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OVERWEIGHT AND OBESITY DURING PREGNANCY 

Rates of obesity during pregnancy is 
increasing 
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• Birthweight as main predictor for 
disease risk 

 

 

 

 

• Obesity increases the risk of  

 Birth-related complications 

 

 

 

 

 Gestational diabetes and preeclampsia 

 

 

 

 

 Long-term disease risk (maternal) 

 

 

 

 Long-term disease risk (infant) 

 

 

 

 adverse pregnancy outcomes 



ADIPOSITY AND LOW-GRADE INFLAMMATION 
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Modified from Reynolds & Stirrat 2014 

pro-inflammatory cytokines, 
hormones and free fatty acids 

maternal insulin resistance 

foetal growth 

 Inflammatory biomarkers 

 Lipid biomarkers 

 Hormones 

Low-grade 
inflammation 

hyperglycemia 



BREASTFEEDING AND LACTATIONAL PROGRAMMING 

• Breastfeeding reduces the risk of 
later overweight in the offspring 
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• Appetite-regulating hormones 

• Leptin, adiponectin, insulin 

... But other mechanisms are 
likely involved 



HUMAN MILK STUDIES 
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 Diverging methodologies 

High heterogeneity among studies 

  
• Milk sample collection 

  
• Milk sample analysis 

  
• Outcome of interest 

• Study design 
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Time of 
collection 

Collection 
method 

Analysis 
method 

Feeding 
mode Infant age 

Infant sex 

BMI 

Parity 

Age 

MOTHER-MILK-INFANT TRIAD 

High risk of confounding 
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THE MILQ STUDY 
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Aim was to develop reference 
values for macro- and micronutrient 

concentrations in human milk 

 Current evidence is limited 

 National policies (dietary or supplements)  

 few studies , low sample size , low generalisability 

 Method development of analysing the human milk matrix 

Why the MILQ study? To support WHO breastfeeding guidelines 

Vit A, B12, iodine 
 



THE MILQ STUDY 
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Bangladesh 

n=250 

Brazil 

n=250 

Denmark 

n=250 

The Gambia 

n=250 

California, 
Davis 
Lindsay Allen, PI 
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DEVELOPING REFERENCE VALUES 

What will be created? 

 Percentiles (5th, 50th, 95th) of human milk concentration 

 

How can we use them? 

 To estimate adequate intakes (AI) of human milk nutrients 
 
 To identify populations with low human milk concentrations 
 
 To investigate maternal dietary intake  status  human milk conc. 
 

In the clinic? 



THE MILQ STUDY 
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Maternal inclusion criteria Infant inclusion criteria 

Age between 18-40 years old Term birth (GA 37-42) 

Pre-pregnancy BMI 18.5-29.9 kg/m2 Birthweight 2500-4200g 

No chronic, severe illness 
No gestational diabetes or 

preeclampsia 

Without any illness possible to affect 
breastfeeding, growth or 

development 

Singleton pregnancy 

No intake of multivitamin supplement 
and low intake of fortified foods 

Willing to breastfeed up to 8.5 
months (and exclusively up to 3.5) 

Representing a healthy mother-infant cohort 

Breastfeeding counselling 



THE MILQ STUDY 
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RECRUITMENT AND DATA COLLECTION 
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Data collection 
 

 Maternal and infant anthropometry and body composition 

 Maternal and infant morbidity 

 Dietary intake incl. milk volume (D2O and 24h test weighing) 

 Biological samples (human milk, blood, urine, faeces) 

 Cognitive development 



BREASTFEEDING COUNCELING  

• Fixed calls with questions 

• 5 days postpartum 

• 4-5 weeks postpartum 
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• Extra breastfeeding counselling 

• To support WHO recommendations of breastfeeding 

• Breastfeeding counselling was probably one of the main 
drivers for participation 

• For the ones with challenges 

• For the ones with resources to reach out 

UNPUBLISHED DATA – DO NOT COPY OR DISTRIBUTE 



THE MILQ STUDY 
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PhD 
study 
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PHD OBJECTIVES 
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I Firstly, to explore the interplay between biomarkers of maternal 

inflammation during pregnancy and lactation and infant 

outcomes within a healthy population.  

Secondly, to investigate maternal predictors of inflammation 
during pregnancy and lactation 



MAIN FINDINGS Paper I 

• Mediation analyses as a 
statistical tool 
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exposure outcome 

mediator 



MAIN FINDINGS Paper I 
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exposure outcome 

mediator 

Appetite-
regulating 

hormones in 
human milk 

Infant milk intake        
and growth 

Infant plasma 
appetite-regulating 

hormones 

Leptin 

Insulin 

Adiponectin 

24h total milk intake 
+ milk intake per feed 

Weight, length, 
FMI and bodyfat% 

Higher insulin in HM was associated with higher 
infant weight and lower milk intake for boys only 

But these results disappeared in 
mediation analyses 



MAIN FINDINGS Paper II 
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Pregnancy biomarkers (exposure) 
 
 
 
 
 
 
 
 
 
 

