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ABSTRACT 

Determining the Effect of Maternal Adiposity on Preterm Neonatal Microbiome and Short Chain 

Fatty Acid Profiles 

by 

Dalton James 

The gut microbiota and its metabolites have vast impacts on the human digestive system, 

immune system, and health outcomes. Short chain volatile fatty acids (SCVFAs) present in feces 

can be representative of the interactions of the microbiota present in the gut. Low microbiota 

diversity in the human gut is highly associated with obesity and adverse health outcomes. 

Furthermore, the maternal microbiome has a direct impact on neonatal microbiota through 

various pathways such as environment, skin flora, breast milk composition, and vaginal 

secretions. This study is aimed to further understand the associations between various factors 

(maternal adiposity, gestational time, length of life, delivery mode, and presence of diabetes) and 

neonatal microbiome and its metabolites, SCFA. Data (pre-pregnancy BMI, gestational time, 

length of life at time of sample collection, delivery mode, presence of diabetes, SCVFA profiles, 

fecal fermentation profiles, and 16s RNA sequences, n=75) was obtained from 75 mother-infant 

dyads. Qiagen CLC Genomics Workbench was used to process 16s RNA data, generate 

quantitative and qualitative measures of alpha and beta diversity, and generate an analysis of the 

composition of microbiomes for differential abundances. Multiple metrics were analyzed for 

alpha and beta diversity and no significant differences were found for acetic acid (A), propionic 

acid (P), butyric acid (B), or APB combined.  Shannon diversity index, a measure of Alpha 

diversity, showed no significant difference between groups in each subset. BMI differences were 

significant for no c-section vs. c-section and Black vs. White race/ethnicity. There were no 
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significant differences found in PERMANOVA, a measure of beta diversity or found in 

differential abundances among the groups.  
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CHAPTER 1. BACKGROUND 

Purpose 

The purpose of this study was to determine if maternal BMI has any effect on the health 

outcomes of the neonate. A study of fecal fermentation profiles and microbiome analysis allows 

for the understanding of neonatal microbiome and possibly elucidates a link between maternal 

health and neonatal health outcomes. 

 

Research Questions 

1. Is there a difference in the microbiome diversity of neonates that come from obese 

mothers and neonates that come from lean mothers? 

2. Is there a difference in the SCFA profiles of infants receiving breast milk from mothers 

of differing BMI?  

 

Hypotheses  

1. We expect there will be a significant difference in microbiome diversity between 

neonates that are born to obese mothers and ones that are born to lean mothers.  

2. We expect to see less diverse SCFA profiles in the infants receiving milk from obese 

mothers as shown by elevated Acetic, Propionic, and Butyric combined % compared to 

that from normal weight. 
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CHAPTER 2. REVIEW OF LITERATURE 

Severity of Preterm Births 

Preterm birth poses serious issues for public health in developed and undeveloped nations 

alike. Infants that are born prematurely are significantly more susceptible to disparate amounts of 

time spent in hospitals and clinics compared to full term infants, along with frequent respiratory, 

metabolic, neurological, and somatic ailments [1, 2, 3]. Preterm infants are about 6.8 times 

higher at risk of death than full term infants [4]. Among other diseases, they have higher risks of 

cardiovascular diseases, metabolic syndromes, and necrotizing enterocolitis [5, 6, 7]. Despite all 

of the ailments that are common in neonates, the leading cause of death is preterm birth itself at a 

rate of 35% [1, 8]. According to reports from the CDC on November 1, 2022, the preterm birth 

rate rose 4% from the 10.1% rate in 2021 to the 10.5% rate that is currently seen. Preterm births 

are also skewed according to race, as is seen in the higher 14.4% rate that is displayed by those 

of African descent [9]. Across the world, about 41,000 infants are born preterm each day [10]. 

According to the World Health Organization, survival rates of preterm births vastly differ 

throughout the world, specifically in low-income communities, where more than half of the 

preterm infants die due to lack of care. Roughly 60% of all preterm births happen in Africa and 

South Asia [11]. On average, low-income countries experience a rate of 12% of preterm births 

compared to the 9% those high-income countries experience [11, 12]. 

 

Causes of Preterm Births 

 Preterm births can come about in several different forms. The most common forms that 

Preterm birth presents itself as spontaneous labor with membranes that are still intact, premature 

rupture of membranes, and preterm labor induction or caesarean section. A common causes of 
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preterm birth follows pre-eclampsia or eclampsia, and intrauterine growth restrictions [13]. Other 

causes of preterm births belong to a broad syndrome that can be caused by various factors such 

as infection, cervical pathology, overdistention of the uterus, unregulated progesterone levels, 

vascular deformities, stress, and likely other unknown factors. These various factors can all act in 

tandem or separately to cause premature birth pathways through uterine contractions, cervical 

ripening, or membrane rupture [13, 14]. 

