
D
ow

nloaded from
 https://academ

ic.oup.com
/af/article/14/3/5/7696638 by guest on 07 O

ctober 2024



D
ow

nloaded from
 https://academ

ic.oup.com
/af/article/14/3/5/7696638 by guest on 07 O

ctober 2024



D
ow

nloaded from
 https://academ

ic.oup.com
/af/article/14/3/5/7696638 by guest on 07 O

ctober 2024



D
ow

nloaded from
 https://academ

ic.oup.com
/af/article/14/3/5/7696638 by guest on 07 O

ctober 2024



D
ow

nloaded from
 https://academ

ic.oup.com
/af/article/14/3/5/7696638 by guest on 07 O

ctober 2024



10 Animal Frontiers

suggested inclusion levels are not regulated, making it dif�cult 
for pet owners to interpret whether �senior� diets really provide 
additional bene�ts for their ageing pets. Indeed, recent research 
identi�ed no nutritional differences (with the exception of 
crude �ber) in diets marketed for �adults� or �seniors� (Summers 
et al., 2020). However, it is apparent that nutrition, including 
water intake, can ameliorate the health conditions associated 
with age, or the underlying physiological process (Table 4). This 
suggests that current nutritional guidelines, including energy 
requirements which underpin feeding guidelines need dedi-
cated scienti�c investigation to determine the nutritional needs 
for our senior and older cats and dogs.

There are a number of health concerns affecting senior pets, 
including hydration status and oral health (Salt et al., 2023), 
this review will summarize literature pertaining to sarcopenia, 
in�ammation/in�ammageing, and cognitive health.

Sarcopenia
Maintenance of  lean body mass is a major predictor of 

lifespan in both the cat and dog, having the most profound 
impact on mobility. Sarcopenia is de�ned as the loss of  skel-
etal muscle mass and function with ageing. Paradoxically, 
this loss of  muscle mass often occurs in the presence of 
obesity, so-called sarcopenic obesity (Freeman, 2012; 

LaFlamme, 2016). Approximately 40% of  �old� cats and 
dogs (Mao et al., 2013) are obese, and 12% to 15% of  these 
are considered to have extremely low levels of  lean mass. 
Therefore, this is a very common condition in older com-
panion animals, although its mechanism are not well under-
stood (McKenzie, 2022). Sarcopenia results primarily from 
impaired protein synthesis, with a smaller contribution from 
increased protein degradation, which ultimately leads to at-
rophy of  skeletal muscle �bers and reduced mitochondrial 
function (Greenlund and Nair, 2003). A long-term study 
showed that in the elderly cat, forti�cation of  a high protein 
and high fat diet with linoleic acid reduced the loss of  lean 
body mass (Cupp et al., 2007).

In�ammageing
Ageing is associated with a natural deterioration in health; 

more recently, the term in�ammageing is used. This is the age-
associated decline in immune function that occurs in most spe-
cies. It is generally thought that in�ammageing is in�uenced 
by the interactions between the host�s immune response and 
gastrointestinal microbiome (Fransen et al., 2017; Franceschi 
et al., 2018), but this has not been investigated in the cat and 
dog directly, nor are the cellular mechanisms well de�ned in 
the cat and dog (McKenzie, 2022). In�ammageing is believed 

Table 2. Research Gaps associated with ageing mechanisms in the cat and dog summarized from 
McKenzie (2022)
Area Mechanism Gap

Cellular and 
molecular 
ageing

DNA damage No information pertaining to nutritional modulation of DNA damage in ageing cats and dogs
Epigenetic clock Little evidence understanding how epigenetic clocks represent biological ageing in cats
Intercellular signalling Limited information around in�ammageing in the cat and dog and nutritional improvement of this process

Tissue Sarcopenia/muscle No evidence to support elevation of cytokines (in�ammageing) associated with sarcopenia in ageing dogs
Limited evidence to support role of in�ammageing in sarcopenia in ageing cats
No information pertaining to role of insulin in ageing of feline muscle cells
Limited evidence to support function of satellite muscle cells in ageing cats and dogs
No evidence to support loss of type II muscle cells in ageing cats
No evidence to understanding the role of exercise interventions on longevity in the cat or dog

Bone Limited evidence to support changes in bone structure in ageing cats
Limited evidence to support the role of bone marrow stem cells in bone ageing in dogs
Limited evidence to support the role of Growth Hormone and Interleukin Growth Factor-1 (IGF-1) in the ageing cat
No information pertaining to the role of in�ammation in the loss of bone associated with age in the cat and dog
No information pertaining to the role of insulin in age-related loss of bone in the cat and dog
No information pertaining to the role of exercise in maintaining bone health and function in the ageing cat and dog

