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— OVERWEIGHT AND OBESITY DURING PREGNANCY
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Rates of obesity during pregnancy is

increasing —> adverse pregnancy outcomes

Obesity increases the risk of

v Birth-related complications

v Gestational diabetes and preeclampsia
v' Long-term disease risk (maternal)

v' Long-term disease risk (infant)

Birthweight as main predictor for
disease risk
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ARTICLE

Low birthweight is associated with a higher incidence of type 2

diabetes over two decades independent of adult BMI and genetic
predisposition
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ADIPOSITY AND LOW-GRADE INFLAMMATION

» Inflammatory biomarkers
> Lipid biomarkers

> Hormones

pro-inflammatory cytokines,
= hormones and free fatty acids

I
I
v

inflammation gk , _ , .
05 % T maternal insulin resistance - hyperglycemia

I
I
v

T foetal growth

Modified from Reynolds & Stirrat 2014
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— BREASTFEEDING AND LACTATIONAL PROGRAMMING

Breastfeeding 1 i ®
* Breastfeeding reduces the risk of e
later overweight in the offspring | Review arice

Systematic review and meta-analysis of breastfeeding and later
overweight or obesity expands on previous study for World
Health Organization

. L] _ L]
A p p et Ite re g u | a t I n g h O r m O n e S Bernardo Lessa Horta® | Nigel Rollins? | Mariane S. Dias!® | Valquiria Garcez! |
Rafael Pérez-Escamilla®

* Leptin, adiponectin, insulin

... But other mechanisms are
likely involved
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— HUMAN MILK STUDIES

» Diverging methodologies

Study design

Milk sample collection

Milk sample analysis

Outcome of interest

J RESEARCGH  OpenAcess

Does human milk composition predict later
risk of obesity? A systematic review

Mayara Vieira Queiroz De Paula'’, Maude Grant'?, Julie Lanigan' and Atul Singhal'

~——> High heterogeneity among studies
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MOTHER-MILK-INFANT TRIAD

Time of
collection
5 Collection
%?’ @ method

Feeding
mode

Analysis
method

~—— High risk of confounding

by o=
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Obesity and low-grade inflammation
during pregnancy and lactation
- Why and how is the evidence lacking?
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— THE MILQ STUDY
RESEARCH ‘
METHODOLOGY/STUDY 9
DESIGN CURRENT DEVELOPMENTS IN NUTRITION

Mothers, Infants
and Lactation Quality

Maternal and Pediatric Nutrition

— ~ 5
. LI
Aim was to develop reference

va | ues for Macro- and micronutrient The Mothers, Infants, and Lactation Quality (MILQ) Study: A Multi-Center
. . . Collaboration
concentrations in human milk

Lindsay H Allen,'? " Daniela Hampel,m Setareh Shahab-Ferdows,'? Maria Andersson,? Erica Barros,* Andrew M Doel,5 Kamilla Gehrt Eriksen,®

7T T T TN

Sophie Hilario Christensen,® Munirul Islam,’ Gilberto Kac,*' Farhana Khanam Keya,’ Kim F Michaelsen,® Daniela de Barros Mucci,? Fanta Njie,®
/ Janet M Peerson,! and Sophie E Moore*®

Why the MILQ study? To support WHO breastfeeding guidelines

» Current evidence is limited - few studies, low sample size, low generalisability

== ————
- -~ -
- ~

» National policies (dietary or supplements) < Vit A, B12, iodine BILL &
P y PP el "~ MELINDA

» Method development of analysing the human milk matrix fgi};ifn
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— THE MILQ STUDY

Pl: Dr Lindsay Allen
Tl 7y %

>4

California,

BEVIES
Lindsay Allen, PI

The Gambia

Bangladesh
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— DEVELOPING REFERENCE VALUES

‘ What will be created? L

> Percentiles (5th, 50t, 95t) of human milk concentr

How can we use them? W ..
) QC|IHIC?

