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Abstract: Background: Presumed benefits of human breast milk (HM) in avoiding rapid infancy
weight gain and later obesity could relate to its nutrient composition. However, data on
breast milk composition and its relationship with growth are sparse.
Objective: We investigated whether short-chain fatty acids (SCFAs), known to be
present in HM and linked to energy metabolism, are associated with infancy
anthropometrics.
Methods: In a prospective birth cohort, HM hind milk samples were collected from 619
lactating mothers at 4-8 weeks postnatally [median(IQR) age: 33.9(31.3-36.5) y, BMI
(kg/m2): 22.8(20.9-25.2)]. Their offspring, born at 40.1(39.1-41.0) weeks gestation with
weight: 3.56(3.22-3.87) kg and 51% male, were assessed with measurement of infant
weight, length, and skinfold thicknesses at ages 3, 12, and 24 months, and
transformed to age and sex-adjusted z-scores. HM SCFAs were measured by 1H-
nuclear magnetic resonance spectroscopy (NMR) and gas chromatography (GC-MS).
Multivariable linear regression models were conducted to analyse the relationships
between NMR HM SCFAs and infancy growth parameters with adjustment for potential
confounders.
Results: NMR peaks for HM butyrate, acetate, formic acid, but not propionate, were
detected. Butyrate peaks were 17.8% higher in HM from exclusively breastfeeding
mothers than mixed-feeding mothers (p=0.003). HM butyrate peak-values were
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negatively associated with changes in infant weight (standardized B=-0.10, p=0.019)
and BMI (B=-0.10, p=0.018) between 3 and 12 months, and negatively associated with
BMI (B=-0.10, p=0.018) and mean skinfolds thickness (B=-0.10, p=0.049) at age 12
months. HM formic acid peak-values showed a consistent negative association with
infant BMI at all time points (B<=-0.10, P<=0.014) while HM acetate was negatively
associated with skinfolds thickness at 3 months (B=-0.10, p=0.028) and 24 months
(B=-0.10, p=0.036).
Conclusions: These results suggest HM SCFAs play a beneficial role in weight gain
and adiposity during infancy. Further knowledge of HM SCFAs function may inform
future strategies to support healthy growth.
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Abstract  1 

Background: Presumed benefits of human milk (HM) in avoiding rapid 2 

infancy weight gain and later obesity could relate to its nutrient composition. 3 

However, data on breast milk composition and its relationship with growth 4 

are sparse. 5 

Objective: We investigated whether short-chain fatty acids (SCFAs), known 6 

to be present in HM and linked to energy metabolism, are associated with 7 

infancy anthropometrics.  8 

Methods: In a prospective birth cohort, HM hind milk samples were collected 9 

from 619 lactating mothers at 4-8 weeks postnatally [median(IQR) age: 10 

33.9(31.3-36.5) y, BMI (kg/m2): 22.8(20.9-25.2)]. Their offspring, born at 11 

40.1(39.1-41.0) weeks gestation with weight: 3.56(3.22-3.87) kg and 51% 12 

male, were assessed with measurement of weight, length, and skinfolds 13 

thickness at ages 3, 12, and 24 months, and transformed to age and sex-14 

adjusted z-scores. HM SCFAs were measured by 1H-nuclear magnetic 15 

resonance spectroscopy (NMR) and gas chromatography (GC-MS). 16 

Multivariable linear regression models were conducted to analyze the 17 

relationships between NMR HM SCFAs and infancy growth parameters with 18 

adjustment for potential confounders. 19 

Results: NMR peaks for HM butyrate, acetate, formic acid, but not 20 

propionate, were detected. Butyrate peaks were 17.8% higher in HM from 21 

exclusively breastfeeding mothers than mixed-feeding mothers (p=0.003). 22 

HM butyrate peak-values were negatively associated with changes in infant 23 

weight (standardized B=-0.10, p=0.019) and BMI (B=-0.10, p=0.018) 24 

between 3 and 12 months, and negatively associated with BMI (B=-0.10, 25 
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p=0.018) and mean skinfolds thickness (B=-0.10, p=0.049) at age 12 26 