Joint Disease No information pertaining to the role of chronic in�ammation on development of joint disease in the ageing cat
No information pertaining to the role of exercise in preventing Osteoarthritis (OA) in the ageing cat and dog

Brain No information pertaining to the role on chronic in�ammation on the ageing brain is unknown in the cat and dog
No information pertaining to the role of cellular senescence in the ageing brain in the dog
No information pertaining to the role of physical activity on the ageing brain in the cat and dog
Speci�c ageing processes unknown in the ageing cat brain (e.g., cellular senescence, in�ammageing)

Adipose tissue Limited evidence to support the role of adipose mass, distribution and function in the ageing cat
Limited evidence to support the development of sarcopenic obesity in the ageing cat and dog
Limited evidence to support the role of in�ammageing in fat mass distribution and function in the cat and dog
No information pertaining to the role of exercise on fat mass distribution and function in the ageing cat and dog
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to be the leading cause of morbidity and mortality in cats 
and dogs (Day, 2010); interestingly, many of the health con-
ditions associated with ageing identi�ed by Salt et al. (2023) 
such as osteoarthritis, renal failure and heart failure are under-
pinned by changes in in�ammatory markers in both the cat and 
dog. Indeed, pro-in�ammatory cytokines increase while anti-
in�ammatory cytokines decrease in the cat around the age of 
8-10 years (Kipar et al., 2005). Nutrients such as �-carotene 
(a�pre-cursor of vitamin A for dogs), vitamin E (tocopherol), 
and poly-unsaturated fatty acids (PUFA; typically supplied via 
�sh/�ax seed oil or algae) have been observed to improve im-
mune status in cats and dogs (Table 4).

Cognitive function
Dogs, and to a lesser extent cats, have often been used as a 

model for cognitive decline in humans; from this perspective 
there are a relatively large number of studies that have investi-
gated the impacts of dietary nutrients on markers of cognition, 
including stress and anxiety. Nutrients, typically in proprietary 
blends, such as dietary lipids (PUFA, medium-chain triglycer-
ides, and phospholipids), antioxidants, B-vitamins, carnitine, 
and speci�c amino acids such as arginine have been observed 
to improve markers of cognitive function in the ageing dog and 
to a lesser extent, the cat (Table 4).

Table 3. Outcomes of longitudinal studies in healthy cats and dogs

Species

Age at be-
ginning of 
study; mean 
(range)

Length of 
study

Sample 
size Breed Diet Observation Reference

Cat 7�17 years; 
groups: 
7�9, 10�12, 
13 + years

7 years 90; 30 
per age 
group

Mixed breed Extruded diet with/
without antioxi-
dants, a prebiotic, 
and omega-3 and 
omega-6 fatty acids

Cats fed diet with nutritional additives had 
increased lifespan of one year, greater serum 
vitamin E, HCT, haemoglobin, and RBC 
count, slower loss of BW, lean body mass, and 
skin thickness with age, and a tendency to be 
more active

Cupp et al. 
(2008), Cupp 
and Kerr 
(2010)

Cat 8 weeks 11 years 21; 
10�11 
per 
group

Domestic shorthair Extruded vs. re-
torted diet

ATTD, fecal microbiome (composition, func-
tion), plasma in�ammatory markers, plasma 
lipidome and metabolome were affected by 
age and diet

Bermingham 
et al. (2018)
and unpub-
lished data

Dog 1.9�8.1 years 13 years; adult-
hood to end 
of life

80 Labrador retriever Extruded diet with/
without avocado ex-
tract (< 0.10 %)

Age related increase in in�ammation, oxi-
dative stress, and tissue damage similar to 
�in�ammageing� in humans with diet having 
no effect

Alexander et 
al. (2018)

Dog 5.5 years 
(4.3�7.5)

Median 14 
years; puppy to 
end of life

39 Labrador retriever Extruded diet Lean and fat mass may in�uence longevity in 
the dog

Penell et al. 
(2019)

Dog 8 weeks Median 13 
years; puppy to 
end of life

48 Labrador retriever Extruded diet with/
without 25 % caloric 
restriction

Caloric restricted dogs lived longer and had 
delayed signs of chronic disease with no effect 
on skeletal structure/function

Lawler et al. 
(2008)

Dog 8 weeks 14 years; puppy 
to end of life

48 Labrador retriever Extruded diet with/
without 25 % caloric 
restriction

Caloric restricted dogs had healthier hips; re-
duced occurrence and delayed onset of OA