 

Effects of Mother’s Nutrition on Neonate Health 

Murine models have identified that the offspring of obese mothers are more susceptible 

to obesity with the potential mechanism of transfer of obesity from  milk fdam milk to pup [15, 

16, 17, 18, 19, 20, 21, 22, 23]. A human study also found a milk-related mechanism that 

transferred obesity from mother to child [24]. Maternal dysfunction and dysbiosis can genetically 

predispose offspring to obesity [25, 26, 27]. Childhood obesity predisposes individuals to 

hypertension, metabolic syndrome, fatty liver disease, dyslipidemia, and psychological disorders 

among other ailments [28, 29, 30]. Severe maternal malnutrition has been shown to be strongly 

correlated to low birth weight, neurological disorders, impaired physical growth, and mental 

retardation [31]. Babies born to obese mothers are at increased risk for congenital birth defects, 

pneumonia, and fetal macrosomia [31].  

 

Effect of Maternal Nutrition on Maternal Health 

The World Health Organization outlines several recommendations for women of 

childbearing age, including proper or appropriate diet and nutrition, weight management, 

physical activity, and physical and mental health. Obesity during pregnancy increases the risk for 
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adverse perinatal outcomes such as gestational diabetes mellitus or preeclampsia [32]. 

Overweight, pre-obese, and obese women are recommended to take in foods rich in vegetables, 

essential and polyunsaturated fats, and fiber-rich carbohydrate-containing foods [32]. Special 

attention should be given to the adequate intake of micronutrients such as iron, calcium, folate, 

vitamin D, and carotenoids in order to support pregnancy and eventual breastfeeding [32, 33]. 

Micronutrients such as vitamins and minerals support the development of a healthy neonate, as 

well as every stage of interaction between the mother and the fetus during gestation [33]. 

Appropriate amounts of folic acid intake, ideally started 5-6 months before conception with 

levels of about 1200 nmol/L, is beneficial in preventing neural tube defects within the first 28 

days after conception [34]. Poor nutrition, overnutrition, and undernutrition have complex roles 

during pregnancy and can go on to effect birth outcomes such as preterm birth [35, 36]. In the 

United States, 32% of women of childbearing age are obese and 24% are overweight [37]. In 

recent years, pre-conception obesity has been on the rise, with an increase from 2013 to 2016 

across all racial, educational and age groups [38]. Multiple studies have shown that obese women 

are at greater risk of giving birth prematurely [35, 39, 40]. Obese mothers are more likely to have 

prolonged hospital stays of more than 10 days [41]. Proper maternal nutrition consists of balance 

between energy and proteins, proper amounts of micronutrients of vitamins and minerals, 

especially folate, and fatty acids [35, 39, 42]. Adequate maternal nutrition plays a significant role 

in fetal growth and development and the incidence of preterm birth [43, 44, 45].  

 

Effect of Maternal Health on Human Breast Milk and Microbiome 

Human breast milk (HBM) and maternal microbiome are influenced be several factors such as 

body mass index (BMI), antibiotic use, health, age, and time and duration of lactation [46, 47, 
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48, 49, 50, 51, 52]. Neonate microbiome is influenced most heavily by the mother through 

modes such as mode of birth, breastfeeding, bottle feeding, lactation stage, HBM composition 

(which differs in healthy and obese mothers), and environment [46, 51, 53]. Various studies have 

reported differences in HBM between healthy and obese mothers [54, 55, 56]. Oligosaccharides 

in human milk consist of a diverse group of carbohydrates that are generally undigested by the 

host and serve as prebiotics for the microbiome [57]. The prebiotic content of HBM is correlated 

with the maternal gut microbiota which exhibits a marked decrease in diversity in obese mothers 

when compared to normal weight mothers [50, 58, 59, 60]. Short-chain volatile fatty acids 

(SCVFA) and HBM are integral in infant development and growth and are byproducts of 

bacteria in the gut that that ferment human milk oligosaccharides [61].  Studies show that 

SCVFA concentration and type play a role in energy metabolism due to an association between 

lower body weight and SCVFA distribution [61]. Various studies have indicated that human milk 

short chain fatty acids play a beneficial role in weight gain and adiposity during infancy [61] and 

that low amounts of SCVFA increase the risk of infant adiposity [62]. It is possible that SCVFA 

are present in HBM, as a consequence of maternal microbiome, which can eventually affect the 

health and weight of the neonate [61, 62].  

 

Preterm Infant Nutrition 

Maternal HBM has been proven to be most beneficial when it is taken within the first few days 

of birth in terms of decreasing rates of infection, morbidity, and mortality [63]. Maternal HBM 

as well as donor milk have proven to decrease intestinal permeability, increase gut maturation, 

and reduce the risk of necrotizing enterocolitis [64, 65, 66, 67, 68]. Common issues for infant 

nutrition present as early termination of breastfeeding and delays in lactogenesis due to factors 
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such as maternal age, illness, primiparity, elevated BMI, gestational diabetes, and delivery by 

caesarean section [40, 69, 70]. HBM has proven to affect the infant gut microbiome which 

results in increased immune factors and eventually the health outcomes of the infant [51, 71]. It 

is still unclear how much of an effect epigenetics plays in infant health outcomes.  