> 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.




o’ KOBENHAVNS UNIVERSITET

— THE MILQ STUDY

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/m?2 Birthweight 2500-42009g
No chronic, severe illness Without any illness possible to affect
No gestational diabetes or breastfeeding, growth or
preeclampsia 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) —> Breastfeeding counselling

I - 7 N\

| Representing a healthy mother-infant cohort |

— - — — )

09-10-2023

12
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— THE MILQ STUDY

09-10-2023 13

MsLQ

Mothers, Infants
and Lactation Quality

-~
’ S
) \
=28%* /2300 . 24-72 hours 1.0-3.49 months 3.5-5.99 months 6.0-8.49 months
gastational week * gestational week \ posipartum postpartum posiparium posiparium
I \
! |
Inchosion Physical study visit (V) . Birth Wisit 1 (V1) Visit 2 (V2) Visit 3 (V3) Visit 4 (V4)
Maternal screening © - Fasting blood samples (r=0) / Infamt screening
\ -0GIT .
s - Plasma glucose (=060, a‘=121]}
\ L 4
*
\ !
L 4 \ ,
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— RECRUITMENT AND DATA COLLECTION

Data collection

v' Maternal and infant anthropometry and body composition

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

v
v" Dietary intake incl. milk volume (D20 and 24h test weighing)
v Maternal and infant morbidity

v

Cognitive development
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— BREASTFEEDING COUNCELING

e To support WHO recommendations of breastfeeding

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

I I 1 Oplever du, at maelken J Ukendt
* Fixed calls with questions st e W o en
« 5 days postpartum | Ved ikke
e 4 . ° g:r?rr\etarrr\‘sgnitédd;rgg: Anvender du suttebrikker Ja Ukendt
-5 weeks postpartum Beor gy o (ammebrikker)? i
Hvor lzenge planleegger du <4 m&neder Ukendt
at amme dit barn? 4-6 maneder dt
« Extra breastfeeding couns ior mange o 6-12 méneder
dognet ammer >12'm§neder dt
* For the ones with challenge Hvor mange g v e
du dit barn om Feler du, at du har stette Ja Ukendt
. 22:00 -05:59) fra din familie til Nej
° C .
For the ones with resources i o { AMRINgEN? b
maelkeproduktiv.. - Gyerproguktion
Underproduktion
Ved ikke

UNPUBLISHED DATA — DO NOT COPY OR DISTRIBUTE
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— THE MILQ STUDY

Primary analysis

Secondary analysis

Reference values for macro- and
micronutrient concentrations in
human milk

Human milk oligosaccharides (HMO)

Milk RNA (bacteria)

Milk volume (D20 and test weighing)

Inflammatory markers in human milk

Appetite-regulating hormones

Differences within infant sex

Infant growth and body composition

09-10-2023

16

MsLQ

Mothers, Infants
and Lactation Quality

(=

PhD
study
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Cytokines and appetite-regulating hormones in human milk
and associations with infant growth across four sites: The

Mothers, Infants and Lactation Quality Study
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— MAIN FINDINGS Paper 1

« Mediation analyses as a

statistical tool

mediator

exposure » outcome

& frontiers | Frontiers in
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Aifric O'Sullivan,
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Associations between maternal
adiposity and
appetite-regulating hormones
in human milk are mediated
through maternal circulating
concentrations and might affect
infant outcomes

Sophie Hilario Christensen'*, Jack Ivor Lewis?,
Anni Larnkjaer!, Hanne Frokizer?, Lindsay H. Allen?,
Christian Melgaard! and Kim F. Michaelsen!
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— MAIN FINDINGS Paper 1

" Infant plasma
appetite-regulating
hormones
. )
/‘ \\
/// \\‘
> (Inf i " / 24h total milk intake
- ilk intake per f
ot Appetlte— N antdml mLa e + milk intake per feed
~ "~ regulating and growt s Weight length,
Insulin «— . FMI and bodyfat%
_ hormones in
Adiponectin . . . o . . .
human milk Higher insulin in HM was associated with higher

infant weight and lower milk intake for boys only

But these results disappeared in
\_ mediation analyses Y,
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— MAIN FINDINGS Paper I

RERS MsLQ

. AN Mothers., Infants_
<28° 28% - 30% . 24-72 hours 10-349 months ~ 3.5-3.99 months  6.0-8.49 months E8 Lo ciglieig o L
gestational week gestational week \ Posiparium posipartum posiparium posiparium |
. \
l L]
l . I
‘ L
Incluston  »  Physical study visit (V) Birth Visit 1 (V1) Visit 2 (V1) fsit 3 (V3) Visit 4 (V4)
Maternal screening \ - Fasting blood zamples I:;!‘={I}' ‘—'—’ Infant screening
. -0GTI / \ }
N Plazma glucoze (=60, 5120} Y
. 7’
L ~=")
|
Pregnancy biomarkers (exposure) Birth outcomes Breastfeeding outcomes

Inflammatory. v Gestational age at birth v" Duration of EBF

hsCRP, TNF-a, IFN-y, IL-13, IL-6, IL-8 v’ Birthweight z-score v Human milk intake

Lipid.