months. HM formic acid peak-values showed a consistent negative 27 

association with infant BMI at all time points (B<=-0.10, P<=0.014) while HM 28 

acetate was negatively associated with skinfolds thickness at 3 months (B=-29 

0.10, p=0.028) and 24 months (B=-0.10, p=0.036).  30 

Conclusions: These results suggest HM SCFAs play a beneficial role in 31 

weight gain and adiposity during infancy. Further knowledge of HM SCFAs 32 

function may inform future strategies to support healthy growth.  33 

Keywords: breast milk, short chain fatty acids, lipids, nutrition, weight, 34 

growth  35 
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Introduction 36 

Early postnatal nutrition is critical for infant optimal growth and associated 37 

with long-term health outcomes1. The type of infant milk feeding, as well as 38 

specific dietary compositions and volume of intake, may be important factors. 39 

 40 

Human milk (HM) intake has been associated with beneficial immunological 41 

responses, infancy growth patterns and potential later obesity risk reduction2–42 

4. A diverse range of bioactive components in HM could contribute to these 43 

protective effects and may be associated with different patterns of weight and 44 

adiposity gain during infancy5. Nevertheless, data on HM composition and 45 

relationships with growth are limited.  46 

 47 

Fat (triglycerides and fatty acids) is an important nutritional constituent of 48 

HM. It derives either from the maternal circulation or is synthesized in the 49 

mammary glands6–8. We recently reported that the fat % energy in HM is 50 

inversely associated with subsequent weight gain and adiposity during 51 

infancy, suggesting functional implications of HM macronutrient contents9. 52 

The quality and quantity of fat and fatty acid constituents, such as short-chain 53 

fatty acids (SCFAs: acetate, butyrate, formate, propionate, and valerate) 54 

could be relevant to infant growth. SCFAs as well as being a constituent of 55 

foods, are synthesized in the gut by an anaerobic microbiota during 56 

fermentation of HM oligosaccharides. Butyrate is frequently measured in 57 

faeces, but this is only a small proportion of what is being produced in the 58 

gut. Its circulating concentration is affected by liver and intestinal epithelial 59 

cell metabolism, intestinal absorption, and systemic distribution10,11. Butyrate 60 
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is present in significant quantities in bovine milk11, however, its origin, form, 61 

concentration, and biological function in HM deserves further study12. 62 

Butyrate, a 4-C fatty acid, has previously been detected in HM13,14, but it is 63 

unclear if it is esterified to triglycerides (TGs) or exists as free butyrate. 64 

SCFAs are highly volatile and such data are limited by a lack of consensus 65 

on assay methods, HM concentrations, and functional relevance.  66 

 67 

Preclinical studies show that prebiotics and/or SCFAs intake is associated 68 

with lower body weight, and suggest that SCFAs may have a complex role in 69 

energy metabolism. For example, acetate intake has been associated with 70 

lower body weight in animals15–21. In high-fat fed mice, butyrate intake 71 

reportedly attenuates obesity-associated inflammation and insulin 72 

resistance22, possibly by activating the SCFAs receptor, GPR4323. 73 

 74 

Here, we aimed to confirm the presence of SCFAs in HM and test the 75 

hypothesis that HM SCFAs concentrations are associated with growth and 76 

adiposity during infancy.  77 
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Subjects and Methods 78 

Study Design: The Cambridge Baby Growth Study (CBGS: 2001-2009) is a 79 

prospective birth cohort, set up to investigate antenatal and early postnatal 80 

determinants of infancy growth, as described previously24. In brief, women 81 

were recruited in early pregnancy from a single hospital in Cambridge, UK, 82 

and followed through pregnancy and postnatally. The cohort included 1585 83 

singleton, late preterm or full-term born (gestational age ≥ 36 weeks) infants 84 

with measurements at birth; 64% of mothers exclusively breastfed their 85 

infants at 8 weeks postnatally. This analysis is based on a subset of 619 86 

mother-infant dyads, where a HM sample was collected. All mothers gave 87 

informed written consent and the study was approved by the Cambridge local 88 

research ethics committee. 89 

 90 

Anthropometry: Trained nurses measured infant weight, length and skinfolds 91 

thickness in the first 8 days of life, and then at ages 3, 12, and 24 months. 92 

Weight was measured to the nearest 1g (Seca 757 electronic baby scale). 93 

Supine length was measured to the nearest 0.1cm (Infantometer SECA 416), 94 

and BMI was then calculated. Skinfolds thickness were measured in triplicate 95 

at 4 body sites (triceps, subscapular, flank, quadriceps) on the left side of the 96 