 

Microbiome Diversity Measurements 

Alpha diversity is a measure that describes the amount of diversity within an organism, 

commonly taking into account the different number of species that can be observed. Observed 

taxa, also referred to as observed OTU’s, is the easiest measure of alpha diversity to calculate as 

it is simply the sum of the number of OTU’s or taxa present in a given sample [72]. The 

Shannon Index (H) is a tool that is useful for estimating species richness and evenness and is 

calculated as: 

𝐻 = −∑ 𝑝!"
!#$ 𝑙𝑛(𝑝!) 

Where R is the total number of OTU’s present and pi is the proportion of each species in the 

sample [73]. 

 Beta diversity is a useful tool for measuring the diversity between an organism and the 

whole population . The Bray-Curtis dissimilarity is a function that takes the abundance of 

microbes present in both samples into account. Dissimilarity is measured by the difference in the 

composition of the microbiomes of two separate samples. Bray-Curtis dissimilarity finds the 

dissimilarity, D, between two groups, A and B, by the following formula: 

𝐷%,' =
∑ |𝑛%! − 𝑛'!|(
!#$

𝑛%) + 𝑛')
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Where nAi is the abundance of OTU, or i, in sample A, and similarly for sample B. The nA+ and 

nB+ terms are the total species abundances in sample A and B, respectively. Jaccard distance 

measures dissimilarity by taking into account the presence of microbes in one or both samples (A 

and B) and is calculated by the following [74]: 

𝐽𝑎𝑐𝑐𝑎𝑟𝑑%,' = 1 −
|𝐴⋂𝐵|
|𝐴⋃𝐵|

 

Unifrac considers the phylogenetic relationships between microbes that are present in the two 

samples. Unifrac can be weighted or unweighted where unweighted can be calculated by 

dividing the sum of unshared branch lengths by the sum of all branch lengths. Weighted unifrac 

considers abundance of microbes into account and is calculated by the following equation: 

𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑	𝑈𝑛𝑖𝑓𝑟𝑎𝑐 =@𝑏! ∗ C
𝐴!
𝐴*

−
𝐵!
𝐵*
C

+

!

 

Where n is the total number of branches on the tree, bi equals the length of branch i, Ai and Bi are 

abundances in samples A and B, respectively, and AT and BT are the total numbers of sequences 

in samples A and B [75].  

Principle coordinate analysis (PCoA) converts distance data into a three-dimensional map. The 

generated plot allows for the visualization of the distance data to quickly understand the 

similarity and dissimilarity of data sets. The three axes, PCo1, PCo2, and PCo3 represent the 

dimension of the axis [76]. 

CHAPTER 3. METHODS 

Freeze-drying for Fecal Fermentation Profiles 

Labeled 1.5 micro centrifuge tubes containing stool sample(s) were placed in a 600 ml 

LABCONCO freeze dry flask and lid was placed on LABCONCO FreeZone 2.5 freeze dryer 
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using stainless steel adapters. The samples ran for at least 12 hours on 0.077 mBar at -50 degrees 

Celsius. Once thoroughly dry, samples were ready for SCFA extraction.   

Short Chain Fatty Acid Extraction and Analysis 

SCFA extractions were performed using a procedure developed by Schwiertz et al. that was 

modified [76]. One mL of the SCFA extraction solution, containing Oxalic acid (0.1 mol/L) and 

Sodium Azide (40 mmol/L) was added to 80mg of freeze-dried stool sample in a 16 x 100 mm 

disposable glass culture tube. The tube was capped and vortexed for 30 seconds. The tube was 

placed on a horizontal shaker for 1 hour. The tube was centrifuged in a ThermoScientific™ 

Sorvall Biofuge Primo Centrifuge D-37520 Osterode (Germany)in a ThermoScientific™ 

4x100mL Swinging Bucket Rotor (part #75007591) at 4000 rpm for 20 minutes. After 

centrifuging, the supernatant was removed and placed in a 1.5mL polypropylene Fisherbrand 

micro-centrifuge tube. The solution was re-centrifuged in a ThermoScientific™ 24-place Fixed-

Angle Rotor (part #75007593) at 12,000 rpm for 15 minutes. Again, the supernatant was 

removed and placed in a new 1.5 mL micro-centrifuge tube. The solution was re-centrifuged at 

12,000 rpm for 15 minutes. Finally, the supernatant was removed, placed in a 2 mL amber vial, 

and was stored at -80◦C until being analyzed using a Shimadzu GC2010 gas chromatograph 

equipped with a SigmaAldrich ZB-Wax Plus capillary column (part # 7HG-G013-11). Samples 

were run using a method adapted from Schaefer et al [77]. The method included injecting 1 µL 

of solution with an SPL1 temperature of 75◦C. The initial column temperature was 50◦C, held 

for 2 minutes, which rose at a rate of 15 degrees/minute until reaching 140◦C with a hold of 5 

minutes, followed by a rise at rate of 10 degrees/minute until reaching 160◦C with a hold of 3 

minutes and a rise of 10 degrees/minute until reaching 175◦C with a hold of 3 minutes. The 
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flame ionization detector temperature was 180◦C, and the end time of the run was 24 minutes. 

