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a b s t r a c t

Birth weight is one of the earliest health parameters with short (neonatal period) and long term
(adulthood) implications for an individual. The present work was conducted on the domestic cat, with
the objective of determining factors affecting kitten birth weight. Data voluntarily shared by 139 French
breeders allowed building a large dataset of purebred kittens (n ¼ 3,547) from 15 breeds. A linear mixed
model with queen and cattery as random terms was used to investigate variation factors of kitten birth
weight such as breed, litter size, season of birth, age of the queen, presence of stillborn in the litter, sex of
the kitten. The most important factor was breed which explained 25% of the variation in birth weight
observed in the study population. The five other parameters were also significant but explained only a
small additional part of the variance (less than 3% each). Analyses showed that kitten birth weight
increased with the age of the queen, was higher in males than females and in litters without stillbirth
than in litters with at least one stillborn. In addition, lower birth weights were recorded in summer and
autumn compared to other seasons, and birth weight values decreased as the number of kittens in the
litter increased. In order to group feline breeds according to their average birth weights and litter sizes, a
K-means algorithm was used to identify three clusters among the 15 breeds represented (Group 1: small
litter sizes/low birth weights; Group 2: large litter sizes/intermediate birth weights; Group 3: large litter
sizes/high birth weights). This study, based on a large dataset established at the national scale, provides
reference values of feline birth weights for breeders and veterinarians. The next step could be to explore
the relationship between birth weight and neonatal mortality to help identify neonates requiring specific
care.
© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Extreme birth weight, whether low or high, is identified as a
major risk factor for perinatal and postnatal mortality in a large
variety of species [1e4]. In addition to its impact on short-term
morbidity and mortality, known for several decades, birth weight
nowappears to be related to health in adulthood [5e7]. As evidence
of intrauterine growth, birth weight is the earliest indicator of new-
born health in both the short and long terms. Thus, precise
knowledge of normal birth weight values and the identification of
influencing factors (foetal, maternal and environmental) are
essential. Whereas such studies have been widely conducted in
ier).
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species such as pig, bovine and rabbit [8e11], there are few pub-
lications on birth weight in the feline species, despite the increasing
number of purebred cats (from 15,842 registered pedigrees in
France in 2003 to 52,395 in 2020 [12]). A search with the keywords
“birth weight” and “kitten” in PubMed returned less than ten
coherent results versus about 700 results when associated with
“piglet”.

Available data estimate a normal kitten's birth weight at
100 ± 10 g (mean ± standard deviation, SD) [13,14] with adult body
weights ranging from 3 to 10 kg depending on the breed [15]. In
dogs, significant differences in birth weight were found not only
between breeds but also between breeds with the same adult body
weight [1]. The cat is characterised by less variation in size than the
dog but the results obtained in the canine species suggest that fe-
line birth weight should still be studied by breed.

The objectives of the present study were to describe birth
e under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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weight values in a large population of purebred kittens at the
country scale and to explore birth weight variation factors.
2. Materials and methods

2.1. Study population

This study was based on data collected through a questionnaire
administered to French purebred cat breeders from 2016 to 2020. It
was distributed through articles in breeders' journals, using direct
mailings and Facebook®messages during feline exhibitions and via
various cat breed associations. The completion of the questionnaire
was voluntary. Recorded data included information about the litter
(date of birth, breed, litter size and the presence of stillborn in the
litter), queen (identity and age at queening) and kittens (sex and
birth weight). The birth weight was the first weight measured on
site by the breeders (immediately or a few hours after birth) using
their own scales. The information collected was transferred anon-
ymously into an Excel table (Microsoft Corporation, Redmond,
Washington, USA) for analysis with the breeders’ approbation.
2.2. Data management and analysis

All statistical analyses were performed using R software version
4.1.2 [16].