body (Tanner/Whitehouse Skinfold Caliper, Holtain Ltd). 97 

 98 

HM collection: Women were asked to hand express hindmilk into low binding 99 

glass bottles, after feeding their infant, from the breast that they had last 100 

used for feeding. In order to reduce within-day and day-to-day variations and 101 

allow for comparable samples, this collection was repeated multiple times 102 
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over a two week period between 4-8 weeks postnatally in order to collect a 103 

total pooled sample of 100 mL hindmilk. HM samples were kept frozen to 104 

prevent volatilization of SCFAs. All samples were processed together at a 105 

single time point, with the oldest samples being stored continuously at -200C 106 

for 16 years. Each pooled HM sample was mixed thoroughly before analysis. 107 

Infant feeding (exclusive breast- vs. mixed-feeding) was reported by 108 

questionnaire at 3 months of age, with questions about current feeding, and 109 

age at starting infant formula milk. Infants were categorized as either 110 

exclusively breast- or mixed-fed at 8 weeks of age, at the time of HM 111 

sampling. 112 

 113 

HM assays:  SCFAs concentrations were measured in homogenized HM 114 

samples using 1H-Nuclear magnetic resonance (NMR) spectra and Gas 115 

chromatography (GC-MS).  116 

 117 

1H-NMR analyses: To determine SCFAs composition with NMR, 400 118 

microliters (µL) of a homogenized HM sample was mixed with 400 µL CDC3 119 

solvent for 10 minutes and then centrifuged [Eppendorf centrifuge 5424 120 

(Eppendorf AG, Hamburg, Germany)] for 30 minutes at 9,500 g. The polar 121 

fraction was then used to measure total SCFAs content as NMR spectra 122 

peak heights as described by Prentice et al9.  123 

 124 

To determine the contribution of HM TGs to total butyrate NMR peak-value, 125 

HM samples were exposed to lipase (Candida rugose, Sigma L8525, 126 

lyophilized powder, ≥40,000 units/mg protein).  Per 100 µL HM, 16 µL Lipase 127 
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stock (3 mg/mL) was added and incubated for 17 hours at 370C. After cooling 128 

to 00C, samples were prepared for NMR. One sample was spiked with 129 

tributyrin (Sigma T8626) as a positive control. 130 

 131 

GC-MS free butyrate measurements: One mL HM samples were preheated 132 

in 10 mL vials sealed with silicon/Teflon septa and magnetic caps for 1 133 

minute at 600C. Volatile metabolites were extracted from the headspace for 5 134 

minutes with a 75 μm PDMS-carboxen SPME fibre (Supelco, Bellefonte, PA, 135 

USA) using the combiPAL autosampler (CTC Analytics AG, Switzerland). 136 

The volatile metabolites were thermally desorbed from the fibre by heating it 137 

in a Best PTV injector with an empty liner for 5 min at 2500C. The fibre was 138 

subsequently cleaned for 10 min at 2900C. A vial with air was used as blank. 139 

GC separation of the volatile components was performed on a Finnigan 140 

Trace GC gas chromatograph (ThermoFinnigan, San Jose, CA, USA) 141 

coupled to a Finnigan DSQ mass spectrometer (ThermoFinnigan, San Jose, 142 

CA, USA), using a polar Stabilwax-DA column of 30 m length, 0.32 mm i.d., 143 

and 0.32 mm film thickness (Restek Bellefonte, PA, USA). The oven 144 

temperature was held at 400C for 2 minutes, raised to 2200C at 145 

150C/minutes, followed by 1 minute holding. Helium was used as the carrier 146 

gas at a flow rate of 1.5 mL/minute (Stabilwax-DA column). The MS interface 147 

and the ion source were kept at 2500C. Acquisition was performed in electron 148 

impact mode (70 eV) with 2 scans/s; the mass range used was m/z 33-250.  149 

 150 

GC-MS chromatograms were analyzed for peak identification using AMDIS 151 

software (NIST, Gaithersburg, MD). Identification of volatile metabolites was 152 
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based on matching mass spectra and retention time with pure standards. 153 

