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a crucial growth period for puppies and kittens

Virginie Gaillard : ROYAL CAN I N

May 12th 2025 a division of Mars Petcare



' /\ FROVALCANIN
* STARTU L g ey



e ROYAL CANIN

a division of Mars Petcare

m\
(oo

Mugnier et al. Prev Vet Med. 2019



e ROYAL CANIN

a division of Mars Petcare

The Dutch Famine
Nov 1944-May 1945

David Barker

Normal birth weight Low birth weight
T Adult obesity T Lower stature
T Hyperlipidemia T Bronchial diseases
T Cardiovasular diseases T Glucose intolerance

According to the period of exposition to the famine, the consequences
on long-term health were different

Barker. BMJ. 1990



David Barker

Barker. BMJ. 1990

The Barker hypothesis
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There is a link between

the alteration of the intrautrine environment
and the development of diseases at adulthood
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Developmental Origins of
Health and Disease
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Epigenetics

Adapted from Hanson and Gluckman. Physiol Rev. 2014
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Developmental Origins of
Health and Disease
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window of opportunity/susceptibility
that will program health/diseases at adulthood
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What's the equivalent
of 1000 days
for pets?
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Gestation

Preconception

Suckling period

Growth post -neutering or

Early growth pre-neutering or puberty :
& ' gory puberty to adult size

Effect of breed, sex and genetics

Stress: social interactions that are negative Jr do not promote resilience/coping strategies

Nutritional influences

Social aspelc's of development

Dam Gestation pre- & Weanin New h Neutering Adult size -
I == posl-jém:)sunlatlon Birth Weeks 558 W::ks ;Tlcz From~Month4| 824 months | Y63r  2years
) days
} &
| Birth | Age at Age at neutering
Health status of weight homing
| dam and sire e | o e e Weight managgment post
| e I 816 weeks BERISLIR
S s Colostrum & Offgpring: antibiotic treatment for
: Antibiotic treatment of dam e Tavaniens) il f e
Nutrition for Pregnancy & Offspring: weaning regimen (milk to
I fertility lactation diet of dam solids & ppst-weaning diet)
I Socialization eriod Juvenile enrichment period
|
I | Oogenesis | | | Folliculogenesis |
I [ Pre-sPG | | Development bf spermatogonia [ Spermatogenesis from puberty |
| bontrol of growth BCS (obesity factors)
I NuJition
I Gut miJrobiome

Breeding facility at the core of

I
| the critical window of developmental programming

Gaillard et al. Frontiers Vet Sci. 2022
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: ROYAL CANIN

400 French breeding facilities

7,700+ kittens
36 breeds
320,000 body weights

Al

19,000+ puppies
O 119 breeds
5> 430,000 body weights
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BIRTH

The Starting Point
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. Birth weight, a key health indicator

Very low birth weight

VLBW

Very high neonatal
mortality risk

WHO. International classification of diseases. 1977

Low birth weight

Moderate neonatal
mortality risk

e ROYAL CANIN

H m. a division of Mars Petcare

Normal birth weight

NBW

Low neonatal
mortality risk
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' Birth weight thresholds in humans

Intra-Uterine
Growth Restriction

IUGR

@ Full term: baby born small and
‘ physically mature

1500g 2500g
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Birth weight in puppies

Table 2
Birth weight, litter size, sex ratio, litter heterogeneity and mortality rates by breed for 6694 purebred puppies born in France (27 breeds).
Breed Breed size  Number of % of the total Mean birth Mean litter Sex ratio  Litter heterogeneity,  Litters with at Neonatal
puppies population weight, grams size (= 8D) % (IQR) least one mortality (%)
included [ + SD) stillborn (%)

Alaskan Malamute Large 104 1.6 562.5 ( + 93.3) 61(+£19 09 8.6 (6.7-11.1) 11.8 0.0
Australian Shepherd  Medium 420 6.3 363 ( £ 82) 7(=1.8) 1.0 11 (8.1-15.1) 23.3 5.7
Beagle Medium 124 1.9 309 ( = 50.4) 6.4(+16) 1.0 9.8 (6.2-11.9) 18.2 7.3
Bernese Mountain Giant 265 4,0 490.1 ( + 77.6) 67(x27) 10 9.1 (6.4-11.6) 34.1 9.8

dog
Bichon Frise Small 107 1.6 189 ( = 37.5) 56(+x22) 1.1 12 (9.3-16.6) 23.8 21.5
Boxer Large 123 1.8 464 { = 71.7) 6.7(+15 08 7.7 (6,2-10.1) 3l.6 9.8 .
Cavalier King Small 155 2.3 2254 ( £ 39.7) 48(+22) 10 9.9 (7.4-11.6) 42.9 13.5 HH .