Varieties of the same feline breed were grouped for the ana-
lyses: Abyssinian and Somali, Exotic and Persian, Russian Blue and
Nebelung (short and long-haired version of each). Finally, Orientals
were grouped with Mandarins (long-haired version), Siamese
(colorpoint version) and Balinese (long-haired colorpoint version)
[17,18]. The dataset used for the analysis excluded data from kittens
born before 2000, from stillborn neonates and from kittens with no
birth weight value provided. All rows containing missing values on
the parameters of interest (see below) were also excluded. Finally,
we only selected kittens belonging to a breed with more than 50
individuals following the sorting steps described previously.

After a description of the population studied, a linear mixed
regression model was applied to identify potential relationships
between the response variable (birth weight) and the various
candidate explanatory variables: breed, sex, season of queening
(meteorological seasons), presence of stillborn in the litter, litter
size and age of queen. Cattery and queen were introduced as
random terms to deal with the non-independence of kittens
belonging to the same cattery and born from the same mother. Due
to right-skewed distribution, the variable “Age of queen at delivery”
was log-transformed. The model was built using the lmer function
of lme4 package [19]. The normal probability plot of residuals and
the plot of residuals versus predicted values were generated to
check whether the assumptions of normality and homogeneity of
variance had been fulfilled. The least square means of the factors
were obtained from this mixed model and pairwise comparisons
were performed using Tukey's Honest Significant Difference
method. A value of P < 0.05 was considered statistically significant
and statistical uncertainty was assessed by calculating 95% confi-
dence intervals (95CI).

Finally, breeds were clustered based on their average birth
weight and their average litter size using K-means cluster analysis.
Data were standardized because the two variables had different
scales and values (formula: y ) (x e mean) ÷ standard deviation).
Euclidean distance was used as a distance metric. The suitable
cluster number was determined using silhouette analysis [20].
Litter size and birth weight averages by cluster were compared
using a one-way ANOVA followed by pairwise comparisons with
Bonferroni correction.
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3. Results

3.1. Population characteristics

Data from a total of 3,547 live-born kittens from 15 breeds
contributed to the analyses (Table 1). In total, 932 litters born be-
tween 2016 and 2020 in 139 French catteries were included. The
top-ten breeds owned in France were represented in the dataset
[21]. The number of kittens included per breed ranged from 55 for
Scottish/Highland to 582 for Maine Coon (median ¼ 179). The
global mean litter size was 4.2 (SD: 1.7) kittens and 82% of litters
had no stillbirths. The mother's age at parturition ranged from 0.6
to 10.6 years (mean: 2.9; SD: 1.8 years). Sex ratio was calculated as
1.1 (1,894 males vs 1,653 females); 69% of the kittens included were
born in spring or summer (2,453/3,547). Fig. 1 shows the birth
weight distribution of the population studied, with values ranging
from 41 g (a Persian/Exotic kitten) to 182 g (a Norwegian Forest Cat
kitten; Fig. 1) with a mean at 101.9 g (SD: 18.8, Appendix A).

3.2. Factors influencing kitten birth weight

The results of the multivariable model revealed that all the
factors considered had significant effects on kitten birth weight
(Table 2). The fixed effects explained 33% of the variation in the
birth weight observed in the study population and the full model
(i.e., including random terms) explained 68% of this variation.

The most important parameter was breed which explained 25%
of the variation in birth weight (partial R2 ¼ 24.8, 95CI: 21.5e30.2).
Thus, significant differences between breeds were observed
(P < 0.001) and Fig. 2 shows the least square means per breed and
the results of pairwise comparisons.

The other five parameters (sex, litter size, season of birth,
presence of stillborn in the litter and age of the queen) each also
explained only a small part of the variation in birth weight (less
than 3%). The least square means of the birth weight of male and
female kittens were 98.8 g (95CI: 96.9e100.8) and 93.8 g (95CI:
91.9e95.8) respectively, while the least square means of the birth
weight of kittens born in litters with at least one stillborn was
95.2 g (95CI: 92.9e97.5) versus 97.5 g (95CI: 95.6e99.4) for kittens
from litters without stillborn. Birth weight increased with the age
of the mother at queening (P ¼ 0.012) but decreased with
increasing litter size (P < 0.001). With every increase of one kitten
in the litter, the birth weight decreased by 2.6 ± 0.2 g
(estimate ± standard error). Finally, there was a significant effect of
season of birth, with kittens born in summer or autumn weighing
significantly less than those born in spring or winter (Fig. 3).

