0.175 0.389 0.385 0.538 0.559 0.203 1.000

Table 5b. Spearman's Rank Correlation Coefficients for Urinary I-FABP per Total Protein. Statistically significant correlations
between urinary I-FABP and daily intake as measured by the Dietary Screener Questionnaire are marked with an asterisk. Spearman rho is
0.2641 and the p-value is <0.05.
Variables (1) (2) (3) (4) (5) (6) (7) (8)
(1) I-FABP/TP 1.000
(2) Dairy -0.243 1.000
(3) Fruit 0.073 0.214 1.000
(4) Vegetables 0.170 0.332 0.284 1.000
(5) Added Sugars 0.288 -0.009 -0.006 -0.107 1.000
(6) Fiber 0.193 0.131 0.235 0.501* 0.295 1.000
(7) Calcium 0.302 0.111 0.063 0.270 0.300 0.263 1.000
(8) Whole Grains -0.180 0.042 0.112 0.228 0.219 0.548* 0.264 1.000
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Table 5c. Spearman's Rank Correlation Coefficients for Maternal BMI at Time of Delivery. Statistically significant correlations
between maternal BMI and daily intake as measured by the Dietary Screener Questionnaire are marked with an asterisk. Spearman rho is
0.171 and the p-value is <0.05.
Variables (1) (2) (3) (4) (5) (6) (7) (8)
(1) Maternal BMI 1.000
(2) Dairy 0.198 1.000
(3) Fruit -0.260 0.185 1.000
(4) Vegetables -0.198 0.213 0.400* 1.000
(5) Added Sugars -0.191 0.014 0.217 -0.013 1.000
(6) Fiber -0.172 0.054 0.424* 0.585* 0.328* 1.000
(7) Calcium -0.186 0.163 0.034 0.158 0.291 0.213 1.000
(8) Whole Grains -0.077 0.105 0.328* 0.309* 0.283 0.480* 0.171 1.000
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In the raw unadjusted regression analysis in Table 6a, mother’s own milk pH was

inversely associated with intake of fiber (p < 0.05, with an R2 of 0.47) and whole grain (p

< 0.01, with an R2 of 0.65), as in the Spearman’s correlation analysis, in addition to an

inverse relationship with vegetable intake (p < 0.1, with an R2 of 0.25). We have no

significant results to report for the analysis of the log transformed urinary I-FABP data

and DSQ food groups (Table 6b). Dairy and whole grains intake were the only two

negative relationships, although not statistically significant.

Results from Kruskal Wallis tests, analyzed by groups (preeclampsia vs healthy,

diabetes vs healthy) showed a statistically significant difference (p = 0.04) between

maternal participants diagnosed with preeclampsia, who had a higher intake of whole

grains (0.97 oz), and women without preeclampsia (0.69 oz). Mothers with gestational

diabetes had a lower intake of sugar (14.4 tsp) compared to women without diabetes

(17.9 tsp), which was statistically significant (p = 0.01). We found no other statistically

significant results between groups for maternal diet, milk pH, or urinary I-FABP.
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Table 6a. Raw Unadjusted Regression of pH of Mother’s Own Milk at 37 ˚C and Daily Intake Groups. Statistically significant
relationships between pH and daily intake as measured by the Dietary Screener Questionnaire are marked with an asterisk. Standard errors
are listed in parentheses. p-values are as follows: *** p<0.01, ** p<0.05, * p<0.1.

(1) (2) (3) (4) (5) (6) (7)
pH at 37 ˚C pH at 37 ˚C pH at 37 ˚C pH at 37 ˚C pH at 37 ˚C pH at 37 ˚C pH at 37 ˚C

Dairy .126
(.094)

Fruit .123
(.173)

Vegetables -.408*
(.224)

Added Sugars .005
(.032)

Fiber -.045**
(.015)

Calcium 0
(.001)

Whole Grains -1.233***
(.287)

Constant
Coefficient

6.521*** 6.58*** 7.339*** 6.633*** 7.503*** 7.048*** 7.481***

(.169) (.214) (.349) (.57) (.271) (.605) (.185)
Observations 12 12 12 12 12 12 12
R-squared .152 .048 .248 .002 .47 .029 .648
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Table 6b. Raw Unadjusted Regression of ln-Transformed Urinary I-FABP per Total Protein Measurements and Daily Intake
Groups. The urinary I-FABP data were log transformed due to lack of normality. There were no statistically significant relationships
between ln-transformed I-FABP and daily intake as measured by the Dietary Screener Questionnaire. Standard errors are listed in
parentheses. p-values are as follows: *** p<0.01, ** p<0.05, * p<0.1.