Charles Spaniel . ar'ab'htY/OVerlap ln
Chihuahua Small 157 23 119.6 ( + 25.6) 28(x1) 1.2 9.4 (7-14.7) 8.6 1.3 bll"th Weight ac d.
Cocker Spaniel Medium 477 7.1 266.1 ( £ 64.1) 53(x2) 1.1 11 (8.3-16) 23.4 11.7 cor Ing
Coton de Tulear Small 159 2.4 1879 (* 355) 44(+186) 07 11.5 (7-14.4) 13.9 3.1 to adU|t size
Dachshund Small 152 23 184 ( = 36.5) 36(+16) 08 9.2 (5.3-15.6) 18.6 7.2
English Bulldog Medium 123 1.8 3159 ( + 68.1) 54(%2) 0.8 14.2 (8-15.9) 52.4 11.4
French Bulldog Small 111 1.7 237.6 ( £ 42.6) 51(+24) 1.1 11.4 (9.1-16.4) 15.4 15.3
German Shepherd Large 197 2.9 506.2 ( £ 93.8) 65(+x27) 1.0 7.9 (5.9-9.9) 32.0 10,2
Golden Retriever Large 483 7.2 3954 (£ 71.7) 72(x27) 10 9.4 (7-14) 39.7 8.1
Jack Russell Terrier  Small 122 1.8 202.1 ( + 36.2) 36017 10 11.7 (8.9-20.8) 26.3 9.8
Labrador Retriever Large 1,846 27.6 410.2 ( £ 69.7) 73(*+26) 10 8.6 (6,7-11.7) 34.1 6.2
Leonberger Giant 216 3.2 5167 (£ 104.1) 79(+38) 08 10.2 (6.9-13.8) 17.9 10.2
Lhasa Apso Small 153 2.3 187.5 ( £ 40) 45(+1.8) 1.2 9.2 (6.8-13.3) 20,6 12.4
Maltese Small 178 27 164.7 ( + 35.6) 49(+15 11 11.8 (7.8-15.5) 27.0 13.5
Newfoundland Giant 163 2.4 6303 (*+1121) 54 (=x22) 1.1 9.7 (6.7-14.3) 30.0 4.3
Pomeranian Small 117 1.7 152.1 ( + 40) 34(+£15 1.4 11.5 (6.3-15.8) 31.6 17.1
Rottweiler Giant 111 1.7 403.8 ( + 58.6) 7.6(x2) 1.4 9 (6-16.8) a7.5 18.9
Shih Tzu Small 225 3.4 176.4 ( = 27.9) 48(+21) 1.0 9.6 (6.3-12.3) 30.4 19.1
White Swiss Large 114 1.7 473.4 ( + 80.7) 65(+24) 09 7.5 (5.5-10.3) 22.2 6.1

Shepherd
West Highland White  Small 164 2.4 196.3 ( + 37.5) 42(%15) 14 8.6 (6.3-11.9) 38.7 16.5

Terrier
Yorkshire Terrier Small 128 19 142.3 ( £ 30.9) 43(x18) 09 11.3 (10,2-14.5) 22.2 7.0
Total 6,694 3454 (£ 142.1) 63(£27) 1.0 9.6 (6.8-14) 28.4 9.0
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Birth weight thresholds in puppies

0 100 200 300 400 500
| | | | | | ,
Maltese 3
Shih Tzu P 1
Bichon Frise B 3
West Highland I
White Terrier
Cocker Spaniel F =
Australian Shepherd T =
German Shepherd ;e 3
Golden Retriever T =
i P =
. olerance to LBW is Labrador Retriever
different even for simijar Rottweiler =
breed at adulthood
Mortality risk VLBW LBW m
0-21 days HIGH RISK Moderate Low risk

Mugnier et al. Prev Vet Med. 2019 .
Mugnier et al. BMC Vet Res. 2020 risk
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Birth weight in kittens .