Samples were run in duplicate, and values for each participant were averaged.  

16s rRNA Isolation and Quantification 

Microbiome analysis was performed on all stool samples. Powersoil DNA isolation kit was used 

to isolate DNA from the portion of the fecal samples stored at -80◦C. Approximately 250mg of 

stool sample was added to the Qiagen-supplied PowerBead tube and vortexed. 60 µL of solution 

C1 (Qiagen lysing agent) was added, the tube was briefly vortexed manually, and then the tubes 

were secured to an adapter to be vortexed at maximum speed for 10 minutes. The tubes were 

then centrifuged at 1000 x g for 30 seconds, and the supernatant was transferred to a 2 mL 

collection tube. 250 µL of solution C2 (Qiagen precipitating agent) was added to the collection 

tubes, which were then vortexed for 5 seconds and then incubated on ice for 5 minutes. Tubes 

were then centrifuged for 60 seconds at 10,000 x g, and 750 µL of supernatant was transferred to 

clean 2 mL collection tubes. 200 µL of solution C3 (Qiagen precipitating agent) was added, and 

the tubes were briefly vortexed manually and incubated on ice for 5 minutes again. Following 

incubation, the tubes were centrifuged at 10,000 x g for 60 seconds, 750 uL of supernatant was 

added to 2 mL collection tubes, 1200 µL solution C4 was added, and tubes were vortexed for 5 

seconds. 675 µL of this solution was loaded into a Qiagen kit spin column and centrifuged at 

10,000 x g for one minute three times with flow through being discarded between 

centrifugations. 500 µL of solution C5 was added to the spin column, which was centrifuged at 

10,000 x g for 30 seconds and one minute with flow through discarded between centrifugations. 

The spin columns were placed into clean 2 mL collection tubes, 100 µL nuclease-free water was 

added to the center of the spin column's white filter membranes, and the samples were allowed to 

incubate at room temp for 5 minutes. Tubes were centrifuged for 30 seconds at 10,000 x g to 
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elute the DNA, spin columns were discarded, and DNA from the samples were qualified and 

quantified via ThermoScientific™ NanoDrop™ One Microvolume UV-Vis Spectrophotometer.   

Library Preparation and 16s rRNA Sequencing 

DNA was fragmented and tagged with a 615f/806r adapted sequence before polymerase chain 

reaction amplification.  The primers were 341F and 785R.  Amplicon sequencing of the 16S 

rRNA region was performed at the University of Tennessee Genomics Core Laboratory, 

following their standard operating procedures of a two-step polymerase chain reaction 

(PCR).  The V4 region of the 16S rRNA gene was amplified from the extracted DNA using 

primers 341F and 785R [78]. modified with adapters for Illumina MiSeq sequencing. The initial 

PCR consisted of 2 × KAPA HiFi HotStart ReadyMix Taq (Roche, Indianapolis, Indiana, United 

States), 1.5 μM each primer, and 2.5 μL DNA. The reaction consisted of 3 min at 95°C, followed 

by 25 cycles of 95°C for 30 s, 55°C for 30 s, and 72°C for 30 s, with a final extension at 72°C for 

5 min. Successful PCR amplification was confirmed via gel electrophoresis on a 2% agarose 

gel.  The PCR product was then purified using 20 uL of AMPure XP beads (Agencourt, Beverly, 

MA, United States) and eluting in 50 uL of Tris-HCl. Nextera XT indexes (Illumina) were then 

added to the PCR products by use of a second, reduced cycle PCR, such that each sample had a 

unique combination of forward and reverse indexes. This reduced reaction consisted of 3 min at 

95°C, followed by 8 cycles of 95°C for 30 s, 55°C for 30 s, and 72°C for 30 s, with a final 

extension at 72°C for 5 min.  The products were purified again using 56 uL of AMPure XP 

beads, with a final elution in 25 uL Tris-HCl. Samples were quantified on a NanoDrop 

spectrophotometer (Fisher Scientific) and pooled to approximately equal concentrations. Final 

product sizes and concentrations were confirmed on an Agilent Bioanalyzer (Santa Clara, CA, 

United States) using the standard sensitivity kit. The final library was then diluted to 5 pM, and 
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combined with 20% of a 10 pM PhiX library control, and run paired-end 275 bp on a v3, 600 

cycle flow cell of an Illumina MiSeq sequencer at the University of Tennessee Genomics Core.  