. . v Placenta weight v Human milk concentrations
LDL, VLDL, HDL, triglycerides,
total cholesterol

Metabolic.
insulin, c-peptide, leptin, adiponectin
glucose (#=0, =120, HOMA-IR)
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Associations between inflammatory, lipid and metabolic markers and birth-related outcomes

Table 3. Associations between inflammatory, lipid and metabolic markers measured in maternal plasma at gestational
week 28-30 and pregnancy outcomes.

a) Gestational age at birth (weeks) b) Birthweight z-score c) Placental weight (z)

f Q3% CI p-value G Q3% CI p-value

Lipid
HDL (mmolL)
LDL {mmolL)
Log-VLDL
Total cholesterol

(mmol/L)
Triglyceride
(mmolL)

Metabolic

Leptin (ng/mL)
Adiponectin (pg/mL)
Insulin (pmolL)
c-peptide (pmol/L)
Glucoze (mmol/L)
(OGTT, =0)
Glucose (mmol/L)
(OGTT, =120
HOMA-IR

HOMA-IE

-0.01

2.12--0.13
0.32-0.44
0.21-024

040 -041

-0.43-1.03

-0.03 - 0.04
019051
-0.02-0.01
-0.00 = 0.00

-0.54-1.45

0.39-031
-0.48 - 0.46

048 -048

0.97

0.11

0.60

0.22

-1.51--033
-0.24 -0.22
0.00-0.27

0.17-1.05

-0.01-0.03
041-0.01
0.01-0.01
-0.00 - 0.00

0.03-041

-0.23-0.45 0.51

<0.01
0.93
0.052

0.63

=0.01

0.49
0.063
0.73

0.21

0.03

4.62

L

1.18
-15.87
0.10
0.11

-2.77

-5.98

4.62

4348 -34.73

-144.03 - 39,69
-14.34 - 3499
190 —42.43

-1.82-4.18
-47.30-15.76
-1.63-1.83
0.14 -0.36

-91.86 - 86.32

-40.17-22.21

4348 -34.73

0.33

Models were adjusted for the following covariates: a) maternal pre-pregrancy BMI age and parity; b) maternal pre-pregnancy BMI, age, parity and
infant sex; and c) maternal pre-pregnancy BMI, age and parity. p-values in bold indicate significance (p<0.03), and p-values in ltalic indicate borderline

significance (p<0.1).

HDL = High-Density Lipoprotein; HOMA-IR = Homeostasis Model Assessment of Insulin Resistance; hsCRP = high-sensitive C-Reactive Protein ;
IFNy = Interferon-y; IL = Interleuking LDL = Low-Density Lipoprotein; OGIT = Qral Glucose Tolerance Test; INFa = Tumor-Necrosis Factor-a;
VLDL = Very Low-Density Lipoprofein
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Associations between inflammatory, lipid and metabolic markers and breastfeeding outcomes

Table 4. Associations between inflammatory, lipid and metabolic markers measured in maternal plasma at gestational week 28-30

and breastfeeding outcomes.

a) Duration of EBF (months)

b) Human milk intake (mL/kg)

¢) Human milk marker (conc.)

Gestational markers i 95% CI p-value i 35% CI p-value B 95% CI p-value
Tnflammatory

Log-hsCRP 0.21 -0.38-0.79 0438 -6.81 -18.70 - 6.07 0.30 - - -

Log-TNFu -0.06 -051-03%9 0.80 -1.58 -10.86 — 7.69 0.74 -0.04 -0.32-023 0.80

Log-IFNy 0.06 023-035 0.70 1.18 -4.80-7.16 0.70 -0.23 -0.33 -0.06 0.12

Log-IL& -0.15 -0.56-0.26 0.4%6 0.63 -8.71-9.96 0.90 -0.09 -0.46-028 0.63

Log-ILE -0.08 -0.43-027 0.64 -3.06 -10.77 - 4.65 0.43 -0.21 -0.77-034 0.435
Lipid

HDL (mmol/L}) 1.03 0.07 -2.00 0.04 19.47 -1.81 —-40.75 007 -

LDL {mmelL) 0.06 -0.26-038 0.70 544 -1.31-12.20 0.11 -

Log-VLDL 0.11 -0.10-032 0.31 2.38 -213-6.89 0.30 -

Total cholesterol 020  -0.16-055 027 1117 235-1998  0.01 -

(mmolT)