(1) (2) (3) (4) (5) (6) (7)
I-FABP/TP I-FABP/TP I-FABP/TP I-FABP/TP I-FABP/TP I-FABP/TP I-FABP/TP

Dairy -.44
(.733)

Fruit .211
(.698)

Vegetables 1.6
(1.021)

Added Sugars .093
(.085)

Fiber .062
(.093)

Calcium .003
(.002)

Whole Grains -.223
(1.057)

Constant
Coefficient

6.149*** 5.224*** 3.067* 3.843** 4.292** 2.989* 5.636***

(1.17) (.881) (1.564) (1.51) (1.792) (1.577) (.837)
Observations 27 27 27 27 27 27 27
R-squared .014 .004 .089 .046 .018 .093 .002
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DISCUSSION

Our objective with this study was to analyze at multiple levels the relationships

between sociodemographic factors, maternal diet, pH of breast milk, and infant

inflammation. We also wanted to assess the dietary pattern of our population of mothers

who delivered preterm in comparison to other populations, as well as explore the

possibility of using pH of mother’s own milk in future research.

DEMOGRAPHICS

The estimated race and ethnicity for the population of Boston in 2019 as reported

by The U.S. Census Bureau is 52.8% White, 25.2% Black or African American, and

9.7% Asian with 5.3% of the population estimated as more than one race. The estimated

population that is Hispanic and/or Latino is 19.8% (U.S. Census Bureau QuickFacts,

n.d.). Estimates are extrapolated from self-reported data. Our demographic make-up is

60% White, 18% Black or African American, and 9% Asian with 13% of the respondents

reporting Hispanic and/or Latino ethnicity in their EMR.

The rate of preeclampsia in our population was 20%, which is much higher than

the reported 3% to 7% of all pregnancies (Preeclampsia: MedlinePlus Medical

Encyclopedia, n.d.). One study of 238 women, reported 87 women diagnosed with

preeclampsia delivered preterm (36.6%) at a mean gestational age of 33.3 ± 3.4 weeks,

which is even higher than in our population (Johnson et al., 2015). The percentage of
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mothers in our population with gestational diabetes was also higher than the 6% to 9%

reported by the CDC (Diabetes During Pregnancy | Maternal Infant Health |

Reproductive Health | CDC, 2019). One study found, however, that rates of preterm birth

before 32 weeks was higher in women without gestational diabetes (Leon et al., 2016).

Our modest sample size and restriction of population to the NICU may account for these

differences.

DIETARY GUIDELINES

The Dietary Guidelines for Americans, 2020-2025 (DGA, 2020-2025)

recommends the Healthy U.S.-Style Eating Pattern, which “is based on the types and

proportions of foods Americans typically consume but in nutrient-dense forms and

appropriate amounts” (USDA and HHS, 2020). Recommendations for the Healthy

Vegetarian and Mediterranean-Style Eating Patterns are also included in Appendix 3. As

with our population, the current average intakes reported in the DGA, 2020-2025, show

that pregnant women surveyed for the NHANES 2013-2016 fall below the recommended

intake ranges for vegetables, fruits, dairy and whole grains (Figures 2a-b). As the DSQ is

a self-reported measure that asks for retrospective data, some amount of recall bias is

expected. On average, our participants consumed half of what was recommended, except

for whole grains (mean 0.707 ± 0.3 oz-equiv; recommended 3.5-4 oz-equiv) and added

sugars, which they exceeded. The percentage of mothers in our population not exceeding

the added sugars recommendation (11.1%) was much lower than the 30% reported in the

DGA, 2020-2025.
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Figure 2a. Current Intakes: Women Who Are Pregnant or Lactating. Recommended intake
ranges and current average intakes are shown for total vegetables, fruits, grains, dairy, and protein
foods, as well as added sugars, saturated fats, and sodium. Source: Dietary Guidelines for
Americans, 2020-2025.
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Figure 2b. Average Intake of Subgroups Compared to Recommended Intake Ranges:
Women Who Are Pregnant or Lactating. Recommended intake ranges and current average
intakes are shown for total vegetables and subgroups, total grains and subgroups, and total protein
foods and subgroups. Source: Dietary Guidelines for Americans, 2020-2025.
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Our results also line up with evidence presented in the literature that most women

are not meeting recommended guidelines for nutrition during pregnancy. The Prenatal