Smith et al. 
(2006)

Dog 8 weeks 8 years 48 Labrador retriever Extruded diet with/
without 25 % caloric 
restriction

Caloric restricted dogs had less severe OA Kealy et al. 
(2000)

Dog 0.2�5.9 years ~ 8 years 6084 Labrador retriever N/A�observational 
cohort in homes

Gastrointestinal illnesses in dogs may be af-
fected by, location, presence of other animals 
in the home, and characteristics of owners

(Pugh et al., 
2017)

Dog 0.7�5.0 years ~5 years ~6,000 Labrador retriever N/A�observational 
cohort in homes

Genetics may play a role in limber tail in 
addition to being a working dog in a higher 
latitude

Pugh et al. 
(2016)

Dog � 8 weeks 
and < 2 years

N/A 2,764 Golden retriever N/A�observational 
cohort in homes

Dogs who have undergone gonadectomy had 
increased risk of becoming overweight/obese 
and dogs who were gonadectomised before 6 
months of age had increased risk of ortho-
paedic injury compared to intact dogs

Simpson et 
al. (2019)

Dog 8 weeks�2 
years

~1 year 160 Labrador re-
trievers, golden 
retrievers, and 
Labrador × golden 
crosses

N/A�observational 
cohort in homes

Cognition at young adult life stage can be pre-
dicted from early development stages

Bray et al. 
(2021)

Abbreviations: HCT, haematocrit; RBC, red blood cell; BW, body weight; ATTD, apparent total-tract digestibility; OA, osteoarthritis.
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Table 4. Nutrients with proven ef�cacy in cats and dogs.

Species
Age 
(range)

Intervention 
Target Nutrient Marker Reference

Dog 1.7�10.6 
years

Immune 
status

�-Carotene (20 or 40 mg � -carotene/kg diet) Improved immune response (Massimino et 
al., 2003)

Dog 7�10 years Immune 
status

�-Tocopherol acetate/vitamin E (101 mg/kg diet) Improved immune response (Hall et al., 
2003)

Dog 1.7�5.4 
years

Immune 
status

Omega-6:omega-3 diet of 5:1 (dose not stated) Positive effect on immune 
response

(Kearns et al., 
1999)

Dog 1�4 years Immune 
status

EPA (1.75 g/kg diet), DHA (2.2 g/kg diet) [omega-6:omega-3 of 3.4:1], 
sun�ower oil (0.6 g/kg diet), menhaden �sh oil (7 g/kg at 1.65% oil 
DMB)

Anti-in�ammatory effects (LeBlanc et al., 
2008)

Cat 1.5�10 
years

Immune 
status

Vitamin E (225 mg/kg DM diet) Improved immune function (O�Brien et al., 
2015)

Cat 2.0�11.0 
years

Immune 
status

Omega-6:omega-3 of 4.77:1 using salmon oil (dose not stated) Improved immune system (Rutherfurd-
Markwick et al., 
2013)

Dog 3 years Cognitive 
function 
(behavior)

Punica granatum (457 mg/kg diet), Valeriana of�cinalis (260 mg/kg 
diet), Rosmarinus of�cinalis (0.44 mg/kg diet), Tilia species (635 mg/kg 
diet), Crataegus oxyacantha (392 mg/kg diet), L-Theanine (310 mg/kg 
diet), L-Tryptophan (329 mg/kg diet)

Improved neuroendocrine 
parameters associated with 
behavioral disorders (e.g., 
stress, anxiety, aggression)

Sechi et al. 
(2017)

Dog 2�12.6 
years

Cognitive 
function

D,L-�-Tocopherol (1000 ppm), L-carnitine (250 ppm), D,L- �-LA 
(120 ppm), ascorbic acid 80 ppm, 1% inclusions of spinach �akes, to-
mato pomace, grape pomace, carrot granules and citrus pulp

Reduced cognitive 
dysfunction

Milgram et al. 
(2004)

Dog 2�12.5 
years

Cognitive 
function

D,L-�-Tocopherol (1,050 ppm), L-carnitine (260 ppm), D,L-�-LA 
(128 ppm), ascorbic acid (80 ppm), 1% inclusions of spinach �akes, 
tomato pomace, grape pomace, carrot granules and citrus pulp

Reduced cognitive 
dysfunction

Milgram et al. 
(2002)

Dog 7�9 years Cognitive 
function

�-LA (11.0 mg/kg diet), acetyl-L-carnitine (27.5 mg/kg diet) Improved cognitive function 
demonstrated on two land-
mark discrimination tasks

