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Introduction
Several diseases of the gastrointestinal tract, pancreas 
and liver can alter serum cobalamin and folate concen-
trations in cats.1–7 Diseases that have been associated 
with hypocobalaminaemia in cats include inflammatory 
bowel disease, alimentary lymphoma, pancreatitis, 
 cholangitis–cholangiohepatitis and exocrine pancreatic 
insufficiency (EPI).1–4 A similar spectrum of diseases has 
been associated with decreased folate serum concentra-
tions, although in feline EPI, serum folate may be within 
or above normal range.1,7 In addition to typical disease 
associations, some authors have suggested that feline 
cardiomyopathy, arterial thromboembolism and hyper-
thyroidism are associated with decreased serum cobala-
min concentrations;8,9 although a recent study found that 
the prevalence of hypocobalaminaemia in hyperthyroid 
cats was low, while folate was significantly lower in 
hyperthyroid cats compared with when the same cats 

were euthyroid post-radioiodine treatment.10 Lastly, 
congenital abnormalities impeding cobalamin absorp-
tion have been reported, albeit rarely, in cats.11,12 

Factors other than disease have been found to have an 
effect on cobalamin and folate serum concentrations. 
Older cats have repeatedly been shown to have lower 
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serum  concentrations of cobalamin, while folate has 
been found to have a weaker inverse relationship with 
age.13–16 Breed differences have also been reported, with 
pedigree cats being more likely to have higher cobala-
min concentrations than mixed-breed cats.17 In one 
study, Birman and Maine Coon cats had significantly 
higher serum cobalamin concentrations than domestic 
short- or longhair cats, although the Maine Coon popu-
lation in that study was significantly younger than the 
domestic breed cats, which may have confounded the 
results.13

Independent of the underlying disease process, hypo-
cobalaminaemia can have harmful effects on multiple 
organ systems. Cobalamin is a cofactor for enzymes 
involved in fatty acid and amino acid metabolism, and the 
synthesis of the nucleic acid thymidine. In cats, hypo-
cobalaminaemia can lead to alterations in the concentra-
tions of the sulfur-containing amino acids, methionine, 
cysteine and cystothionine, and cause significant increases 
in methylmalonic acid.11,15 Owing to its role in DNA pro-
duction, hypocobalaminaemia affects the rapidly divid-
ing cells, in particular cells of the gastrointestinal and 
haematopoietic systems. In humans, but not cats, defec-
tive DNA synthesis secondary to hypocobalaminaemia 
results in megaloblastic anaemia.18,19 In dogs, gastrointes-
tinal tract histopathology changes associated with hypoco-
balaminaemia include moderate diffuse atrophy of the 
gastric mucosa, mild-to-moderate diffuse atrophy of the 
duodenal and proximal jejunal mucosa, and mild-to- 
moderate mucosal oedema and lymphangectasia of the 
entire intestinal tract.20 Thus, cobalamin deficiency exacer-
bates intestinal malabsorption, which, in turn, can exacer-
bate the deficient state. Cobalamin’s role in central nervous 
system function is multifactorial and not completely 
understood, but glial cells, the interstitium and myelin 
production can be negatively affected by cobalamin 
 deficiency.21 Clinically apparent neurological dysfunction 
occurs in both people and cats with hypocobalaminaemia, 
with encephalopathy and myelopathy being described in 
cases of severe feline hypocobalaminaemia.11,12,22–24 
Anecdotally, supplemental cobalamin is required in con-
junction with primary therapies for clinical remission of 
some gastrointestinal diseases, emphasising the impor-
tance of recognising the deficient state.25–27

Similarly, folate is a cofactor for nucleic acid, amino 
acid and vitamin synthesis, and is also involved in DNA 
replication, repair and methylation. Kittens that were fed 
diets deficient in folic acid were found to have reduced 
appetite and growth, macrocytic anaemia, leukopenia 
and bone marrow changes (megaloblastic erythrocyte 
precursors).28–30 To our knowledge there have been no 
reports of clinical disease responding to folate supple-
mentation; however, folate supplementation has been 
reported to resolve clinical signs associated with experi-
mentally induced folate deficiency.28