Triglyceride (mmolL)  0.36 -033-1.05 0.29 248 -13.15-18.10 0.75 -
Metabolic

Metabolic

Leptin (ng/'mL) 0.03 0.00 —0.06
Adiponectin

(ng/mL)
Insulin (pmol/L)

c-peptide (pmolL)
Glucose (mmol/L)
(OGTT, t=0)
Glucose (mmol/L)
(OGTT, t=120)
HOMA-TR

IFNvy = Imﬁzmn—v IL = Interieurin; LDL = Low-Densitv Lipoprotein;

VLDL = Very Low-Density Lipoprotein

-0.01
1.46

-0.44
-0.03

14.44

0.13
-1.34

-0.70 - 0.67
-4.85-7.77

-0.87--0.02
-0.08 —0.02

-4.10-32.99

-5.81-6.07
-11.97 - 528

0.00 —-0.06 0.031

006 —0.30 =0.01
-0.01 -001 0.92

OGIT = Oral Glucose Tolerance Test; TNFo = Tumor-Necrosis Factor-a;

23
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Predictors of inflammatory, lipid and metabolic markers in pregnancy

Table 5. Maternal predictors of inflammatory, lipid and metabolic markers measured at gestational week 28-30.

Maternal pre-pregnancy EMI Maternal age Parity
Gastational markers B 93% CI p-value i 93% CI p-value B 93% CI -value
Inflammatory
Log-hsCRP 0.10 0.04-0.16 =0.01 -0.00 -0.053-0.04 0.20 0.36 -0.04-0.76 0.076
Log-TNFu 0.10 0.01-0.18 0.03 0.00 -0.03-0.08 0.38 0.41 -0.16-0297 0.1%
Log-IFNy 0.10 -0.01-021 0.068 -0.00 -0.08 - 0.07 093 -0.07 -0.80—0.66 0.83
Log-IL& 0.07 001 -0.18 0.076 -0.03 -0.08 -0.03 0.38 0.09 -0.46 —0.65 0.73
Log-IL% 0.04 -003-012 0.40 -0.04 -0.10-0.02 0.24 0.21 -036-0.79 0.47
Lipid
HDL {mmolL) -0.02 -0.03-0.01 -0.00 -0.03-0.02 082 0.03 -0.17-028 0.63
L oo o O 07 i AT O 07 [ ! ! g

Meitabolic

Leptin (nz/mL) 241 1.31-3351 1.78-12.61
Adiponectin (pg/ml)  -0.09 -0.19-0.01 0.00 -0.06 —0.07 -0.58-0.72

Inzulin (pmol/L) 5.04 295-7.13 -1.74 -3.20--02% 63 1872043
c-peptide (pmolL) 3.25 20.38 - 46.12 =7.13 -1607-1.77 0898 -70.20

Glucose (mmolL) 0.02 -0.02 - 0.05 0.03 0.01 - 0.06 . 0.26-0.21
(OGTT, =0)

Glucose (mmolL) 0.07 -0.04-0.17 . -0.00 -0.08 - 0.07 . -0.85-0.48
(OGTT, =120)

HOMA-IR 0.16 0.09 —0.24 0.03 20.08-0.02 _ 17 -0.68-033

Models included all three covariates: maternal pre-pregnancy BMT (kg/m’), age (vears) and paritv (rulliparous vs. multiparous). p-values in bold indicate
significance (p<0.03), and p-values in ifalic indicate borderline significance (p<0.1) HDL = High-Density Lipoprotein; HOMA-IR = Homeostasis Model
Assassment of Insulin Resistance; hsCRP = high-sensitive C-Reaciive Protein [ IFNv = Interforon-y, IL = Interleukiny LDL = Low-Density Lipoprotein; OGIT
= Oral Glucose Tolerance Test; TNFa = Tumor-Necrosis Factor-a; VLIDL = Very Low-Density Lipoprotein

24
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Conclusion & Discussion

Inflammatory markers

AV s-cre
V4 TNF-a
P IFN-y
” 1L-6 Birth-related outcomes
IL-8 .
Pre-pregnancy BMI Gestational age
\ Lipid markers . _
\ DL Birthweight z-score
Age LDL .
VDI Placental weight
Total-cholesterol
Iriglycerides Breastfeeding outcomes
Parity Metabolic markers wmm Duration of exclusive breastfeeding
Lepz‘/h iy Human milk intake
Adiponectin
g Insuiin Human milk markers
Positive associations c-peptide

Glucose (t=0)

> Glucose (t=1
Inverse associations HOMA-IR

25
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- M AI N FI N DI N G S PBPEI‘ lll Cytokines and appetite-regulating hormones in human milk

and associations with infant growth across four sites: The

Mothers, Infants and Lactation Quality Study

Sophie Hilario Christensen!, Jack Ivor Lewis!, Hanne Frokizr?, Peter Riber Johnsen?, Janet
Peerson®, Xiuping Tan*, Setereh Shahab-Ferdows?, Daniela Hampel’#, Munirul Islam’,
Gilberto Kacf, Daniela de Barros Mucci’, Amanda C Cunha Figueiredo®, Sophie E. Moore®?,

Christian Melgaard!, Lindsay H Allen®#, Kim F Michaelsen!