Inflammatory:  
 hsCRP, TNF-α, IFN-γ, IL-1β, IL-6, IL-8 

Lipid:  
 LDL, VLDL, HDL, triglycerides, 
 total cholesterol 

Metabolic:  
 insulin, c-peptide, leptin, adiponectin,  
 glucose (t=0, t=120, HOMA-IR)  

Birth outcomes 
  

 
 
 

 Birthweight z-score 

 Placenta weight 

 Gestational age at birth 

Breastfeeding outcomes 
  
 
 

 

 Human milk intake 

 Human milk concentrations 

 Duration of EBF 



Associations between inflammatory, lipid and metabolic markers and birth-related outcomes 
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Associations between inflammatory, lipid and metabolic markers and breastfeeding outcomes 
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Predictors of inflammatory, lipid and metabolic markers in pregnancy  
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Conclusion & Discussion 
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Inflammatory markers 

Lipid markers 

Metabolic markers 

HDL 
LDL 
VLDL 
Total-cholesterol 
Triglycerides 

hs-CRP 
TNF-a 
IFN-y 
IL-6 
IL-8 

Leptin 
Adiponectin 
Insulin 
c-peptide 
Glucose (t=0) 
Glucose (t=120) 
HOMA-IR 

Pre-pregnancy BMI 

Age 

Parity 

Breastfeeding outcomes 

Birth-related outcomes 

Gestational age 
 
Birthweight z-score 
 
Placental weight 

Duration of exclusive breastfeeding 
 
Human milk intake 
 
Human milk markers 

Positive associations 

Inverse associations 



MAIN FINDINGS Paper III 

• Human milk samples collected at 1-3.5 months (n=820) from all sites 
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Aim 

1. To compare HM composition between sites 

2. To associate HM composition with infant growth 

UNPUBLISHED DATA – DO NOT COPY OR DISTRIBUTE 



MAIN FINDINGS Paper III 
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UNPUBLISHED DATA – DO NOT COPY OR DISTRIBUTE Adapted from Zhang et al. 2022 & Jahnavi Konduru 2022 
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OTHER FINDINGS FROM THE MILQ STUDY 

• Subclinical mastitis 
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 does SCM affect HM volume or composition? 



OTHER FINDINGS FROM THE MILQ STUDY 

• Subclinical mastitis 
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 does SCM affect HM volume or composition? 

 do concentrations affect infant growth? 

 do volumes affect infant growth? or HM macros? 

• HM macronutrients 

 • HM volume 

 



HUMAN MILK VOLUME AND MACRONUTRIENTS 
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Boys:-30.7 ml per g fat per 100 ml (p=0.002)  
 

Girls: 3.1 ml per g fat per 100 ml (p=0.8) 

UNPUBLISHED DATA – DO NOT COPY OR DISTRIBUTE 



HUMAN MILK VOLUME AND MACRONUTRIENTS 
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-78.7 ml per g protein per 100 ml (p=0.012) 
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OTHER FINDINGS FROM THE MILQ STUDY 

• Subclinical mastitis 

• HM macronutrients 

• Milk volume 
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 does SCM affect HM volume or composition? 

 do concentrations affect infant growth? 

 do concentrations affect infant growth? or milk volume? 

 do concentrations affect infant growth? • HMO 



HUMAN MILK OLIGOSACCHARIDES 
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To be continued... 



OTHER FINDINGS FROM THE MILQ STUDY 

• Subclinical mastitis 

• HM macronutrients 

• Milk volume 

 

09-10-2023 35 

UNPUBLISHED DATA – DO NOT COPY OR DISTRIBUTE 

 does SCM affect HM volume or composition? 

 do concentrations affect infant growth? 

 do concentrations affect infant growth? or milk volume? 

 do concentrations affect infant growth? 

 iodine excretion through HM 

• HMO 

• Iodine 



OTHER FINDINGS FROM THE MILQ STUDY 

• Subclinical mastitis 

• HM macronutrients 

• Milk volume 
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 does SCM affect HM volume or composition? 

 do concentrations affect infant growth? 

 do concentrations affect infant growth? or milk volume? 

 do concentrations affect infant growth? 

 iodine excretion through urine vs. HM 

 characterizing the interplay between HM bacteria, 
HM cytokines, morbidity incl. SCM, milk volume and 
breastfeeding outcomes 

• HMO 

• Iodine 

• Milk RNA 
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STRENGHTS & LIMITATIONS 
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Strong longitudinal 
design – but still a risk 
of confounding 

A healthy 
population 
 

Paper III  
 Standardized 

protocols 
 

Study 
design 
 

Population 
 

Methods 
 

Sample 
size 
 

selection bias? 

Paper II  
 



TAKE HOME MESSAGE 
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• Overweight and/or inflammation in pregnancy and lactation may affect 

birth outcomes and HM composition  even in healthy populations 

• Implications for the infant are challenging to confirm  

• Absorption of components in the infant gut – effect in infant circulation? 

• Infant’s own production of appetite-regulating hormones and growth hormones 

• Interplay between the above? 

• Generalisability of results  very selected group 
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