In none of the previously mentioned studies that 
reported an apparent relationship between either cobala-
min or folate and age or breed, were the cobalamin and 
folate content of the diet being consumed defined. Thus, 
it is possible that previously identified associations were, 
in fact, due to differences in intake alone. To be able to 
determine if factors other than disease have an effect on 
serum cobalamin and folate concentrations in cats, diet 
must be removed as a variable. Therefore, the aim of this 
study was to determine if age, sex and body weight have 
an effect on serum cobalamin and folate concentrations 
in a population of apparently healthy cats with a known 
and consistent cobalamin and folate intake. The null 
hypothesis was that age, sex and body weight would not 
affect the serum concentration of cobalamin and folate.

Materials and methods
Apparently healthy cats were obtained from and housed 
in the Massey University Feline Nutrition Unit, a closed 
breeding unit. Cats were defined as being healthy on the 
basis of there being no history of unexplained weight 
loss, vomiting, regurgitation or diarrhoea in the 12 
months prior to and 12 months after the time of the 
blood draw. Cats on any medication were excluded. All 
cats had been vaccinated against feline herpesvirus-1, 
calicivirus and panleukopenia virus using a modified 
live vaccine (Felocell CVR; Norden Laboratories). The 
cats were exposed to natural light cycles and provided 
with ad libitum access to water and food, except on the 
day of blood collection.

The diet that the cats consumed was an American 
Association of Feed Control Officials (AAFCO) growth 
and maintenance commercial moist diet. The percentage 
distribution of metabolisable energy from protein, fat 
and carbohydrate was 36%, 58% and 5%, respectively. 
The folic acid content of the diet was 1060 µg/kg, and 
cobalamin content was 350 µg/kg on a dry matter basis. 
The AAFCO recommended allowance for feline adult 
maintenance based on dry matter for folic acid is 
800 µ/kg and 20 µg /kg for cobalamin, assuming an 
energy density of 4 kcal/g dry matter.31

Following an overnight fast, jugular venous samples 
were taken from the cats that met the inclusion criteria. 
Each sample was left at room temperature for 1 h to allow 
for clotting. The samples were then centrifuged for 6 
mins at 3000 g to obtain serum, which was stored at −80ºC 
for 12 months before folate and cobalamin were assayed. 
All serum samples were thawed at room temperature 
and cobalamin and folate were measured once at a com-
mercial veterinary laboratory (New Zealand Veterinary 
Pathology, Massey University, Palmerston North, New 
Zealand) using an electrochemiluminescent assay (Roche 
E170; Roche Diagnostics NZ). All samples were run on 
the same day. Maximum and minimum detection limits 
for folate were 1.45–45.4 nmol/l and 22–1476 pmol/l for 
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cobalamin. The study protocol was approved by the 
Massey University animal ethics committee.

Statistical analysis
The results are expressed as means ± SEM. Data were 
tested for normality using the Shapiro–Wilk test and, 
where appropriate, non-parametric methods were used. 
Reference intervals (RIs) were calculated using the 
ReferenceIntervals package from R statistical software 
(R v 3.1.0; R Development Core Team, 2012). Outliers 
were recognised visually by inspection of scatter plot 
and histogram, confirmed by a Cook’s distance of >1, 
and were removed from the analysis. A simple linear 
model was used to test the relationship between the con-
centration of cobalamin or folate and the following 
 variables: age, sex and body weight. Non-significant 
variables were excluded from the model. An alpha value 
of P = 0.05 was used to define statistical significance.

Results
A total of 65 cats were included in the study. The median 
age of the population was 5.4 years (range 2.8–9.06 
years). Age was not normally distributed (P <0.01; W = 
0.89) and, as such, was grouped into three categories for 
further analysis: 2.80–3.86 years (category one, 22 cats), 
3.86–6.75 years (category two, 24 cats) and 6.75–9.06 
years (category three, 19 cats). Of the 65 cats, 31 were 
male neutered, 18 were female neutered, 15 were female 
entire and one cat was male entire. Body weight was not 
normally distributed (P = 0.03100, W = 0.9592) and the 
median body weight was 4.05 kg (range 2.81–5.72 kg).