Volatile metabolites were integrated using the XCalibur software package 154 

(ThermoFinnigan, San Jose, CA, USA). The peak area (corrected for blank if 155 

necessary) in arbitrary units was used for statistical analysis. Absolute 156 

quantification was undertaken using standard addition of butyrate to milk 157 

samples. 158 

 159 

Anthropometry variables: Age and sex-appropriate standard deviation scores 160 

(SDS) were calculated for infant weight, length, and BMI, adjusting for 161 

gestational age at birth, by comparison to the UK 1990 growth reference25 162 

using LMS Pro software26. An internal SDS was calculated for each of the 163 

four skinfolds thickness, adjusting for age, and the mean of the four skinfolds 164 

thickness SDS was used as an estimate of total adiposity.  165 

 166 

Statistics: NMR SCFAs concentrations were square-root transformed to 167 

normalize their distributions; the SCFAs content was calculated from the sum 168 

of the individual NMR SCFAs peak-values; GC-MS butyrate concentrations 169 

were similarly log-transformed. Spearman rank-correlation was used to 170 

assess the relationship between the NMR (total) butyrate peak 171 

concentrations with the GC-MS (free) butyrate concentrations. Relationships 172 

between NMR HM SCFAs and infancy growth parameters were tested in 173 

multivariable linear regression models, including the following covariates: 174 

birth weight, gestational age, infant sex, infant milk feeding, and HM storage 175 

time. To assess associations between HM butyrate peak-values and infant 176 

growth that were independent of HM TGs concentration, the latter variable 177 
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was entered as an additional covariate to the regression models. Therefore, 178 

we used a residual nutrient method9: HM butyrate peak-values were 179 

regressed against HM TGs concentrations, and the resulting standardized 180 

residuals were tested for association with infant growth. Analyses were 181 

performed using SPSS version 21, and statistical significance indicated by p-182 

value <0.05. 183 

 184 

Results 185 

As many as 619 mothers of singleton, term or late preterm infants provided a 186 

HM sample (453 exclusively breastfeeding at 8 weeks postnatally, 124 187 

mixed-feeding, 42 unknown feeding type). There was no difference between 188 

this subgroup and all breastfeeding mother-infant pairs in the whole CBGS 189 

cohort with respect to gestational age, maternal age, pre-pregnancy BMI, 190 

primiparity, ethnicity, infant size at birth or growth to 12 months of age9. 191 

(Table 1). 192 

 193 

HM SCFAs content 194 

For the 619 HM samples collected at age 4-8 weeks, NMR peaks were 195 

detected for butyrate, acetate, and formic acid, but not propionate (Table 2). 196 

HM volatile phase free butyrate was also detected by GC-MS (N=102), at 197 

concentrations ranging from 0 to 3.5 mg per 100 ml. NMR (total) butyrate 198 

peak concentrations were moderately well correlated with GC-MS (free) 199 

butyrate concentrations (Spearman Rho, rs=0.53, p<0.0005, Figure 1).  200 

 201 
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Modest inter-correlations were detected between NMR HM SCFAs peak-202 

values. Butyrate peak-values were weakly positively correlated with acetate 203 

peak-values (rs=0.10, p=0.010) and weakly negatively correlated with formic 204 

acid peak-values (rs= -0.09, p=0.021); acetate was weakly positively 205 

correlated with formic acid (rs=0.10, p=0.016). HM total fat (TGs) 206 

concentrations were positively correlated with NMR butyrate peak-values 207 

(rs=0.67, p<0.0005; Figure 1) and were weakly positively correlated with 208 

acetate peak-values (rs=0.12, p=0.003), but were not correlated with formic 209 

acid peak-values (rs=0.00, p=0.9). 210 

 211 

Lipase treatment did not change NMR butyrate peak-values in CBGS HM 212 

samples but increased these peak-values in positive control HM samples 213 

spiked with tributyrin (data not shown), indicating that degradation of TGs in 214 