Cluster 1: small litter sizes and average birth weights

0.034

Abyssinian/Somali, Persian/Exotic, Sphynx, Birman

0.021

Cluster 2: average litter sizes and average birth weights

0.014

Russian Blue/Nebelung, Egyptian Mau, Ragdoll, Siberian,
Bengal, Scottish/Highland, British,
Balinese/Mandarin/Oriental/Siamese

0.001

Cluster 3: average litter sizes and high birth weights
Fig. 5. Distributions of birth weights in the three clusters of breeds identified in feline

species. Maine Coon, Norwegian Forest, Chartreux
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Birth weight thresholds in kittens

LBW VLBW

Threshold 1 (Identification of Threshold 2 (Identification of Threshold 2 Threshold 1
Group Mé::n?:\h LBW Kittens) VLBW Kittens) 1 1
In Grams % of Mean BW In Grams % of Mean BW i b t ¢

Abyssinian /Somali 97.2 94 96.7 60 * 61.7 601 1 1
Balinese /Mandarin/Oriental /Siamese 954 82+ 859 78 81.8 -y 1 1
Bengal 88.2 84 95.2 60* 68.0 a‘:' | !
Birman 95.8 74 773 60 * 62.7 ?; : :
British 98.4 87 88.4 61 62.0 b 401 | |
Chartreux 1104 100 90.6 60 * 54.3 %‘ 1 1
Egyptian Mau 92.3 104 112.6 61 66.1 E 1 1
Maine Coon 119.1 81 68.0 75 63.0 E I ]
Norwegian Forest 109.9 94 85.5 60 * 54.6 =2 I I
Persian/Exotic 855 82 959 60 * 702 E 201 I I
Ragdoll 100.3 84 838 60* 59.8 E | |
Russian Blue /Nebelung 927 86 928 60 * 64.7 g : :

Scottish/Highland 89.5 77 86.0 60* 67.0 | | _
Siberian 99.3 90 90.7 63 63.5 01 I 1

Sphynx 903 76 842 60 * 66.5 v
= * Threshold established at the species level. BW: birth weight; LBW: low birth weight; VLBW: very low VLBW ! LBW : NBW
birth weight. (n=106) (n=1004) (n=4486)

“view | ow J new

HIGH Moderate Low risk
RISK risk

Mortality risk
0-21 days

Mugnier et al. Animals. 2023



Occurrence of death according to birth weight

“New
A B

Low birth weight kittens Normal birth weight kittens
n=211) n=197)

Period of death

. During the first two days of life
. Between Day 3 and Day 21

[ After the first three weeks of life

23.9% 22.8%

eath of LBW occurs
ealier, especially during
the first week

LBW

a. Low birth weight puppies
(n=318)

'ROYAL CANIN
M a division of Mars Petcare

b. Normal birth weight puppies
(n = 440)

Period of death

® Between Birth and Day 2
u Between Day 3 and Day 7
u Between Day 8 and Day 21
“ After Day 21
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' Weight gain during the first week
in healthy puyppies

200% 200%
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' Weight gain during the first week
in case of mortality

Percentage birth weight
evolution

@
~
=y

weight

50%
45%
40%
35%
30%
25%
20%
15%
10%

5%

0%
-5%

-10%
-15%
-20%

Day
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Day of death
2-4

- 5-7
> 62
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Compensatory growth in puppies