The serum cobalamin concentrations were normally 
distributed (P = 0.4162, W = 0.981) and RIs and confi-
dence intervals were calculated parametrically. The mean 
serum cobalamin concentration was 737.1 pmol/l (range 
162–1427 pmol/l). The calculated RI was 202.4–1271.8 
pmol/l. Four outliers were identified following a plot of 
Cook’s distances. With the outliers removed, the data 
remained normally distributed (P = 0.2607 [Shapiro-
Wilk]) with a mean serum cobalamin concentration of 
715.7 pmol/l (range 315–1248 pmol/l). The recalculated 
RI was 261.7–1169.7 pmol/l.

The serum folate concentrations were not normally 
distributed (P = 0.0204, W = 0.9556) and non-parametric 
analysis was performed. There were eight cats with serum 
folate concentrations greater than the detection limit of  
45 nmol/l. For statistical analysis these cats were recorded 
as having serum folate concentrations of 45 nmol/l. The 
median serum folate concentration was found to be  
38 nmol/l (range 25.2–45 nmol/l) with a RI calculated as 
26–45 nmol/l. Using Cook’s method, three outliers were 
identified and following removal of the outliers the data 
was not normally distributed (P = 0.0334). The median 
folate serum concentration was 38.45 nmol/l (range 27.8–
45 nmol/l) and the RI 28.2–45 nmol/l.

Multiple linear regression analysis determined that 
serum cobalamin concentrations was significantly associ-
ated with sex and age (P = 0.006). The model had an 
adjusted R2 value of 14.19%, and the estimates and associ-
ated errors are presented in Table 1. The relationship 
between serum cobalamin and age was an inverse rela-
tionship, with increasing age being significantly associated 
with decreasing serum cobalamin concentration (Figure 1, 
P = 0.002). Male cats had significantly higher concentra-
tions of serum cobalamin than female cats (P = 0.039).

With serum folate concentration as the outcome, a 
model including age category, sex, body weight and 
serum cobalamin concentration identified no significant 
relationship (P = 0.4492). However, when age was 
treated as a numeric variable, it was found to be posi-
tively associated with folate (P = 0.01), although the 
adjusted R2 value was only 0.09.

The regression parameter estimate for folate was 
33.5073 nmol/l (± 1.7426 SEM), with 0.816 nmol/l (± 
0.3075 SEM) for each year of life (P = 0.0101, adjusted 
R2 = 0.09).

Discussion
The principal aim of this study was to determine if age, 
sex and body weight had an effect on serum cobalamin 
and folate concentrations in a population of apparently 
healthy cats consuming the same dietary concentration 
of cobalamin and folate. The null hypothesis was that 
age, sex and body weight would not have an effect.

Table 1 Effect of age category and sex on serum vitamin B12 concentration in 65 cats consuming the same diet

Variable Serum vitamin B12 (pmol/l)

Estimated value SEM P value

Age  
 Category 1 (2.80–3.86 years) 796.18 58.67 <0.01
 Category 2 (3.86–6.75 years) 662.74 75.9 0.08
 Category 3 (6.75–9.06 years) 535.33 79.83 0.00178
Sex  
Female 796.18 58.67 <0.01
Male 931.05 63.86 0.0388
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In this population of cats, the age of the cats had an 
effect on serum concentrations of cobalamin and folate 
independent of dietary content. The effect of age was 
most pronounced for serum cobalamin, which had an 
inverse relationship with age, while the relationship 
between age and serum folate concentration was posi-
tive. The effect of age on serum cobalamin concentration 
in cats has been identified previously, but this is the first 
time diet has been excluded as a confounding factor.13–16 
To our knowledge, a positive relationship between age 
and serum folate concentrations has not been demon-
strated in cats. We also identified that male cats have 
higher concentrations of cobalamin than female cats, 
which has not been reported previously. Body weight 
was not associated with the serum concentrations of 
either folate or cobalamin.