Microbiome Analysis 

Operational Taxonomic Unit (OTU) clustering and taxonomic analyses were performed using 

CLC Genomics Workbench v. 23 and CLC Microbial Genomics Module v. 2.5 (Qiagen, Hilden, 

Germany). Sequences were first trimmed and merged and then were clustered into OTUs at 97% 

sequence similarity level using the OTU clustering tool. The most abundant sequences were 

selected as representative of each cluster and then assigned to a taxonomy level using CLC 

Microbial Genomics default values and the Greengenes Database 13_8 release. Lowdepth 

samples (less than 5000 sequences per sample) were removed from the analysis. OTUs were then 

aligned by multiple sequence comparison using log-expectation (MUSCLE) and used to 

construct a “maximum likelihood phylogenetic tree”, followed by alpha diversity analysis. Total 

number and Shannon entropy alpha diversity indexes were calculated using the Abundance 

Analysis tool. Bray-Curtis and the weighted Unifrac metric were used to calculate inter-sample 

diversity (beta-diversity). The Differential Abundance Analysis tool was utilized to determine 

OTUs with significant differences in abundance via Across groups (ANOVA-like) comparisons 

between the groups, then OTUs with and FDR (False Discovery Rate) of < 0 were used to create 

a heat map.  

Microbiome Statistical Analysis 

A permutational multivariate analysis of variance (PERMANOVA) test was applied to data to 

detect differences between the groups. The level of accepted statistical significance was p < 0.05. 
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CHAPTER 4. RESULTS 

Alpha Diversity 

 Maternal BMI 

 Alpha diversity differences were not statistically significant (p>0.05) between maternal 

pre-pregnancy BMI groups of unknown BMI, normal weight, overweight, and obese (Figure 1). 

 

Figure 1.Box plot diagram for total number alpha diversity of BMI classification (x-axis) plotted against total number (y-axis) 
for unknown BMI classification (n=2), 1) normal weight (n=12), 2) overweight (n=21), and 3) obese (n=40). Kruskal-Wallis test 
for p-value=0.8 

Alpha diversity showed no statistical significance (p>0.05) between maternal pre-

pregnancy BMI (ppBMI) groups % acetic acid vs. ppBMI, % propionic acid vs. ppBMI, % 

butyric acid vs. ppBMI, % APB combined vs. ppBMI, or for Shannon’s diversity index vs. 

ppBMI (Figure 2 and 3).  



20 
 

 

Figure 2. Maternal pre-pregnancy BMI (kg/ht m2) (x-axes) plotted against 1) % acetic acid, 2) % butyric acid, 3) % propionic 
acid, and 4) % APB combined (y-axes) 
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Figure 3. Maternal pre-pregnancy BMI plotted against the Shannon Diversity Index for each sample 

 Gestation Time 

Alpha diversity differences were not statistically significant (p>0.05) between gestational 

times of <28 weeks, 28-32 weeks, and 33-36 weeks (Figure 4).  
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Figure 4. Box plot diagram of total number alpha diversity of gestational time (x-axis) plotted against total number (y-axis) for 
1) >28-week gestational time (n=17), 2) 28-32 week gestational time (n=47), and 3) 33-36 week gestational time (n=10). 
Kruskal-Wallis test for p-value=0.3 

Alpha diversity of the SCVFA had no statistical significance (p>0.05) between 

gestational time groups % acetic acid vs. gestational time, % propionic acid vs. gestational time, 

% butyric acid vs. gestational time, % APB combined vs. gestational time, or for Shannon’s 

diversity index vs. gestational time (Figure 5 and 6).  
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Figure 5. Gestational time (days) (x-axes) plotted against 1) % acetic acid, 2) % butyric acid, 3) % propionic acid, and 4) % 
APB combined (y-axes) 
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Figure 6. Total gestational time in days plotted against the Shannon Diversity Index for each sample 

 

 Day of Sample Collection 

Alpha diversity differences were not statistically significant (p>0.05) for day of sample 

collection for 1-7 days of life, 8-14 days of life, 15-21 days of life, 22-28 days of life, and >28 

days of life. (Figure 7).  



25 
 

 

Figure 7. Box plot diagram of total number alpha diversity of day of sample collection (x-axis) plotted against total number (y-
axis) for 1) 1-7 days of life (n= 17), 2) 8-14 days of life (n=17), 3) 15-21 days of life (n=17), 4) 22-28 days of life (n=8), and 5) 
>28 days of life (n=16). Kruskal-Wallis test for p-value = 0.1 

Alpha diversity of the SCVFA had no statistical significance (p>0.05) between day of 

sample collection groups % acetic acid vs. day of collection, % propionic acid vs. day of 

collection, % butyric acid vs. day of collection, % APB combined vs. day of collection, or for 