HM samples post-collection does not contribute to total butyrate content.  215 

 216 

Correlates of HM SCFAs content 217 

HM SCFAs content (butyrate, acetate, or formic acid) was not associated 218 

with maternal BMI, parity, mode of delivery, socioeconomic status, 219 

gestational age, infant birth weight or sex. HM butyrate peak-values modestly 220 

declined with longer HM storage time (rs= -0.13, p=0.001), whereas acetate 221 

and formic acid peak-values increased. Butyrate peak-values were higher in 222 

HM from exclusively breastfeeding mothers compared to those mixed-223 

feeding: median (IQR) peak-value 2.81 (2.07) vs. 2.31 (2.11) (p=0.001), but 224 

acetate and formic acid peak-values did not differ (not shown). Subsequent 225 

analyses were adjusted for HM storage time and infant feeding group. 226 
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 227 

HM SCFAs associations with infancy growth 228 

There were no associations between any SCFAs content and infant size at 229 

birth, or with infant length at any age. HM (NMR) butyrate peak 230 

concentrations were negatively associated with changes in infant weight 231 

(standardized B=-0.10, p=0.019) and BMI (B=-0.10, p=0.018) between ages 232 

3 to 12 months, and negatively associated with BMI (B=-0.10, p=0.018) and 233 

mean skinfolds thickness (B=-0.10, p=0.049) at age 12 months (Table 2). 234 

These apparent effects on infant adiposity were attenuated by age 24 235 

months as a consequence of positive associations between HM butyrate 236 

peak-values and changes in infant BMI and skinfolds thickness between 12 237 

to 24 months (Table 2). 238 

 239 

HM formic acid showed a consistent negative association with infant BMI at 240 

all time points (3, 12 and 24 months: all B<=-0.10, P<=0.014) while HM 241 

acetate was negatively associated with skinfolds thickness at ages 3 months 242 

(B=-0.10, p=0.028) and 24 months (B=-0.10, p=0.036) (Table 2).  243 

Adjustments for HM TGs concentrations attenuated the above associations 244 

with HM butyrate peak concentrations, but the associations with HM formic 245 

acid and HM acetate largely persisted (Table 2).  246 

 247 

Discussion 248 

This study provides evidence that the SCFAs, butyrate, formic acid, and 249 

acetate, are detectable in HM and show largely negative associations with 250 

measures of infant adiposity. These effects were most prominent between 251 
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age 3-12 months and were predictably less evident when mixed feeding had 252 

been introduced by age 12-24 months. Thus our data provide preliminary 253 

data that breast milk SCFAs concentrations may provide some early 254 

protection against excess weight gain. We accept that this interpretation is 255 

based on the assumption that lower weight gain and reduced fat accretion is 256 

beneficial but this is the prevailing assumption concerning the protective 257 

effects of breast milk feeding on the risk of obesity. These associations with 258 

infancy growth have not been previously reported, likely due to the lack of 259 

large mother-infant cohort studies with HM samples and limitations in SCFAs 260 

measurements.  261 

 262 

However, our observations are supported by experimental data from animal 263 

models that identified a role for SCFAs including butyrate, in regulating lipid 264 

metabolism and body weight gain. Dietary butyrate supplementation 265 

reversed high-fat diet-induced weight gain and detrimental changes in fat 266 

tissue and metabolic outcomes27, such as obesity-associated inflammation 267 

and insulin resistance22,28. The resistance to obesity development by butyrate 268 

supplementation may be explained in part by increased thermogenesis and 269 

energy expenditure16 resulting from activation of brown adipose tissue 270 

through increased sympathetic activity29. 271 

  272 

In addition to oral dietary butyrate administration, the endogenous production 273 

of SCFAs resulting from microbial carbohydrate fermentation has been 274 

shown to affect peripheral tissues, by acting as signal transduction molecules 275 

through G-protein coupled receptor (GPCR) interaction, and as epigenetic 276 
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modulators of gene expression via inhibition of histone deacetylase 277 