In elderly people low serum cobalamin concentration 
is frequently identified, with the most common cause 
being food cobalamin malabsorption (FCM).32,33 FCM is a 
term that includes non-specific gastritis, type A atrophic 
gastritis, partial gastrectomy, gastric bypass, vagotomy, 
gastric bacterial overgrowth, alcohol abuse and ingestion 
of acid-suppressing drugs.34 It is possible that gastric dis-
ease could develop in cats with age, but clinical signs of 
gastric dysfunction such as vomiting or a history of acid-
suppressing drugs were not present in this population.

The most frequently cited explanation for the inverse 
relationship between serum cobalamin concentration and 
age in cats is underlying gastrointestinal tract disease in 
elderly cats.14–16 The possibility of age-related changes 
impairing cellular metabolism and causing changes to 

cobalamin-related metabolites has also been proposed.15 It 
has been found that with age, the function of the feline 
digestive system is altered. As an example, fat digestibility 
is significantly lower in senior cats compared with young 
cats.35,36 In the healthy adult cat, fat digestibility of a typi-
cal commercial diet is 90–95%, which decreases to <80% 
in aged cats. Ten to 15% of cats between 7 and 12 years of 
age show decreased fat digestibility, which increases to 
33% in cats over 12 years of age.36 It has been suggested 
that this could be due to decreased secretion and activity 
of pancreatic enzymes and/or decreased production, 
transport and secretion of bile acids.37,38 Dietary protein 
digestibility also decreases with increasing age and affects 
20% of cats after the age of 14 years.36 Given the effect of 
age on the digestibility of macronutrients, it is possible 
that there may be an age-related decrease in the digestibil-
ity of micronutrients such as cobalamin. Alternatively, an 
age-related decline in focal ileal function might be respon-
sible for decreasing cobalamin absorption

Similar to nutrient digestibility, the faecal microflora 
is also altered with age. A study of 155 cats found that 
the numbers of bifidobacteria and lactobacilli were lower 
in cats >9 years compared with younger cats, while fae-
cal Clostridium perfringens was 0.9 log units higher in cats 
>9 years of age compared with other age groups.39 
Given that changes to microbiota can alter cobalamin 
metabolism, it might be that changes in gastrointestinal 
microbiota that occur with age are responsible for the 
effect on cobalamin.40

None of the older cats in this study had clinical signs 
suggestive of EPI at the time of blood sampling or 

Figure 1 Box plot of serum cobalamin in 65 cats according to age. Serum cobalmin decreased significantly with age  
(P = 0.002). Age category 1: 2.80–3.86 years (22 cats); age category 2: 3.86–6.75 years (24 cats); age category 3: 6.75–9.06 
years (19 cats)



Hill et al 139

during the following 12 months. However, 90% of the 
pancreas is lost before clinical signs of EPI develop in 
people.41 Therefore, it might be possible that a loss of less 
than 90% of pancreatic function may decrease serum 
cobalamin concentration in cats without the classical 
signs of EPI developing. Subclinical age-related reduc-
tion in pancreatic function could explain the relationship 
between age and serum cobalamin concentration. 
Although folate is usually reported to remain unchanged 
or decreased in EPI, it has been found to increase in some 
patients.1,3 Therefore, age-associated pancreatic dysfunc-
tion may also explain the positive association between 
age and serum folate concentration seen in this study. 
Feline trypsin-like immunoreactivity (fTLI) was not 
measured in this study; therefore, it is not known if EPI 
was present or not in the cats studied.

