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Measurements of serum concentrations of cobala-
min (vitamin B12), folate (vitamin B9), cPLI, and 

cTLI are widely used as minimally invasive tools to diag-
nose and monitor small intestinal and exocrine pancre-
atic disease in dogs.1–3 Cobalamin serves as a marker of 
distal small intestinal disease (owing to its ileal absorp-
tion) and EPI (owing to its unique intrinsic factor–medi-
ated absorption).2,4 Folate is an analyte that informs on 
proximal small intestinal disease and the presence of 
intestinal dysbiosis.3 Measurement of cTLI is by radioim-
munoassay to detect cationic trypsinogen and trypsin in 
serum and is used for diagnosing EPI in dogs in clinical 
settings.5 Measurement of cPLI is by an immunoassay 
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OBJECTIVE
To evaluate the effects of withholding food on the results for measurements 
of serum concentrations of cobalamin, folate, canine pancreatic lipase im-
munoreactivity (cPLI), and canine trypsin-like immunoreactivity (cTLI) in 
healthy dogs.

ANIMALS
11 healthy employee- or student-owned dogs.

PROCEDURES
Food was withheld from the dogs for 12 hours, baseline blood samples were 
collected, then dogs were fed. Postprandial blood samples collected 1, 2, 4, 
and 8 hours later were assessed. A mixed-effects ANOVA model with fast-
ing duration (time) as a fixed factor and dog as a random effect was fit for 
each analyte variable. Additionally, a mixed-effects ANOVA model control-
ling for the variable of time was fit to assess whether lipemia affected serum 
concentrations of the analytes.

RESULTS
The median serum cobalamin concentration was lower at 4 hours (428 
ng/L) and 8 hours (429 ng/L) postprandially, compared with baseline (479 
ng/L), but this difference was not clinically meaningful. Although there were 
no substantial differences in serum concentrations of folate, cPLI, or cTLI, 
postprandial changes in serum concentrations of cTLI or folate could poten-
tially affect diagnoses in some dogs.

CONCLUSIONS AND CLINICAL RELEVANCE
Although results indicated that feedings rarely resulted in clinically impor-
tant differences in the median serum concentrations of cobalamin, folate, 
cPLI, or cTLI in healthy dogs, given the further processing required for lipe-
mic samples, withholding food for at least 8 hours is an appropriate recom-
mendation when measuring these analytes. Similar research is needed in 
dogs with gastrointestinal disease to determine whether the withholding of 
food is necessary when measuring these analytes in affected dogs. (Am J Vet 
Res 2021;82:367–373)

for pancreatic lipase in serum and serves as a sensitive 
and specific marker for diagnosing pancreatitis in dogs.1

Although measuring these analytes is often per-
formed as a standard part of the diagnostic evaluation 
of dogs with clinical signs of chronic gastrointestinal 
disease, the need to withhold food from an affected 
patient before collecting a blood sample to test can 
interfere with a streamlined diagnostic workup. Ad-
ditionally, among laboratories that provide these tests 
for dogs, there are no standardized requirements for 
withholding food, with durations ranging from 6 to 
12 hours.6,7 Therefore, withholding food for 12  hours 
overnight is often recommended, and although this 
may be performed to reduce the theoretical effects 
of postprandial pancreatic enzyme secretion and vi-
tamin absorption, the practice of withholding food is 
arbitrary and not evidence based.

A recent retrospective study8 in human medi-
cine shows that plasma concentrations of cobala-
min were not affected by fasting duration (1 to > 16 

ABBREVIATIONS
cPLI Canine pancreatic lipase immunoreactivity
cTLI Canine trypsin-like immunoreactivity
EPI Exocrine pancreatic insufficiency
RER Resting energy requirement
RI Reference interval
IQR Interquartile (25th to 75th percentile) range
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hours) in women and were minimally and clinically 
insignificantly affected in men. To our knowledge, 
no studies in veterinary medicine have evaluated the 
relationship between serum cobalamin or folate con-
centrations and duration of withholding food. Small 
groups of healthy dogs9,10 and cats11 have been stud-
ied to evaluate how feedings may potentially affect 
serum cTLI and cPLI concentrations; however, no 
clinically significant postprandial effects were identi-
fied. Unnecessarily withholding food from veterinary 
patients can lead to delayed or canceled testing, re-
duced patient welfare,12 and delayed return to enteral 
nutrition in compromised patients.13,14

The objective of the study reported here was to 
evaluate the effects of withholding food on the re-
sults for measurements of serum concentrations of 
cobalamin, folate, cPLI, and cTLI in healthy dogs. 
We hypothesized that there would be no clinically 
meaningful difference in the results of these analytes 
in samples obtained after withholding food 12 hours 
overnight (as a commonly used protocol) versus sam-
ples obtained at 1, 2, 4, and 8 hours after feeding.