Health Project asked 2313 pregnant women in London, Ontario about their diet using a

FFQ and found that only 3.5% met the guidelines set out by the 2007 Eat Well with

Canada’s Food Guide. Of the four food groups specified, fruit and vegetables, grain

products, milk and alternatives, and meat and alternatives, 15.3% did not meet the

recommendations for any (Fowler et al., 2012).

The NHANES is a more comprehensive survey than the DSQ, so information

about protein, saturated fats, and sodium intake are included in the average intake data for

women who are pregnant and lactating. Data for specific types of vegetables, grains, and

protein foods is included, which is also not collected in the DSQ. Future research could

utilize a more detailed survey to collect information about intake in more food groups and

micronutrients and their effects on maternal and infant outcomes, as used in other studies

(Martin et al., 2015; Waksmańska et al., 2020; Wang et al., 2018). There is also the

possibility for evaluating maternal diet preconception. Research has shown that higher

intake of protein-rich foods, fruit, and whole grains during the year leading up to

conception, as reported retrospectively by mothers, is associated with a reduced

likelihood of preterm delivery (Grieger et al., 2014).

Maternal Diet and Characteristics

The literature shows that pregnant women who are older, more educated,

non-white, exercise more, or have higher incomes have healthier dietary patterns.
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Pregnant women who are younger, smokers, overweight, or have higher parity have a less

healthy diet (Northstone et al., 2008; Wall et al., 2016). A major limitation in this study is

that we did not collect education attainment data from our maternal participants at the

time of enrollment, although we plan to in the future. Maternal education level is a

primary predictor of birth outcomes in the United States, such as preterm delivery and

infant mortality (Ely & Driscoll, 2019).

The recommendation for calcium intake (1000 mg) was met by the largest number

(n = 12) of maternal participants in this study. The mean intake, however, was only 867.4

± 190.9 mg.  Thirteen studies included in a Cochrane meta-analysis showed that a

high-dose calcium supplement (≥ 1 g/day) reduced the risk of preeclampsia in women

with low calcium diets (Hofmeyr et al., 2014). The greatest reduction was found in

women with higher risk of preeclampsia. Our analysis of preeclamptic mothers versus

healthy mothers in our population showed no statistically significant difference in

between the groups in calcium intake.

The only significant difference we found between groups was whole grains

intake; maternal participants diagnosed with preeclampsia had a higher mean intake (0.97

oz-equiv) than women without preeclampsia (0.69 oz-equiv). Both of these groups fall far

below the recommendation of 3.5-4 oz-equiv daily. Whole grains are recommended in

almost all dietary guidelines, and meta-analyses and systematic reviews have found that

diets high in whole grains lowered the risk for preterm birth, and a Norwegian study

found lower risk of preeclampsia and preterm birth (Chia et al., 2019; Gete et al., 2020;
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Hillesund et al., 2014). The results may reflect an attempt by participants  to improve

dietary intake after a preeclampsia diagnosis, rather than any causal link.

Whether or not a mother met the guidelines for added sugars intake differed by

maternal race (p = 0.03). We also found a statistically significant difference between

intake of added sugars in mothers with gestational diabetes, who had a lower intake (14.4

tsp), compared to women without diabetes (17.9 tsp). It is likely that our results reflect

the fact that gestational diabetes is often managed with dietary intervention. Future

research could include more detailed interviews with maternal participants about any

changes to their diet due to a medical condition diagnosed during pregnancy.