3.3. Breed clustering

Based on the optimal number of clusters defined by the
silhouette method, 3 groups of feline breeds were identified by the
K-means algorithm (Fig. 4). The three clusters were significantly
different from each other in terms of both birth weight and litter
size. The first cluster contained four breeds (Sphynx, Birman, Per-
sian/Exotic and Abyssinian/Somali) and was characterised by
smaller litter size (3.8 ± 1.1 kittens) and lower birth weight
(93.0 ± 14.0 g) as compared with the two other groups (P < 0.001
for each pairwise comparison). The second group included 8 breeds
(Balinese/Mandarin/Oriental/Siamese, Bengal, British, Egyptian
Mau, Ragdoll, Russian Blue/Nebelung, Scottish/Highland and Sibe-
rian) and was intermediate in both litter size (5.0 ± 1.5 kittens) and
birth weight (97.1 ± 16.2 g). Finally, Maine Coon, Norwegian Forest
and Chartreux kittens defined a third group characterised by higher
birth weights (113.8 ± 18.8 g) and intermediate litter sizes (5.2 ± 1.7
kittens) compared with the other groups. Fig. 5 shows the



Table 1
Description of the 15 feline breeds represented in the population studied.
*some catteries produced kittens from different breeds; **sex ratio: number of males/number of females.

Breed Number of kittens
included

% of the total
population

Number of
catteries*

Number of
litters

Mean birth weight,
grams (±SD)

Mean litter size
(±SD)

Sex
ratio**

Litters with at least one
stillborn (%)

Abyssinian/Somali 179 5.0 5 59 96.2 ± 11.6 3.2 ± 1.2 1.3 6.8
Balinese/Mandarin/

Oriental/Siamese
96 2.7 5 25 95.5 ± 13.2 4.3 ± 2.3 1.2 12.0

Bengal 102 2.9 7 28 88.6 ± 13.3 4.5 ± 1.6 1.1 17.9
Birman 276 7.8 20 87 96.2 ± 14.7 3.6 ± 1.2 0.9 17.2
British 458 12.9 14 117 97.5 ± 15.9 4.4 ± 1.5 1.2 21.4
Chartreux 106 3.0 2 27 117.6 ± 17.6 4.1 ± 1.1 1.1 7.4
Egyptian Mau 114 3.2 6 28 92.3 ± 21.5 4.6 ± 1.3 1.2 32.1
Maine Coon 582 16.4 32 143 118.7 ± 19.3 4.6 ± 2.1 1.3 23.8
Norwegian Forest 506 14.3 11 120 107.4 ± 16.5 4.5 ± 1.7 1.2 13.3
Persian/Exotic 214 6.0 12 72 87.0 ± 11.8 3.3 ± 1.2 1.0 16.7
Ragdoll 258 7.3 6 61 100.1 ± 14.1 4.6 ± 1.5 1.1 21.3
Russian Blue/Nebelung 94 2.7 3 20 91.7 ± 14.8 4.8 ± 1.7 1.1 5.0
Scottish/Highland 55 1.6 6 14 90.4 ± 12.0 4.4 ± 1.3 0.8 21.4
Siberian 427 12.0 13 106 100.7 ± 16.5 4.5 ± 1.7 1.2 20.8
Sphynx 80 2.3 8 25 90.8 ± 16.2 3.7 ± 1.7 0.9 24.0

Total 3547 100 139 932 101.9 ± 18.8 4.2 ± 1.7 1.1 18.2
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comparison of the birth weight distribution of the three clusters.
4. Discussion

The kitten birth weight range (from 41 to 182 g) of this study
was similar to that reported in the literature [13,22e24]. For the
first time, the influence of various factors on birth weight was
examined in a large population of purebred kittens (n ¼ 3,547).