(HDAC)21. 278 

 279 

In adipose tissue, butyrate affects adipogenesis and fat cell metabolism, 280 

either directly or indirectly through anti-inflammatory mechanisms. This would 281 

suggest a role for butyrate in metabolic processes, healthy weight 282 

development, and mitigating inflammation in adipose tissue, thereby 283 

potentially reducing the risk of obesity30,31. The observation that butyrate acts 284 

as an epigenetic regulator32 may indicate a role for HM derived butyrate in 285 

the epigenetic regulation of adipose tissue function, hence affecting the 286 

programming of healthy weight development in offspring.  Alternatively it has 287 

been proposed that acetate may have a direct role in regulating central 288 

appetite regulation33. 289 

 290 

Thus, although the exact mechanisms remain to be elucidated, in addition to 291 

endogenously produced butyrate, HM derived butyrate may contribute to the 292 

regulation of adiposity and its related metabolic changes. Based on the 293 

results from the current study HM butyrate may stimulate normal infant 294 

adiposity and metabolism, thus supporting healthy weight development in 295 

early life. Interestingly directly after birth, endogenous SCFAs and butyrate 296 

production in the infant gut is relatively low which gradually increases over 297 

time while the microbiota matures10. It is thus interestingly to speculate that 298 

HM may provide an initial supply of butyrate to the newborn while 299 

endogenous production by its immature microbiota is low.     300 

 301 
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The exact source of HM butyrate remains to be elucidated. Our current 302 

findings suggest that HM butyrate exists largely as a free SCFA, as the 303 

addition of enzymatic lipase to samples ex vivo did not increase the HM 304 

butyrate peaks. However, we cannot exclude the contribution of glycerides 305 

as lipases in HM are expressed in significant amounts and contribute to lipid 306 

digestion and overall fatty acid bioavailability in the developing infant34. 307 

Furthermore, HM butyrate could derive from synthesis by microbiota, which 308 

is known to be resident in HM35.  309 

 310 

Unfortunately, HM volume intakes were not assessed in our study and 311 

therefore we cannot assess whether the associations observed with HM 312 

SCFAs contents were mediated by SCFAs rather than total intakes. Mothers 313 

were asked to pool, over a period of 2 weeks, their collected expressed hind 314 

milk samples and information on the timings of milk collection was not 315 

recorded. Future studies should include measurements of HM intakes and 316 

assessment of the feasibility of using lipase inhibitors to reduce hydrolysis of 317 

TGs to better understand the origin of SCFAs. The observation that butyrate 318 

levels were higher in the milk of mothers who exclusively breastfed is 319 

interesting but unexplained although it may relate to the length of feeds as 320 

we know TGs levels are increased in hind milk. Repeated longitudinal HM 321 

collections and assessment of the microbiome will provide data necessary to 322 

understand the relationships between HM SCFAs and infant growth. Such 323 

understanding may help to elucidate the potential beneficial properties of HM 324 

in supporting optimal growth and adiposity during infancy, particularly in 325 

settings where rapid weight gain and obesity are common. 326 
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 327 

Conclusion:  HM SCFAs, mainly butyrate measured as free acid in hind 328 

milk, may play a beneficial role in weight gain and adiposity during infancy. 329 

Further knowledge of HM and exploration of HM SCFAs origin may inform 330 

future strategies to support healthy growth. 331 
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TABLE 1 Participant characteristics in the current analysis (who provided a human milk 

sample) and wider Cambridge Baby Growth Study cohort1 

 Current sample: with HM 

sample 

All breast- or mixed-

fed 

Demographics   

Participants, n 619 924 

Gestational age, weeks 40.1 (39.1-41.0) 40.0 (39.1-41.0) 

Maternal age, years 33.9 (31.1-36.5) 34.0 (31.2-36.5) 

Maternal BMI, kg/m2 22.8 (20.9-25.2) 22.7 (20.8-25.2) 

Index of deprivation 9.0 (6.9-9.0) 9.0 (6.8-9.0) 

Maternal primiparity, n(%) 266(43) 388(42)  

White Caucasian, n(%)  594(96) 887(96) 

Infant male sex, n(%) 316(51) 471(51) 