Shannon’s diversity index vs. day of collection (Figure 8 and 9).  
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Figure 8. Day of sample collection (x-axes) plotted against 1) % acetic acid, 2) % butyric acid, 3) % propionic acid, and 4) % 
APB combined (y-axes) 
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Figure 9. Day of life of sample collection plotted against the Shannon Diversity Index for each sample 

 Delivery Mode 

Alpha diversity differences were not statistically significant (p>0.05) between delivery 

modes no-c-section and c-section (Figure 10).  
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Figure 10. Box plot diagram of total number alpha diversity for day of sample collection (x-axis) plotted against total number (y-
axis) for 1) no c-section (n= 27) and 2) c-section (n=48). Kruskal-Wallis test for p-value= 0.08 

 The alpha diversity for BMI of the delivery mode groups no C-section and C-section 

showed statistical significance (p=0.0499) (Figure 11). 
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Figure 11. Box and Whisker plot of maternal pre-pregnancy BMI (y-axis) versus delivery mode (x-axis) for groups C-section 
(n=42) and no C-section (n=16). T-test results in a p-value of 0.0499 

 Race/Ethnicity 

Alpha diversity differences were not statistically significant (p>0.05) between 

race/ethnicity groups of Black, White, Hispanic, and Other (Figure 12).  
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Figure 12. Box plot diagram of total number alpha diversity for race/ethnicity (x-axis) plotted against total number (y-axis) for 
unknown (n=1),1) Black (n= 34), 2) White (n=29), 3) Hispanic (n=7), and 4) Other (n=7). Kruskal-Wallis test for p-value= 0.7 

 The alpha diversity for BMI for race/ethnicity groups Black, White, and Hispanics 

showed no statistical significance for White vs. Hispanic BMI (p>0.05), no statistical 

significance for Black vs. Hispanic BMI (p>0.05), but did display significance for Black vs. 

White BMI (p=0.013) (Figure 13).  
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Figure 13. Box and Whisker plot of alpha diversity of BMI for race/ethnicity groups Black (n=24), White (n=21), and Hispanics 
(n=7) 

Beta Diversity 

 Maternal BMI 

 No significant differences (p>0.05) were observed for pre-pregnancy maternal BMI by 

beta diversity metrics of Bray-Curtis dissimilarity or Jaccard similarity (Figure 14 and 15) for 

normal weight vs. overweight, normal weight vs. obese, or overweight vs. obese.  
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Figure 14. Bray-Curtis dissimilarity matrix PCoA plot stratified by ppBMI groups normal weight (n=12), overweight (n=21), 
obese (n=40), and unknown (n=2). One point represents one sequencing sample. Distances between points represent Euclidean 
distance. Axes are chosen to represent maximum variation. Proximity between points directly correlates to similarity 
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Figure 15. Jaccard dissimilarity matrix PCoA plot stratified by ppBMI. One point represents one sequencing sample. Distances 
between points represent Euclidean distance. Axes are chosen to represent maximum variation. Proximity between points directly 
correlates to similarity 

 Gestation Time 

 No significant differences were observed between >28-week gestation time, 28-32 week 

gestation time, or 33-36 week gestation time by beta diversity metric of Bray-Curtis dissimilarity 

(Figure 16).  
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Figure 16. Bray-Curtis dissimilarity matrix PCoA plot stratified by gestation time groups <28 weeks (n=17), 28-32 weeks 
(n=47), and 33-36 weeks (n=10). One point represents one sequencing sample. Distances between points represent Euclidean 
distance. Axes are chosen to represent maximum variation. Proximity between points directly correlates to similarity 

 Day of Sample Collection 

No significant differences were observed between day of sample collection groups 1-7 days of 

life, 8-14 days of life, 15-21 days of life, 22-28 days of life, or >28 days of life by beta diversity 

metric of Bray-Curtis dissimilarity (Figure 17).  
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Figure 17. Bray-Curtis dissimilarity matrix PCoA plot stratified by day of life of sample collection groups 1-7 days of life 
(n=17), 8-14 days of life (n=17), 15-21 days of life (n=17), 22-28 days of life (n=8), and >28 days of life (n=16). One point 
represents one sequencing sample. Distances between points represent Euclidean distance. Axes are chosen to represent 
maximum variation. Proximity between points directly correlates to similarity 

Delivery Mode 

No significant differences were observed between delivery mode groups no c-section vs. c-

section by beta diversity metric of Bray-Curtis dissimilarity (Figure 18).  
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Figure 18. Bray-Curtis dissimilarity matrix PCoA plot stratified by delivery mode groups no c-section (n=27) and c-section 
(n=48). One point represents one sequencing sample. Distances between points represent Euclidean distance. Axes are chosen to 
represent maximum variation. Proximity between points directly correlates to similarity 