The present study confirmed the influence of breed on kitten
birth weight [13,23,24]. As expected, the heaviest birth weights
were measured in breeds of the largest adult size, namely Maine
Coon and Norwegian Forest cat. Chartreux, despite being of average
adult weight, was seen to have kittens whose birth weight was
among the heaviest (Table 1, Appendix A). Such a discrepancy be-
tween birth and adult weights was also observed when comparing
Birman and Oriental kittens (Table 1, Appendix A), thus with similar
birth weights whereas their adult weight varied considerably [15].

Intra-uterine capacity could be a factor in explaining these breed
differences as it can have an impact on the individual foetal growth
of kittens and consequently on their birth weight. Indeed, in
placental mammals, the birth weight of new-borns decreases as the
Fig. 1. Birth weight distribution (n ¼ 3,547 kittens).
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litter size increases [25]. The average litter sizes observed in the
present study were consistent with those reported in previous
studies [24,26e28] and the present study confirmed the negative
relationship between litter size and birth weight in the feline
species [13,22]. Nevertheless, the relationship is complex, as evi-
denced by the K-means algorithmwhich identified three groups of
breeds with significantly different birth weights and litter sizes
(Fig. 4). Thus, differences in birth weight between breeds cannot be
explained by differences in litter size only. These results suggest
differences in growth kinetics within the feline species, with pro-
portionally different intrauterine and postnatal growths, depend-
ing on the breed. The comparison of intrauterine growth through
birth weight between breeds would be completed interestingly by
a comparison of the postnatal growth of the various feline breeds.
Moreover, in this work, data were asked from breeders over a
restricted period of time (5 years from 2016 to 2020): a historical
perspective, comparing more ancient birth weights within breeds,
would allow show whether any modification occurs, especially
when analysed with regard to the parallel potential modification of
adult weight.

Concerning the other factors assessed, first, as in the adult cat
[15], kittens exhibited marked sexual dimorphism at birth, with
males born approximately 5% heavier that females (Table 2). This
result is consistent with a previous study conducted on 279 Maine
Coon kittens [22]. Naturally, the reproductive activity in the feline
species is seasonal (occurring in spring and summer in the North-
ern hemisphere). Thus, the influence of season on birth weight was
assessed in the present work. Birth weights were observed to be
higher in spring and winter compared with summer and autumn.
The season of birth is known to influence birth weight in various
species, seasonal (lambs born heavier in spring [29]) or not (human
infants born heavier in spring [30] and guinea pig pups heavier in
autumn and winter [31]), but not in pigs (non-seasonal) [32]. In
rabbits, heat stress is responsible for birth weight decrease in
summer compared with winter [10,33] whereas in ruminants, the
photoperiod together with nutrition variations could be involved
[9,34]. To the best of our knowledge, no other study has tested the
influence of season on birth weight in the feline species. Since most
purebred cats are managed indoors with no modification of their
diet with season, an influence of photoperiod on foetal growth
could be hypothesized and would require further investigations. In
the present study, the age of the damwas positively correlated with
the birth weight of kittens but this relationship will need to be



Table 2
Linear mixed regression model analysis for kitten birth weight (n ¼ 3,547 kittens).
Cattery and queen were included in the model as random-effects. Coeff, coefficient;
SE, standard error.