Mortality Over the 2 First Months of Age

Growth-Rate

Birth-Weight Threshold, % For Puppies  For Puppies with
Category Growth Rate H (CART For Al.ll with Growth Growth Rate Equal
Analysis) Puppies Rate below the  or Greater than the
Threshold Threshold
GR 0-1 975 ~18 21% 36% (1 = 359) 12% (1 = 616)
GR 1-2 898 ~26 17% 53% (n = 131) 11% (n = 767) effect of
LBW GR0-2 1038 04 17% 37% (1 = 284) 9.2% (n = 754) W and poor weight
GR 2-7 818 31 6.8% 28% (n = 106) 3.7% (n =712) gain
GR 0-7 892 31 6.7% 25% (n = 117) 4% (n = 775)
GR 0-1 5528 —4.1 5.4% 14% (n = 1002) 3.6% (n = 4526)
GR 1-2 5350 —7.1 4.5% 39% (n = 137) 3.6% (11 = 5213)
m GR 0-2 6351 —87 4.5% 23% (1 = 404) 3.2% (1 = 5947)
GR 2-7 5519 18 1.9% 13% (1 = 156) 1.6% (n = 5363)
GR 0-7 5919 26 2% 6.3% (1 = 474) 1.7% (n = 5445)

GRO—-1=

Mugnier et al. Animals. 2023

weight Day 1 — weight Day 0

weight Day 0

X

100
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Compensatory growth in kittens

TABLE 2 Thresholds of early growth rates discriminating for mortality rate over the first 2 months of life in kittens (CART analysis).

Birth weight Growth n Growth rate Mortality over the first 2 months of age Crowth rake 0-2
category rate siresnoy 1 Foral For kittens with For kittens with Mortality R S e
g _ kittens growth rate below growth rate equal or multiplication term 3 1 T
included the threshold greater than the between NBW and 8 . ab b be b od d d
threshold LBW =
- GRO-1 |95 13 L% | 32.5% (1 =203) _ 12.9% (n =722) ’ 25 %
W GR1-2 868 8.6 13.9% 23.3% (n = 339) 7.9% (n =529) 29 LAy
GR0-2 ‘ 891 9.5 13.7% A 27.9% (n=197) 9.7% (n =694) ' 29 E
GR2-7 " 804 42 YT 28.4% (n =81) ' 5.9% (n =723) ' 48 E
GR0O-7 | 844 58 8.1% [ 36.6% (n=71) . 54% (n=773) 6.8 g 04
GRO-1 3,831 1.1 4.1% 8.8% (1 =616) 3.2% (n=3.215) 2.8 &
m GR1-2 3,723 13 % | 13.4% (n = 403) 2.5% (n =3,320) ' 5.4 g
! v | . , B
GR0-2 3,825 1.7 % | 13.8% (1 =290) 2.9% (n =3,535) ' 4.6 E i ﬁ ﬁ
GR2-7 3,580 56 1.8% 3.1% (n =1723) 0.7% (n = 1857) 44 0 . . i i | i i
GRO-7 3,848 67 1.8% 5.3% (n =718) 19 (1 =3,130) ‘ 5.3 o o o OEJR — m“‘ o o o

FIGURE 3
Cumulative impact of birth weight and early growth on mortality rates of kitten

No tolerance to early
weight loss

COPYRIGHT MARS, INC. CONFIDENTIAL — INTERNAL USE ONLY
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' Optimal cath-up growth: neonatalogist’s dilemma
l::: Adult health issues
s AR * £ _[" (obesity, diabetes, CV)
60:0 ] Optimal growth trajectory:

44.9 sk — catching-up to the 30t centile at 4 months

Weight percentile (%)
3
o

400 . then moderate catch-up thereafter
300 | to the 50t centile at 7 years
200 Short-term
o e neuro-development
— — T e - e e — - A H
b , ' B ' + i ¥ ‘ Issues
Atbirth 4 months 1 year 4 years 7 years
=+ No catch-up growth (A) --=x---- Regre ssion after 4 months (B)
—-— Slow catch-up growth (C) —¥— Appropriate catch-up growth (D)

--a-~- Excessive catch-up growth (E)

hile beneficial in th
e sho
term, the catch-up growthrt
may be harmfull in
the long term

Lei et al. ) Pediatr. 2015
WHO Child Growth Standards



' The Thrifty Phenotype
D = B

|
= éﬁfx—-

| [

intake

T —

i

Hales and Barker. Diabetologia. 1992

. ¢ ROYAL CANIN
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Adaptation to early environmental exposure throught

epigenetic mechanisms
leading to health consequences later in life

The feetus has adapted to survive in a nutrient-poor
conditions in utero.