 Race/Ethnicity 

No significant differences were observed between race/ethnicity groups Black, White, Hispanic, 

and Other by beta diversity metric of Bray-Curtis dissimilarity (Figure 19).  
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Figure 19. Bray-Curtis dissimilarity matrix PCoA plot stratified by race/ethnicity groups Black (n=34), White (n=29), Hispanic 
(n=7), Other (n=7), and Unknown (n=1). One point represents one sequencing sample. Distances between points represent 
Euclidean distance. Axes are chosen to represent maximum variation. Proximity between points directly correlates to similarity 
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Differential Abundance 

 The following taxonomical bar plot (Figure 20) was generated with CLC Genomics 

Workbench ver. 23 for maternal BMI groups normal weight, overweight, and obese:

 

Figure 20. Relative abundance of maternal pre-pregnancy BMI microbial population at the phylum level for groups normal 
weight (n=12), overweight (n=21), obese (n=40), and unknown (n=2) 

 There was no significant difference between differential abundances of the microbial taxa 

identified in the ppBMI samples, as visualized by the lack of diversity in the heatmap (Figure 21) 

of differential abundance of the microbial taxa.  



39 
 

 

Figure 21. Heatmap of relative abundance of microbial taxa identified in premature neonates born to women of differing BMI 
groups 1) normal weight, 2) overweight, and 3) obese. Bright blue represents no difference, bright red represents maximum 
variation, colors in between the two are proportional to the percent of variation 

CHAPTER 5. DISCUSSION 

Maternal BMI 

 Due to the small sample size and lack of longitudinal sampling, a conclusion could not be 

made regarding alpha diversity’s correlation to BMI, however the literature reports that alpha 

diversity tends to be negatively correlated with BMI [79,80,81]. In Zhong et al’s 2020 

correlational study about the gut microbiota’s association with obesity status, it was determined 

that alpha diversity was significantly higher (p=.038) in non-obese adults than obese adults [81]. 

It is difficult to draw the same conclusions for the affect of maternal BMI on neonatal alpha 

diversity due to the immaturity of the neonatal gut microbiome. It is known that acetic, butyric, 
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and propionic acids are decreased in individuals with higher BMI, however, our results showed a 

lack of alpha diversity of SCFAs, likely due to the low sample size, lack of environmental 

diversity, and the immaturity of the microbiome [82,83]. These studies represent the SCFA 

profiles of individuals with fully developed microbiomes, which has not been previously studied 

in premature neonates. An accurate BMI cannot be obtained by weight and height alone for 

infants until two years of age [84] so it is possible that after two years, there may be greater 

differences. It is more likely, however, that alpha diversity differences will increase due to the 

food they eat and the differing environments that they live in. We observed no difference in beta 

diversity metrics for Bray-Curtis dissimilarity or Jaccard dissimilarity. Again, these results 

contrast with the literature which shows that differing BMI groups tend to also have differing 

and less diverse microbiome profiles as BMI increases, whereas our study showed no differences 

[85,86,87]. This is likely due to the small sample size of this study as well as in the inability to 

control for confounding factors. No general trends could be discovered from the data collected 

for the relative abundance of microbial taxa as BMI increased. BMI was slightly negatively 

correlated with % acetic acid and slightly positively correlated with % propionic acid. The 

literature supports the negative correlation with % acetic acid, but not % propionic acid [88,89], 

however the correlation between these SCFA’s and BMI is not significant enough to draw any 

conclusions. The link between maternal pre-pregnancy BMI, neonatal SCFA profiles, and 

offspring health outcomes remains to be elucidated.  

 

Gestational Time 

 Gestation time had no significant difference for total number alpha diversity and had no 

correlation to Shannon’s diversity index metric for alpha diversity. Preterm infants with less 
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gestational time than term infants display delayed colonization, less diversity, and less 

abundance in their gut microbiome [90]. It is likely that our study did not find any significant 

difference in alpha diversity as gestation time increased because of the small sample size and 

because all of the neonates studied were preterm, resulting in delayed colonization. We observed 

no significant difference in beta diversity of gestation time groups as measured by Bray-Curtis 

dissimilarity. Gestation time was negatively correlated with % acetic acid and % butyric acid and 

positively correlated with % propionic acid. It makes sense that gestation time was positively 

correlated with % propionic acid, because as gestation time increases so should the diversity and 

abundance of the microbiome. It is likely that the negative correlation displayed between 

gestation time and % butyric and acetic acid is due to the small sample size, age of the newborns, 

lack of term infant control, and identical environment that they are all kept in.  

Day of Sample Collection 

 The day of sample collection had no significant difference when measured by total 

number alpha diversity, however, was positively correlated with Shannon’s diversity index. Gut 

microbiome develops over time as neonates are exposed to skin flora, HBM microbes, and 

environmental microbes so there should be some difference between the gut microbiome of 

infants that have a sample taken within the first week of life compared to later weeks. Shannon’s 

diversity index was likely positively correlated with day of sample collection because the older 

neonates had richer and more even microbiomes than their younger counterparts. Total number 

alpha diversity. Total number alpha diversity most likely had less significance because it does 

not place as much emphasis on abundances and just considers the presence or absence of species. 