Materials and Methods

Animals
Healthy, employee- and student-owned dogs were 

recruited at the University of Wisconsin-Madison 
School of Veterinary Medicine by open enrollment. 
For inclusion, dogs were required to be mature (1 to 
6 years of age), of medium to giant breed (≥ 10 kg), 
healthy (as determined by history and physical exami-
nation), and amenable to the study protocol (able to 
have food withheld and undergo repeated venipunc-
ture). All dogs were required to consume a diet for-
mulated to meet the Association of American Feed 
Control Officials’ dog food nutrient profile for adult 
maintenance,15 have no clinical signs of systemic dis-
ease, and have no clinically abnormal gastrointestinal 
signs (eg, vomiting, diarrhea, anorexia, or unexplained 
weight loss) in the 4 weeks prior to the study. Exclu-
sion criteria were a history of gastrointestinal disease, 
administration of cobalamin or folate supplements 
within the 6 months before the study, and a history of 
pancreatitis, hyperadrenocorticism, anemia, hypovole-
mia, or medical conditions not easily amenable to the 
withholding of food or controlled feeding (eg, diabetes 
mellitus or dietary intolerance).

Ethics approval
The study design was approved by the Institu-

tional Animal Care and Use Committee (Animal Use 
Protocol No. V006113) at the University of Wisconsin-
Madison. The owners of each dog provided written 
consent before enrollment.

Sample collection and handling
Prior to blood sample collection, food was with-

held from each dog at home for 12 hours; however, 
free access to water was provided at all times. No 

medications were allowed during the study period. 
The first blood sample (4 mL) was collected at the 
veterinary hospital after food had been withheld for 
12 ± 1 hours and was considered the baseline blood 
sample. Each dog was then fed its typical morning 
meal and kept in the hospital for the duration of the 
sampling period. For dogs that showed minimal inter-
est in their typical food, a canned prescription gastro-
intestinal dieta was fed. Dogs that failed to consume 
at least 50% of their RER (body weight0.75 X 70 kcal) 
were excluded from the study. Subsequent blood 
samples (4 mL each) were collected at 1, 2, 4, and 
8 hours after feeding. Additional food or treats were 
not permitted during the sampling period.

Blood samples were allowed to clot, then centri-
fuged to collect serum within 1 hour of collection. 
Serum samples were protected from light by the use 
of aluminum foil covers and were stored at tempera-
tures between 2°C and 6°C. Within 12 hours of col-
lection, all serum samples were frozen at –80°C, then 
shipped by overnight courier to the Gastrointestinal 
Laboratory at Texas A&M University as a single batch. 
This process limited the total handling duration to 1 
week.

Laboratory tests
Sample lipemia was determined by gross in-

spection at the testing site, and samples deemed li-
pemic were noted and centrifuged prior to analysis. 
Serum concentrations of cobalamin, folate, and cTLI 
were measured with automated chemiluminescence 
assays.b,c Serum concentration of cPLI16 was mea-
sured with a commercial sandwich ELISA.d All assays 
were run in duplicate batches to reduce intra-assay 
variability, and manufacturer-provided or in-house 
quality control materials were used.

Owing to assay limitations, when a result for an 
analyte was below the lower limit of the working 
range of an assay (eg, cPLI concentration < 30 µg/L), 
the result was recorded as the next unit below that 
limit for the analyte (eg, cPLI concentration of 29 
µg/L) for the affected time point. When a result for 
an analyte was above the upper limit of the work-
ing range of an assay (eg, cTLI concentration > 50 
µg/L), the result was recorded as the next unit above 
that limit for the analyte (eg, cTLI concentration of 
51 µg/L) for the affected time point. Dogs that had 
results outside the working range of an assay for all 5 
time points were removed from that analyte-specific 
analysis.