But once born, he’s not prepared to live in

an abundant rich food environment
fostering later obesity and metabolic diseases
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' What about pet’s birth weight dilemma?

carly mortality
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s ~
Centre 'Etude de Séeciion et
Elevage pour Chiens Guides
Ghveugies ot Autres Hancicapés

. LBW and obesity in dog

. LBW

Optimal
body weight

............ - 50- Overweight

70%

—
~~---
-~ -----------‘

’——————‘

{ A
' (o) !
_(95C1: 54-82) 25 : | 47% !
"""""" ~ Obesity | (95CI: 32-62) ]
Q1-Q2 Q3-04
(n=46) (n=47)
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Overweight and obesity by lifestages

Body condition during young
70 + = Overweight ~ ®mObese
B 60 or obese.
H n=541,972 (54.6%)
£ 50
w
o
£ 40
3 a
g
5 Not overweight or obese:
£ T
Early growth Late growth Young adult Adult Mature Senior
(N=262,315) (N=1,530,178) (N=1,135,797) (N=2,063,740) (N=1,291,335) (N=8980,577)

Body condition during young
70 1 = Overweight u Obese
E 801 or obese:
% 50 | n=153,466 (66.7%)
£ .0
5
g 30 4
g 20 A
0.4
[
o 10 | <0.0 - i ’
o n=76,505 )
Early growth Late growth Young adult Adutlt Mature Senior
(N=240,903) (N=352,430) (N=286,553) (N=485271) (N=278,062) (N=182,192)
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Montoya et al. Prev Vet Med. 2025
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Neonatal breed growth charts

KITTEN NEONATAL
RVES
GA&?CX(\Z,A-{T‘;\OLE:I{BREEDERS PUPPY NEONATAL
‘ GROWTH CURVES
APRACTICAL TooL FoR BRegpgps

Kocevar et al. Vet Res. 2022

2 months of age

¢ ROYAL CANIN
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From birth to



' A unique dataset

400 French breeding facilities

7,700+ kittens
36 breeds
320,000 body weights

19,000+ puppies
119 breeds
430,000 body weights

Each weight mesure is
associated with a:

Day of measure

Size
Breed

Animal ID
Sex

Breeding facility

s ROYA

L CANIN

ivision of Mars Petcare



Sex differences

3000 No gender difference
observed for puppy

9)

2000

Weigh

1000

60

Age (in day)

Sexe
— F
- M

e ROYAL CANIN

a division of Mars Petcare

900 Gender difference
observed for kitten

Weight (g)
5]

300

s
\ -
g S

R A AT

0 20 40

60
Age (in day)
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' Modelling of growth charts
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. Bengal kitten on DO (birth weight) — 287 measures, ranging from 40 g to 123g

Number of kitten
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14 kittens weight
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Number of kitten

e ROYAL CANIN
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Modelling of growth charts

Bengal kitten on DO (birth weight) — 287 measures, ranging from 40 g to 123g

18

14 kittens weight
94g on DO

16

14

12

10

s lieeia)]

HMLﬁI“-O‘leLﬁP\U\HmLﬁP‘-O\HmLﬁl“-
[e) o) le)] Cha

41
43
45
47
49
51
6

6

e e e e e e e o o e e e o o o ot e e e e e e e e e e et et et
e e e S e S e S e S e
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Modelling of growth charts

kitten

50% of the

¢ ROYAL CANIN

vision of Mars Petcare

Bengal kitten on DO (birth weight) — 287 measures, ranging from 40 g to 123g

50% of the
kitten

Median ‘ Also called 50th
90g centile
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Modelling of growth charts

kitten

75% of the

¢ ROYAL CANIN

vision of Mars Petcare

Bengal kitten on DO (birth weight) — 287 measures, ranging from 40 g to 123g

Y

the
kitten

25th
centile
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' Modelling of growth charts

. Same exercise for each time-points up to D62: even if the shape of the distribution
changes the centiles are connected

\
\

Median

D20
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' Modelling of growth charts

2000
91t centile
1800
1600 . 75% centile
1400
50th centile
1200
B 1000 _ 25% centile
et
5
‘o 800 9th centile
=
&00
400
200
0

Age (days)

Kocevar et al. Vet Res Commun. 2023.
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a division of Mars Petcare
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The Maine-Coon: a special case!
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+ How these growth curves have been built?