pH of Mother’s Own Milk

To our knowledge, this is the first study to investigate pH of mother’s own milk in

relation to maternal diet and intestinal inflammation in preterm infants. The results from

our exploratory analysis of a small sample size (n = 11) show that the pH of the samples

of mother’s own milk (mean 6.77 ± 0.2) fall within the reported range for preterm breast

milk from one previously published study (Gan et al., 2019). In our analysis, we found

that whole grains and fiber intake was significantly inversely related to mother’s own

milk pH. All other food groups were inversely correlated at non-statistically significant

levels with pH, except for dairy. There were no differences in pH of mother’s own milk

based on maternal characteristics or between groups (preeclampsia vs healthy; diabetic vs

healthy).
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Differences in fiber intake have been shown to modify the maternal gut

microbiome in overweight and obese women who were pregnant (Gomez-Arango et al.,

2018). Women with a low fiber intake had increased levels of Collinsella in their guts,

which was associated with more lactate fermenting bacteria versus the abundance of

short-chain fatty acid-producing bacteria seen in high fiber diets. Inclusion of maternal

milk microbiome analysis in future studies may be useful to explore the correlation

between fiber intake and milk pH. Measurements of vaginal pH have been correlated

with cervical neoplasm severity and microbiome changes, although in an animal model,

milk pH was not indicative of infection, even though elevated pH levels were observed in

disease states (Kandeel et al., 2019; Łaniewski et al., 2018).

We found no significant relationships between pH of breast milk and urinary

I-FABP. We did find that urinary I-FABP values differed by infant sex (p = 0.03) and

infant feeding status (> 50% formula or donor milk vs. < 50% formula or donor milk, p =

0.03). This is in line with previous research published by our laboratory. We showed

negative correlations, which were not statistically significant, between infants who were

fed a higher proportion of mother’s own milk and levels of I-FABP (Shelly et al., 2021).

Further exploration of the connection between diet and milk pH and milk pH and infant

inflammation is needed.

LIMITATIONS AND FUTURE RESEARCH

A major limitation in our study is the lack of complete sociodemographic

information on our participants, including educational attainment and pre-pregnancy
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BMI. When studying diet in populations it is important to consider the social, cultural,

and economic factors that may affect food availability and dietary patterns. Research

done in multiple countries and various communities shows that there are consistent trends

in the factors that influence dietary intake in women and mothers. Evidence for positive

health effects from diets high in fruits, vegetables, and whole grains was described

earlier; however, studies of socioeconomic influences on dietary intake indicate that

certain factors increase the likelihood for adherence to more nutritious diets.

A diet high in fruits, salads, fish, eggs, white meat, and whole grain breads,

considered the health conscious pattern in a 2008 study of more than 12,000 British

women surveyed in 1991-1992 in their third trimester of pregnancy, was positively

associated with increasing education levels and age (Northstone et al., 2008).

Demographic factors with a negative association with the health conscious pattern were

increased parity, women who smoked, and women who were overweight pre-pregnancy.

A Welsh cross-sectional study, which identified Western and health conscious

dietary patterns in a cohort of 303 mothers undergoing elective Cesarean sections, found

maternal BMI, age, education, income, and exercise were all significantly associated with

the health conscious pattern (Garay et al., 2019). A three year study of women delivering

a singleton at a single hospital in northern England (n = 5083) identified three dietary

patterns, snack and processed foods, meat and fish, and grains and starches, in three age

groups, aged ≤19, 20-34, and ≥35 (Marvin-Dowle et al., 2018). While the authors

found no differences between age groups within the meat and fish pattern, women in the

oldest age group had significantly higher principal component analysis scores for the
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grains and starches pattern. Women in the youngest age group had higher scores in the

snack and processed food pattern, and their intake of sugar-sweetened sodas was higher,

while their intake of fruit and vegetables was lower. The authors also reported higher

mean BMI and overweight and obese mothers in the oldest age group.

A Brazil study published in 2016 found that adherence to a healthy diet pattern

during pregnancy was more likely in older women and women with a higher monthly per

capita income. Women with higher parity showed decreased adherence to the healthy diet

pattern (de Castro et al., 2016). A second study from Brazil of 454 women found that

higher maternal education attainment is associated with a diet of lean meats and seasonal

vegetables, as well as a diet of snacks, sandwiches, sweets, and sodas, although only

10.3% of their participants had more than eight years of formal education (Teixeira et al.,

2018).

A New Zealand study, specifically focused on a multi-ethnic society context,

found four dietary patterns in women surveyed prior to delivery (Wall et al., 2016).

Positive associations were found between higher scores in the Junk and Traditional/White

Bread patterns and younger age, less education, and smoking, in addition to higher scores

in the Health Conscious and Fusion/Protein patterns and older age, lower pre-pregnancy

BMI, and non-smokers. This study showed that the greatest odds of adherence to the New

Zealand National Food and Nutrition Guidelines for Healthy Pregnant Women were

associated with the Health Conscious pattern.