A previous study found a weak inverse relationship 
between age and serum folate concentration in cats, 
which is the opposite to the finding of this study.14 In 
people, serum folate concentration can decrease with 
age, but not to the same degree as serum cobalamin.42 In 
the diet folate is in a polyglutamate form, and to be 
absorbed in the jejunum all but one of the glutamate resi-
dues must be removed by the brush-boarded enzyme 
folate conjugase, which could be decreased in older age. 
Some intestinal bacteria such as strains of bifidobacteria 
are able to produce folate.43 Although bifidobacteria 
decrease with age in cats, other bacteria that produce 
folate may increase with age. The changes to the intesti-
nal microbiota that occurs with age may explain the ten-
dency for serum folate concentrations to increase with 
age in cats.

It is unknown why males had higher serum cobala-
min concentration than females in this study. However, 
as this is the first time this has been documented in a 
population of cats, repeat studies to determine if it is 
consistent finding are warranted. A similar effect has not 
been documented in other species.

As the adjusted R2 value for the serum cobalamin con-
centration was 0.1419, age and male sex only explain 
14.19% of variation in this parameter. Age only explained 
8.6% of the variation in serum folate concentration. 
Explanations for the remaining variation in these param-
eters could to be owing to differences in intestinal transit 
time among the cats. As the cats in the study were fed ad 
libitum, the size and timing of the last meal relative to 
the start of the 12 h fast could have created the variation 
seen. Gastric emptying times have been shown to be 
variable and prolonged in cats, and as diet is the sole 
source of cobalamin in cats and also provides folate, tim-
ing of the blood draw relative to a cat’s last meal should 
be taken into consideration when interpreting serum 
cobalamin and folate concentrations.44 Underlying dis-
ease among our population could have also accounted 
for some variability.

With serum cobalamin concentration decreasing with 
age in cats, older cats are likely to be at an increased risk 
of cobalamin deficiency in the face of underlying gastro-
intestinal, hepatobiliary or pancreatic disease and/or 
reduced dietary intake. Therefore, as cats age, they may 
be more susceptible to cobalamin deficiency secondary 
to inappetence or gastrointestinal, pancreatic and hepatic 
disease.

Excluding the outliers, our RIs for serum cobalamin 
and folate concentrations were 261.7–1169.7 pmol/l 
(354.6–1585.0 pg/l) and 28.2–45 nmol/l (12.4–19.9 μg/l), 
respectively. Although there are a number of RIs for 
serum cobalamin and folate cited in the literature, those 
most commonly referred to are 214–1107 pmol/l (290–
1500 pg/l) and 21.98–48.96 nmol/l (9.7–21.6 μg/l).45 
Both of these RIs are similar to those determined in the 
present study.

The main limitation of the present study was how 
apparently healthy cats were defined, as cats with 
intermittent hyporexia might be able to maintain their 
body weight. The absence of diagnostic tests to ensure 
the absence of gastrointestinal, hepatic and pancreatic 
disease, for example serum fTLI, faecal parasitology, 
serum biochemistry, haematology, abdominal ultra-
sound and intestinal biopsies may have resulted in cats 
with subclinical disease being included in the study. 
However, serum folate and cobalamin were measured 
a year after sampling and only cats that were healthy at 
the time of the blood draw and maintained their health 
and body weight, within seasonal variation, during the 
12 months were included. Therefore, despite the lack 
of extensive diagnostics, it is argued that cats with 
underlying disease were not included as it would be 
expected that they would have at least lost weight or 
would have developed clinical signs of gastrointestinal 
disease, for example vomiting, diarrhoea and regurgi-
tation, during the ensuing 12 month interval. A second 
limitation of this study was that 8/65 cats had a serum 
folate concentration >45 nmol/l. As one of the aims of 
this study was to determine a folate serum RI, the cats 
should have had their folate concentration determined 
by serial dilution.

Conclusions
This finding suggests that older cats, independent of 
diet, are at an increased risk of cobalamin deficiency. The 
study also identified that male cats have higher serum 
concentrations of cobalamin compared with female cats. 
We do not argue that the decrease in cobalamin justifies 
a lower RI for older cats, but rather that it is indicative of 
an increased risk of deficiency with age. Further work is 
needed to determine the mechanisms for the age-associ-
ated decline, the clinical significance and if supplemen-
tation will confer any benefit.
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