: How to use these neonatal growth curves?
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How to use the Neonatal Growth Curves?

This booklet presents the most accurate neonatal growth charts, available at the date of publication of this
booklet, from birth up to 2 months of age for more than 30 kitten breeds.

A growth chart allows you to track how a kitten's weight evolves from birth until 2 months old. For practicality
reasons, the growth chart Is displayed Into 2 graphs, firstly from birth up to 20 days of age, then from 21 to
62 days of age.

On a graph, you can see 5 reference Lines which correspond to the 9, 25, 50, 75 and 91 centiles from bottom
1o top respectively. The bottom reference line is the 9th centile curve. It indicates that 9% of kittens [of a given
population) have a weight below this curve. The upper reference line is the 91th centile curve. It indicates that
91% of kittens [of a given population] have a weight below this curve.

One kitten's weight can be anywhere on the graph, and even sometimes outside the weight curves represented.
Nevertheless, it should smoothly increase across time. To have the best visualization of your Kitten's weight
evolution we advise you to monitor it on a regular basis. Weight loss or the absence of weight gain for 2
consecutive days should alert you and encourage you to seek advice from your veterinarian.

Here are few tips using the neonatal growth charts:

1. Select the corresponding growth charts for your Kitten breed, phenotype and sex when available.
If the breed is not available, please use the generic Kitten growth chart [page 46).

2. Print one page for each Kitten of the litter and fill in the identity information.

3. Weigh the Kitten and plot the body weight on the growth charts:

4. It is important to use a scale that is accurate to at least 5 g. We recommend that you weigh the
kittens at regular intervals at the same time each day.

5. We advise to weigh the Kitten at birth then each day at least up to day 20 (graph on top). Then,
continue to weight the Kitten every other day as much as possible up to the end of the follow-up
period [graph on the bottom).
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Pediatric growth charts

rom 2 months of
age up to adulthood
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Healthy

: . MALE
% WALTHAM Puppy Growth Chart | s s weg: ®
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Growth alert



Take-home messages

Breeders can positively impact the health of
puppies and kittens once adults

Weighing is essential from birth

Catch-up growth must be managed cautiously to
limit mortality

Use and share the growth charts with the pet
ower: pevention is crucial in weight management

¢ ROYAL CANIN

vision of Mars Petcare




e« ROYAL CANIN

a division of Mars Petcare

virginie.gaillard@royalcanin.com



	Standardabschnitt
	Slide 1: The 2 first months of life :  a crucial growth period for puppies and kittens 
	Slide 2
	Slide 3
	Slide 4
	Slide 5: The Barker hypothesis
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15: Birth weight, a key health indicator
	Slide 16: Birth weight thresholds in humans
	Slide 17: Birth weight in puppies
	Slide 18: Birth weight thresholds in puppies
	Slide 19: Birth weight in kittens
	Slide 20: Birth weight thresholds in kittens
	Slide 21: Occurrence of death according to birth weight
	Slide 22
	Slide 23: Weight gain during the first week  in healthy puyppies 
	Slide 24: Weight gain during the first week  in case of mortality 
	Slide 25: Compensatory growth in puppies
	Slide 26: Compensatory growth in kittens
	Slide 27: Optimal catch-up growth 
	Slide 28: The Thrifty Phenotype
	Slide 29: What about pet’s birth weight dilemma?
	Slide 30: LBW and obesity in dog
	Slide 31: Overweight and obesity by lifestages
	Slide 32
	Slide 33: Neonatal breed growth charts
	Slide 34: A unique dataset
	Slide 35: Sex differences 
	Slide 36: Modelling of growth charts
	Slide 37: Modelling of growth charts
	Slide 38: Modelling of growth charts
	Slide 39: Modelling of growth charts
	Slide 40: Modelling of growth charts
	Slide 41: Modelling of growth charts
	Slide 42
	Slide 43
	Slide 44: Grouping breeds
	Slide 45: The Maine-Coon: a special case!
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52: How to use the Neonatal Growth Curves?
	Slide 53
	Slide 54: Pediatric growth charts
	Slide 55
	Slide 56: Take-home messages
	Slide 57