Parameter Coeff. SE p

Intercept 99.865 3.565
Breed Abyssinian/Somali <0.001

Balinese/Mandarin/
Oriental/Siamese

2.313 5.138

Bengal �3.762 5.110
Birman 1.648 3.977
British 2.914 4.126
Chartreux 19.124 5.217
Egyptian Mau 1.837 5.161
Maine Coon 29.585 3.787
Norwegian Forest 14.224 4.129
Persian/Exotic �8.634 4.359
Ragdoll 9.271 4.731
Russian Blue/Nebelung 3.157 6.192
Scottish/Highland 0.363 5.537
Siberian 7.802 4.210
Sphynx �3.123 4.987

Litter size �2.610 0.214 <0.001
Sex Female <0.001

Male 5.000 0.401
Season of birth Autumn <0.001

Spring 2.827 0.725
Summer �0.682 0.784
Winter 2.910 1.051

Presence of stillborn
in the litter

No 0.006
Yes �2.297 0.833

log(Age of queen) 1.465 0.582 0.012

Fig. 3. Least square mean of birth weight according to season of birth.
Any two seasons receiving the same letter at the top of the bar were not significantly
different, as per Tukey's HSD method. The error bars represent the standard error of
the least square mean values.
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studied further. Indeed, in this study population, 75% of the kittens
were born to queens under the age of 4 years. A further study could
be conducted by specifically recruiting cats that give birth at older
ages.

The data collection performed to build the dataset led to the
inclusion of 15 feline breeds out of the 71 officially registered. The
10 most represented breeds in France belonged to the study pop-
ulation [12]. To the best of our knowledge, this study was based on
one of the largest populations of cats in field conditions (n ¼ 3,547
live-born kittens). However, the data was collected from volunteer
Fig. 2. Least square mean of birth weight for the 15 breeds represented.
Any two breeds receiving the same letter at the top of the bar were not significantly
different as per Tukey's HSD method. The error bars represent the standard error of the
least square mean values. Number of kittens included for each breed is detailed in
Table 1.
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breeders and such sampling may lead to selection bias. For
example, breeders who are more sensitive to health issues and
wish to better understand them could be over-represented.
Another bias comes from the different birth weight measurement
conditions, including different scales and non-standardized delays
after birth (immediately or after a few hours). These drawbacks are
inherent in multisite data collection and the retrospective nature of
the study.

Not all the parameters influencing birth weight can be discussed
in this study. Further investigation and the collection of new data
on other potential factors influencing birth weight described in
other species (e.g., queen nutrition, weight of queen and tomcat,
etc.) are warranted. Moreover, additional data recording would be
necessary to collect data on the missing breeds and, if conducted
Fig. 4. Representation of the three clusters of feline breeds identified by K-means
algorithm depending on their average birth weight and their average litter size.
Cluster 1 (in red): small litter sizes and average birth weights (n ¼ 4 breeds),
Cluster 2 (in green): average litter sizes and average birth weights (n ¼ 8 breeds),
Cluster 3 (in blue): average litter sizes and high birth weights (n ¼ 3 breeds).



Fig. 5. Distributions of birth weights in the three clusters of breeds identified in feline
species.
Cluster 1 (in red): Abyssinian/Somali, Birman, Persian/exotic and Sphynx.
Cluster 2 (in green): Balinese/Mandarin/Oriental/Siamese, Bengal, British, Egyptian
Mau, Ragdoll, Russian Blue/Nebelung, Siberian and Scottish/Highland.
Cluster 3 (in blue): Chartreux, Maine Coon and Norwegian Forest
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internationally, would also allow exploring whether birth weight
diverges according to country, lineages, management and selection
process. In the near future it will also be necessary to explore the
consequences of birth weight on the health of kittens and cats in a
large population. Indeed, as in dogs [1,35], birth weight, which is an
easily measurable criterion, would help breeders and veterinarians
to identify early kittens that need special attention and care.
5. Conclusions

In conclusion, this large-scale epidemiological study provided
knowledge on birth weight in purebred kittens. It described the
birth weight values and the factors of variation, the most important
of which was found to be breed. This result suggests that further
36
analysis should not be conducted at the species level but at the
breed or cluster level. The next step could be to study the rela-
tionship between birth weight and kitten health.
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