Milgram et al. 
(2007)

Dogs  9�11.5 
years

Cognitive 
function

Vitamin E (551 mg/kg diet), vitamin C (84.7 mg/kg diet), arginine 
(2.52 % as fed), thiamine (18.67 mg/kg diet), ribo�avin (13.35 mg/kg 
diet), pantothenic acid (34.07 mg/kg diet), niacin (102.57 mg/kg diet), 
pyridoxine (11.05 mg/kg diet), cyanocobalamin (0.1 mg/kg diet), folic 
acid (3.94 mg/kg diet), EPA (0.24 % as fed), and DHA (0.21 % as fed)

Improved cognitive function 
(e.g., improved discrimin-
ation learning tasks)

Pan et al. 
(2018a)

Dogs 9�16 years Cognitive 
function

6.5% MCT + Brain Protection Blend
Vitamin E (552 mg/kg diet), vitamin C (151 mg/kg diet) arginine (1.79 
% as fed), thiamine (58.7 mg/kg diet), ribo�avin (26.5 mg/kg diet), 
pantothenic acid (77.3 mg/kg diet), niacin (225.76 mg/kg diet), pyri-
doxine (17.8 mg/kg diet), cyanocobalamin (0.175 mg/kg diet), folic 
acid (8.39 mg/kg diet), EPA (0.30 % as fed), selenium (0.681 mg/ kg 
diet), and DHA (0.23 % as fed)

Improved cognition 
scores (e.g., Senior Canine 
Behavior Questionnaire and 
a Canine Medical Health 
Questionnaire)

Pan et al. 
(2018b)

Dogs 6.8�8 
years

Cognitive 
function

�-LA (30 mg (3 mg/kg BW)) and carnitine (60 mg (6 mg/kg BW)) Improved cognition (e.g., 
delayed recall aspect of 
delayed non-match to pos-
ition (measuring short-term 
spatial memory) task)

Snigdha et al. 
(2016)

Dog 8�12 years Cognitive
Function

Vitamin E (800 IU or 210 mg/day (21 mg/kg BW/day)), vitamin C 
(16 mg/day (1.6 mg/kg BW/day)), carnitine (52 mg/day (5.2 mg/kg 
BW/day)), LA (26 mg/day (2.6 mg/kg BW/day))

Maintained cognition and 
reduced oxidative damage 
and A� pathology

Dowling and 
Head (2012)

Cat 5.5�8.7 
years

Cognitive 
function

Vitamin E (550 mg/kg diet), vitamin C (80 mg/kg diet), arginine (2.3 
% as fed), thiamine (55.0 mg/kg diet), ribo�avin (30.9 mg/kg diet), 
pantothenic acid (55.4 mg/kg diet), pyridoxine (18 mg/kg diet), cyano-
cobalamin (0.09 mg/kg diet), folic acid (4.25 mg/kg diet), EPA (0.28 % 
as fed), and DHA (0.27 % as fed)

Improved cognitive function 
(e.g., egocentric learning, 
spatial memory)

Pan et al. (2013)

Cats 7�17 years Longevity Vitamin E (140.7 IU/1000 kcal), ß-carotene (5 mg/1000 kcal) Increased longevity, and re-
duced disease incidence

Cupp et al. 
(2007)

Cats 7�17 years Longevity Vitamin E (140.7 IU/1000 kcal), ß-carotene (5 mg/1000 kcal), linoleic 
acid (21.3 % of dietary fat), chicory root (dose not stated)

Increased longevity, reduced 
disease incidence and im-
proved intestinal health

Cupp et al. 
(2007)

Abbreviations: OA, osteoarthritis; BW, body weight; HA, hyaluronic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; ETA, eicosatetraenoic 
acid; DMB, dry matter basis; DM, dry matter; LA, lipoic acid; MCT, medium chain triglycerides.
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Conclusion
Our pet cats and dogs are living longer lives. As a conse-

quence, more speci�c research into energy, macronutrient (pro-
tein, fat) and micronutrient requirements of our senior + pet 
cats and dog is required. Given that many of the conditions 
associated with ageing, or the underpinning physiological pro-
cesses such as the immune system, respond to nutritional inter-
ventions in experimental settings suggests that ageing cats and 
dogs do have speci�c nutrient requirements. Therefore, research 
to better understand the energy and nutritional requirements is 
necessary and will hopefully enable the development of speci�c 
nutritional guidelines for our ageing cats and dogs.
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