Statistical analysis
Data were assessed for normality with the Shapiro-

Wilk test and summarized as the mean ± SD or the me-
dian and IQR as appropriate on the basis of statistical 
distribution. To assess for a statistical change in serum 
analyte concentrations from baseline, a mixed-effects 
ANOVA model with fasting duration (time) as a fixed 
factor and dog as a random effect was fit for each vari-
able. Results of analysis with mixed-effects ANOVA for 
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repeated measures were presented as the estimated 
mean change from baseline and the corresponding 95% 
CI. In addition, a mixed-effects ANOVA model control-
ling for the variable of time was fit to assess whether 
lipemia affected serum concentrations of the analytes. 
Aside from the normality of data assessed with the  
Shapiro-Wilk test mentioned earlier, other assumptions 
of the model fit were assessed with the use of residu-
al plots for heteroscedasticity and normal Q-Q plots. 
All statistical analyses were conducted with available 
softwaree,f and a 2-sided 5% significance level. Values of 
P < 0.05 were considered statistically significant.

Results

Animals
Eleven healthy dogs were enrolled and complet-

ed the study protocol. Overall, the mean age was 3.9 
years (SD, 1.7 years), and the study group consisted 
of 5 spayed females, 3 castrated males, 2 sexually in-
tact males, and 1 sexually intact female. Mixed-breed 
dogs (n = 7) were most commonly represented, fol-
lowed by 2 Australian Shepherds, 1 Golden Retriever, 
and 1 Greyhound. The mean body weight was 24.1 kg 
(SD, 5.7 kg). No dogs had evidence of chronic gas-

Table 1—Median (IQR) serum concentrations of cobalamin, folate, cTLI, and cPLI for 11 healthy dogs sampled after food was 
withheld for 12 hours (time 0; baseline) versus at 1, 2, 4, and 8 hours after feeding.

 Cobalamin (ng/L) Folate (µg/L) cTLI (µg/L) cPLI (µg/L)*

  Estimated mean   Estimated mean   Estimated mean    Estimated mean  
 Median of differences  Median of differences  Median of differences  Median of differences
Time (h) (IQR) (95% CI)† P value (IQR) (95% CI)† P value (IQR) (95% CI)† P value (IQR) (95% CI)† P value

0 (baseline) 479 (406–636) — Referent 10.1 (8.1–10.9) — Referent 32.8 (21.4–41.8) — Referent 39.0 (37.2–51.2) — Referent
1 455 (424–630) –7 (–46 to 31) 0.702 10.2 (8.3–11.5) –1.1 (–3.6 to 1.4) 0.367 34.6 (26.0–42.8) 2.6 (–0.9 to 6.2) 0.140 45.0 (39.2–47.0) 0.3 (–7.2 to 7.9) 0.927
2 449 (412–600) –18 (–57 to 20) 0.340 9.8 (8.7–11.5) –0.4 (–2.9 to 2.1) 0.743 30.8 (26.6–41.1) 1.5 (–2.1 to 5.0) 0.408 42.0 (37.8–53.0) 1.7 (–5.9 to 9.2) 0.647
4 428 (360–536) –54 (–92 to –15) 0.008 10.1 (8.8–12.8) –0.2 (–2.7 to 2.3) 0.861 28.1 (25.6–34.9) –1.3 (–4.9 to 2.2) 0.459 46.0 (40.0–59.5) 2.2 (–5.4 to 9.7) 0.555
8 429 (394–552) –59 (–97 to –20) 0.004 10.2 (8.3–12.1) –1.6 (–4.1 to 0.8) 0.190 32.8 (28.6–37.1) 1.1 (–2.4 to 4.6) 0.533 42.0 (35.8–49.0) –4.3 (–12 to 3.2) 0.224

*Results represent findings in 6 dogs. The remaining 5 dogs were censored for having had all results below the lower limit of the working range of the assay. †The 
estimated mean of differences was determined with mixed-effects ANOVA for repeated measures.

— = Not applicable.