Exclusive breast-feeding, n(%) 452(73) 712(77) 

Infant growth    

Birth   

Weight, kg 3.56 (3.22-3.87) 3.55 (3.22-3.85) 

Length, cm 51.5 (50.0-53.5) 51.5 (50.0-53.3) 

Mean skinfolds thickness, mm 6.2 (5.3-7.4) 6.1 (5.2-7.3) 

BMI, kg/m2 13.3 (12.2-14.3) 13.3 (12.2-14.2) 

3 months   

Weight, kg 6.10 (5.60-6.64)  6.09 (5.59-6.62)  

Length, cm 61.2 (59.4-63.0) 61.2 (59.5-63.0)  

Mean skinfolds thickness, mm 10.8 (9.4-11.9) 10.7 (9.4-11.9)  

BMI, kg/m2 16.3 (15.4-17.2) 16.2 (15.3-17.2) 

12 months   

Weight, kg 9.85 (9.10-10.60)  9.88 (9.15-10.60)  

Length, cm 75.8 (74.0-77.7) 75.6 (73.9-77.7)  

Mean skinfolds thickness, mm 11.0 (9.8-12.5)  11.0 (9.7-12.4)  

BMI, kg/m2 17.1 (16.2-18.0) 17.1 (16.3-18.1) 

1Values are medians (IQRs) unless otherwise indicated 
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TABLE 2 HM SCFAs peak-values measured by NMR and their associations with infant 

growth from 3-24 mo1  

 SCFAs (ranges) 

Associations with infant 

growth 

Butyrate (0-0.4 mM) Formate (0.1-7.5 mM) Acetate (0.1-8.5 mM) 

 B P B P B P 

Weight SDS        

3 mo   0.03 0.4 -0.04 0.2 -0.04 0.3 

12 mo -0.03 0.4 -0.08 0.054 -0.02 0.6 

24 mo 0.03 0.5 -0.12 0.005* -0.05 0.3 

 Weight SDS       

3-12 mo -0.10 0.019 -0.05 0.3  0.02 0.7 

12-24 mo 0.09 0.04 -0.03 0.5 -0.05 0.3 

BMI SDS       

3 mo -0.01 0.7 -0.10 0.0112 -0.05 0.3 

12 mo -0.10 0.018 -0.11 0.0142  0.00 0.9 

24 mo 0.02 0.7 -0.12 0.0072 0.02 0.6 

 BMI SDS       

3-12 mo -0.11 0.010 0.01 0.9  0.04 0.4 

12-24 mo 0.13 0.005 0.01 0.8 -0.01 0.8 

Mean skinfolds SDS       

3 mo -0.02 0.7 -0.02 0.6 -0.10 0.0282 

12 mo -0.08 0.049 -0.03 0.5 -0.05 0.3 

24 mo 0.01 0.8 -0.10 0.0212 -0.10 0.0363 

 Skinfolds thickness SDS       

3-12 mo -0.08 0.057 -0.01 0.9  0.06 0.2 

12-24 mo  0.09 0.047 -0.07 0.14 -0.09 0.071 

1Values are standardized regression coefficients (p-values) adjusted for exclusive breast- vs. 
mixed feeding at 8 weeks, sex, GA, birthweight, duration of sample storage. SCFA 
concentrations were square-root transformed. 
2P<0.05 following additional adjustment for HM TGs concentrations 
3P=0.055 following additional adjustment for HM TGs concentrations 
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Figure Legends 

Figure 1: Scatterplot of HM butyrate peak values measured by NMR versus concentrations 

measured by GC-MS (n=102) (A) and HM TGs concentrations (B) (n=619).  

GC-MS, gas chromatography; HM, human breast milk; NMR, nuclear magnetic resonance; 

TGs, triglycerides. 

 

 

Figure 2: Changes from 3-12 mo in infants’ body weight SDS (A), BMI SDS (B), and 

skinfolds SDS by quintiles of HM butyrate peak values measured by NMR at 4-8 wk of age. 

Values are group means and 95% CIs. 

BMI, body mass index; CIs, confidence intervals; HM, human breast milk; NMR, nuclear 

magnetic resonance; SDS, standard deviation score. 
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