Aim
1. To compare HM composition between sites

2. To associate HM composition with infant growth

 Human milk samples collected at 1-3.5 months (n7=820) from all sites

UNPUBLISHED DATA — DO NOT COPY OR DISTRIBUTE
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gram negative commensals
@‘ bacteria
‘ : \‘\\\
e E AT T
|nteTt|n Ieprhel al cTIIs ‘: ' ‘ ‘ '
0/0/0/0/00/0:0 000 .
dendritic cell ’ E
A ;
......... > E
naive T cell
O " ®
Q¢ ; LX)
IFNy, IL-2 ¢ IL-4,1L-10,
IL-13, IL-33

UNPUBLISHED DATA — DO NOT COPY OR DISTRIBUTE Adapted from Zhang et al. 2022 & Jahnavi Konduru 2022

naive T cell
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— OTHER FINDINGS FROM THE MILQ STUDY

* Subclinical mastitis > does SCM affect HM volume or composition?

UNPUBLISHED DATA — DO NOT COPY OR DISTRIBUTE
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— OTHER FINDINGS FROM THE MILQ STUDY

* Subclinical mastitis > does SCM affect HM volume or composition?

g mmmmm " " T e

n
—
[e— ".

.~—HM macronutrients - do concentrations affect infant growth? .

'd
e HM_ volume

e

b
> do volumes affect infant growth? or HM macros? — =~

I

UNPUBLISHED DATA — DO NOT COPY OR DISTRIBUTE
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— HUMAN MILK VOLUME AND MACRONUTRIENTS

Association between HM fat concentration and total milk intake
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— HUMAN MILK VOLUME AND MACRONUTRIENTS

Association between HM fat concentration and total milk intake
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— OTHER FINDINGS FROM THE MILQ STUDY

* Subclinical mastitis > does SCM affect HM volume or composition?
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« HMO —> do concentrations affect infant growth?
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— HUMAN MILK OLIGOSACCHARIDES

To be continued...
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— OTHER FINDINGS FROM THE MILQ STUDY

* Subclinical mastitis > does SCM affect HM volume or composition?
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— do concentrations affect infant growth? or r milk voleme?

« HMO —> do concentrations affect infant growth?

 Jodine -> lodine excretion through HM
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— OTHER FINDINGS FROM THE MILQ STUDY

* Subclinical mastitis > does SCM affect HM volume or composition?

u " " »
. — T —

.+—HNT macronutrients > go concentrations affect infant growth? T~ N
~. Milk vo Iirr_\e_ _ —> do concentrations affect infant gro WZ'/_)Z or m/VLval&mﬁ ‘
« HMO > a’o. CO/’).CE’/’) z:ra_z‘/'c;ns a:ffec;‘ infant growth?
 Jodine -> jodine excretion through urine vs. HM
« Milk RNA > characterizing the interplay between HM bacteria,

HM cytokines, morbidity incl. SCM, milk volume and
breastfeeding outcomes
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— OUTLINE
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- Why and how is the evidence lacking?
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— STRENGHTS & LIMITATIONS
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Strong longitudinal
design — but still a risk
of confounding
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Methods
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Paper III
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— TAKE HOME MESSAGE

* Overweight and/or inflammation in pregnancy and lactation may affect

bll‘th OutcomeS and HM CompOSItIOI’I 9 TABLE 1 Participant characteristics at inclusion.

Maternal characteristics All
(1 =223)

¢ ImpliCatlonS fOF the infant are Cha”engin|E’rf-prf;_rnan;}'ﬁ."ril-ILc;.r;':u-"J 22.5 (2.5)

BMI = 25 kg/m? 32 (14)

. . . Gestational weight gain (kg) 13.4 (4.4)
« Absorption of components in the infant gut —}

Apge (years) 31.5 (3.4)

f ’ d . f . | . Higher education
» Infant's own production of appetite-regulating = .
» Interplay between the above? Medium (3-4 years)

Long (>4 years)

Household income ([VEE**)

* Generalisability of results = very selected sons

00, D00 - S00 990
- | 00,0
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