There was no significant difference for beta diversity metric Bray-Curtis dissimilarity for day of 

sample collection groups. For SCFA, day of sample collection was negatively correlated to % 
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acetic acid and positively correlated with % butyric acid. Levels of SCFAs increase as the 

microbiome develops and as gut health increases [91,92]. The positive correlation between day 

of life and butyric acid agrees with the literature because the older neonates displayed higher 

levels of butyric acid than the younger neonates did. It is likely that there was not a positive 

correlation observed between acetic acid levels and day of life because of the small sample size, 

age of neonates, lack of term control, and lack of longitudinal sampling.  

Delivery Mode 

 There was no significant difference between c-section versus no c-section as calculated 

by total number alpha diversity. Neonates born vaginally get inoculated with commensal bacteria 

(Bifidobacterium and Lactobacillus) which are generally associated with healthier gut 

microbiome and a reduction in allergies and asthma, whereas neonates birthed by c-section 

exhibit a microbiome more similar to the mother’s skin flora and the hospital environment 

(Staphylococcus, Streptococcus, and Clostridium). Babies born by c-section also exhibit less 

diverse gut microbiota than those that are vaginally birthed [93]. It is likely that there was no 

significant difference between neonates born via c-section and no c-section because of the small 

sample size, lack of longitudinal sampling, and identical living environment. Bray-Curtis 

dissimilarity plotted by PCoA displayed no significant difference. When delivery mode was 

broken down by pre-pregnancy BMI there was a significant difference between the two groups 

meaning that there was a significant difference between the BMI of the mother’s that had a c-

section and did not. The pre-pregnancy BMI tended to be higher in individuals that gave birth via 

c-section. If done again, it would be advantageous to have a sample set without significant 

difference between BMI and delivery mode.  
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Race/Ethnicity 

 There was no significant difference for total number alpha diversity between 

race/ethnicity. Different ethnic groups tend to have differing diets and live in different 

environments which confer differential gut microbial communities [94]. It is likely that no 

difference was observed between racial/ethnic groups because the neonates are on the same diet 

and in the same environment, rather than eating the ethnic foods and living in environments that 

would result in microbiome variability. Differences may be observed after longitudinal sampling 

as the microbiome develops, infants are breastfed longer, or when they begin to eat solid foods. 

Bray-Curtis dissimilarity plotted by PCoA displayed no significant difference. When broken 

down by BMI, there was significant difference between Black and White individuals, but not 

between Black and Hispanic or White and Hispanic. This means that there were significantly 

higher BMIs for Black mothers than White mothers. If repeating this study, it would be 

advantageous to increase the amount of normal BMI Black mothers, as well as increasing the 

number of Hispanic mothers.  

Limitations 

This study was limited by a small sample size of 75 subjects. Also, all of the samples 

were taken from neonates that reside in the same neonatal intensive care unit. Each infant would 

have been exposed to the same environmental microbiome as well as receiving the same 

standardized nutrition plans. Limitations of microbiome analysis should also be considered. 

Although microbiome analysis has progressed over the years, 16S rRNA sequencing can be 

limited and biased based on how complete and accurate reference databases are and differing 

PCR amplification frequencies due to various affinities for the primer [95].  
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Future Directions 

 Future directions for this study include increasing the sample size, evaluating neonates 

from various hospitals, standardizing the time of sample collection, and following the neonates 

up to three years, when the microbiome stabilizes. Increasing the sample size of the cohort 

studied would allow for better analysis for each of the subgroups. Increasing the cohort to 

different hospitals would allow for more randomness in environmental microbiome. 

Standardizing the time of stool sample collection would control for the rapid development of the 

microbiome so that each neonate is at the same level of development when the sample is studied. 

A longitudinal study would provide more insight into how the microbiome develops throughout 

time and allow for a better grasp of the health outcomes associated with maternal health before 

and at the time of birth.  

CHAPTER 6. CONCLUSION 

 Overall, no significant differences were found for metrics of alpha diversity for 

microbiome between groups of BMI, gestational time, day of life of sample collection, delivery 

mode, or race/ethnicity. Acetic acid levels were negatively correlated with pre-pregnancy BMI, 

gestation time and day of life of sample collection. Propionic acid levels were positively 

correlated with pre-pregnancy BMI and gestation time. Butyric acid levels were slightly 

positively correlated to pre-pregnancy BMI, positively correlated to day of sample collection, 

and negatively correlated to gestation time. Shannon’s diversity index was positively correlated 

with day of life of sample collection. Beta diversity metrics showed no statistical significance for 

any groups. Additionally, there was no significance in the differential abundance of microbial 

taxa when stratified by pre-pregnancy BMI. The results of the SCFA profiles and 16S rRNA 

analysis suggest that further study be conducted longitudinally, with larger sample size, differing 
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environments, differing diets, and with more even distributions among each grouping so that 

each group is fairly represented.  
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