Figure 1—Serum concentrations of cobalamin (A), folate (B), cTLI (C), and cPLI (D) in 11 healthy dogs that were sampled after 
food but not water was withheld for 12 hours (time 0; baseline), fed their regular diet or a standardized diet, and then sampled 
at 1, 2, 4, and 8 hours postprandially. Each line represents an individual dog, each solid circle represents a dog’s result for the 
given assessment time, and shading delineates various clinical interpretations on the basis of guidelines provided by the diagnostic 
laboratory for ranges of results for each analyte.
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trointestinal disease on the basis of findings from 
thorough clinical history assessments and physical 
examination.

Feeding
Ten dogs consumed the required caloric target 

(≥ 50% RER), whereas 1 dog consumed slightly less  
(313 kcal) than its target caloric intake (326 kcal) but 
was included in analyses because the finding was 
reported to have been representative of the dog’s 
typical long-term feeding routine. The overall mean 
caloric intake was 69% RER (SD, 18% RER) for all 11 
dogs. Four dogs required the provision of an alter-
native diet (standardized study dieta) because they 
lacked interest in their regular diet in the hospital. 
The mean dry matter protein content was 7.8 g/100 
kcal (SD, 1.3 g/100 kcal), and the mean dry matter fat 
content was 4.4 g/100 kcal (SD, 0.5 g/100 kcal). No 
dogs had diarrhea, vomiting, or regurgitation during 
the study period.

Analytes
Skewness of data was observed for all serum ana-

lyte concentration variables. However, the assump-
tions of the mixed-effects ANOVA with repeated mea-
sures were sufficiently met in that the residual plots 
showed no sign of meaningful homoscedasticity and 
the Q-Q plots showed residuals that were sufficiently 
normally distributed.

Cobalamin—The median baseline serum co-
balamin concentration was 479 ng/L (IQR, 406 to 
636 ng/L; n = 11; Table 1), which was within the 
laboratory’s reference limits (RI, 251 to 908 ng/L). 
Results of baseline blood samples indicated that 10 
dogs were normocobalaminemic and 1 dog was hy-
pocobalaminemic (Figure 1). All dogs that were 
normocobalaminemic at baseline had results within 
reference limits for all postprandial assessments. 
For the single dog that was hypocobalaminemic 
(228 ng/L) at baseline, results for the analyte fluctu-
ated over time (lowest concentration [212 ng/L] at 
4 hours postprandially) but were within reference 
limits for the sample obtained 8 hours postprandi-
ally (256 ng/L). Compared with results for baseline 
blood samples, the median serum cobalamin con-
centration was significantly lower at 4 hours (428; 
IQR, 360 to 536; estimated mean of differences, –54 
ng/L; P = 0.008) and 8 hours (429; IQR, 394 to 552; 
estimated mean of differences, –59 ng/L; P = 0.004) 
postprandially.

Folate—The median baseline serum folate con-
centration was 10.1 µg/L (IQR, 8.1 to 10.9 µg/L; n 
= 11; Table 1), which was within the laboratory’s 
reference limits (RI, 7.7 to 24.4 µg/L). Results for 
baseline blood samples indicated that 8 dogs were 
normofolatemic, 2 dogs were hypofolatemic, and 
1 dog was hyperfolatemic (Figure 1). One dog that 
was normofolatemic (8.3 µg/L) at baseline was hy-
pofolatemic (7.3 µg/L) at the postprandial 8-hour 
assessment. Both dogs that were hypofolatemic at 

baseline (4.9 and 7.4 µg/L) were normofolatemic at 
the 2-hour or 8-hour postprandial assessment. The 
1 dog that was hyperfolatemic at baseline (46.9 
µg/L) was normofolatemic at the 8-hour postpran-
dial assessment. The samples from this dog were 
moderately hemolyzed at the baseline assessment: 
mildly hemolyzed at the 1-, 2-, and 4-hour postpran-
dial assessments; and nonhemolyzed at the 8-hour 
postprandial assessment. Overall, compared with 
baseline results, there was no meaningful change 
in serum folate concentration detected at any post-
prandial time point.