A Polish study of second trimester women (n = 1306) also found that older age,

more education, were positive determinants of a healthier diet characterized by higher
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consumption of fruit, vegetables, legumes, whole grains, poultry, and low-fat dairy

(Wesołowska et al., 2019). However, they found that being overweight or obese before

pregnancy was also a positive determinant of a healthier diet. Parity was significantly

associated with a more Western pattern, defined as increased consumption of refined

grain, processed meat, potatoes, and a rather low intake of whole grains.

An analysis of women and children in the southern United States enrolled from

2006 to 2011 in the Conditions Affecting Neurocognitive Development and Learning in

Early Childhood study (n = 1222) found that mothers who received the Special

Supplemental Nutrition Program for Women, Infants, and Children (WIC) food package

with revisions had infants with greater length-for-age z scores at one year of age and

better Bayley Scales of Infant Development cognitive composite scores at two years

(Guan et al., 2021). The food package was updated in October 2009 to be more in line

with the DGA, 2020-2025. Previous studies in low-income households had shown that

increased healthy food access, quality of diet, and birth outcomes were associated with

the revised package (Hamad et al., 2019; Schultz et al., 2015).

Another limitation is our modest sample size and the exploratory nature of this

research, which limited our ability to perform a more robust analysis. A larger sample

size and longitudinal collection of dietary habits and infant outcomes will provide data

necessary to further explore the correlations we found.

Future analyses of this dataset in collaboration with other groups are planned to

assess the dietary inflammation index (DII) and fat intake for the maternal participants. A

DII is a tool that can indicate inflammatory or anti-inflammatory potential from answers
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to a food intake survey like the DSQ we used (Steck et al., 2014). More information

about dietary inflammatory potential in the maternal participants will allow for better

investigation into the possibility of intergenerational inflammatory responses. Calculating

fat intake is of interest to us for the ability to compare maternal fat intake to the fat

content of mother’s own milk and the levels of urinary I-FABP, as well as microbiome

changes, in the preterm infant (Chu, Meyer, et al., 2016).

We are interested in long-chain polyunsaturated fatty acids (LCPUFA), including

the ratio of arachidonic acid (AA) to docosahexaenoic acid (DHA), given the essential

functions these fatty acids play in placental and fetal development, breast milk

composition, and infant nutrition (Duttaroy & Basak, 2020; Innis et al., 2002). Levels of

DHA in breast milk from preeclamptic mothers have been shown to be higher than in

normotensive women (Dangat et al., 2014). Additionally, evidence exists that a high fat

diet during pregnancy decreased the genera Bacteroides, known to aid in mucosal

immunity maturation, in the infant gut microbiome (Chu, Antony, et al., 2016).

In mice models, microbial species have been shown to spread through the blood

from oral cavity to placenta, many of which are associated with adverse pregnancy

outcomes in humans (Fardini et al., 2010). This similarity between oral and placental

microbiome may indicate future research opportunities for maternal diets effects on the

various human microbiomes and inflammation, as the maternal gut microbiome has been

shown to increase inflammation in pregnant mothers leading to preeclampsia

(Amarasekara et al., 2015). If mothers have elevated levels of inflammation causing

dysbiosis of their placental microbiome, the placenta may not protect the infant from a
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type of inheritance of inflammation. There are already studies that show preterm birth is

associated with intrauterine infections and decreased diversity of the vaginal microbiome

(Witkin, 2015). New research shows there may be a correlation between the maternal and

neonatal oral microbiome, transmitted through the placenta and amniotic fluid (Wu et al.,

2021). Oral transmission through blood to the fetus has been demonstrated in sheep

studies (Yu et al., 2021).

CONCLUSIONS

We show that there are statistically significant correlations between maternal

dietary intake of fiber and whole grains during the month before delivery of a preterm

infant and pH of mother’s milk. We also show between group differences in whole grains

intake in maternal participants diagnosed with preeclampsia and those not, as well as

differences in added sugars intake between participants with gestational diabetes and

without. Our data also supports the national data that pregnant women are not meeting

the guidelines for a healthy diet. These findings suggest that additional research on

mother’s own milk pH may be warranted, and that continued education on the importance

of a healthy diet and its benefits during pregnancy is needed.
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