cTLI—The median baseline serum cTLI concen-
tration was 32.8 µg/L (IQR, 21.4 to 41.8 µg/L; n = 11; 
Table 1), which was within the laboratory’s refer-
ence limits (RI, 5.7 to 45.2 µg/L). Results for serum 
cTLI concentration were within reference limits for 
8 dogs, above reference limits for 3 dogs, and below 
reference limits (consistent with a diagnosis of EPI) 
for no dogs (Figure 1). Of the 3 dogs that had high 
serum concentrations of cTLI at baseline (reported 
as > 50 µg/L, recorded for analysis as 51.0 µg/L), 
1 had results consistently above reference limits 
across the postprandial assessments, whereas 2 had 
results within reference limits at the postprandial 1- 
or 4-hour assessment and within reference limits for 
subsequent assessments. All 3 of these dogs had re-
sults for ≥ 1 measurement, but not all measurements 
exceeded the upper limit of the working range of 
the assay (50.0 µg/L). The results for these 3 dogs 
were included in the analysis, with serum cTLI con-
centration recorded as 51 µg/L for analysis purpos-
es for any result > 50 µg/L (the upper limit of the 
working range of the assay). Overall, compared with 
baseline results, there was no meaningful change in 
serum cTLI concentration detected at any postpran-
dial time point.

cPLI—Results for serum cPLI concentration were 
< 30 µg/L (the lower limit of the working range of the 
assay) for all 5 time points (baseline and postpran-
dial 1-, 2-, 4-, and 8-hour assessment time points) for 
5 dogs; therefore, these dogs were removed from the 
cPLI analysis. Of the remaining 6 dogs, 1 had serum 
cPLI concentrations < 30 µg/L for 3 of 5 assessments, 
and this dog was included in the analysis with those 
3 low results for cPLI concentration recorded as 29 
µg/L. The median baseline serum concentration of 
cPLI was 39.0 µg/L (IQR, 37.2 to 51.2 µg/L; n = 6; 
Table 1), which was within the laboratory’s reference 
limits (RI, 0 to 200 µg/L). Compared with baseline 
results, there was no meaningful change in serum 
cPLI concentration detected at any postprandial time 
point.

Lipemia
Eleven of the 55 samples had a lipemic appear-

ance when they arrived at the testing site. Of the 11 
samples affected, 3 were postprandial 1-hour sam-
ples, 3 were postprandial 2-hour samples, and 5 were 
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postprandial 4-hour samples. None of the baseline 
or postprandial 8-hour samples were lipemic. When 
evaluated with a mixed-effects ANOVA model that 
controlled for sample time point, the presence of li-
pemia at the testing site (ie, the need to centrifuge 
samples once at the collection site and again at the 
testing site because of lipemia) had no significant im-
pact on results for serum concentrations of cobala-
min (P = 0.808), folate (P = 0.871), cTLI (P = 0.728), 
or cPLI (P = 0.757).

Discussion
Our findings indicated that the median serum 

cobalamin concentration was significantly lower in 
samples obtained 4 and 8 hours postprandially, com-
pared with baseline samples (those collected after 
food was withheld 12 hours), for dogs of the present 
study. However, the differences observed would not 
impact the clinical interpretation of the test results; 
thus, we considered the differences to have been 
clinically insignificant.

A large study8 in human medicine shows that du-
ration of fasting and results for serum cobalamin con-
centrations were weakly associated in males, with 
a decrease in cobalamin of –0.9 ng/L for each addi-
tional hour of fasting. The magnitude of this finding 
was considered clinically insignificant by the authors, 
who recommend against a fasting requirement for co-
balamin measurement in people. In contrast, such an 
inverse relationship between duration of food with-
holding and results for serum concentration of cobal-
amin was not detected for dogs in the present study 
in that that the median serum cobalamin concentra-
tion was higher for samples obtained 12 hours versus 
4 or 8 hours postprandially but did not meaningfully 
differ for samples obtained 12 hours versus 1 or 2 
hours postprandially. Our findings also differed from 
those of experimental trials that show peak serum 
cobalamin concentrations following oral ingestion 
of supraphysiologic doses of cobalamin occurred at 
4 hours in dogs17 and 1 to 7 hours in humans.18,19 Of 
note, the dogs in our study only received physiologic 
doses of cobalamin in their diets, whereas dogs that 
received oral supplementation of cobalamin at the 
time of evaluation could have had more substantial 
changes in serum cobalamin concentrations between 
blood samples obtained after withholding food ver-
sus postprandially.

In the present study, 10 of the 11 dogs had base-
line serum cobalamin concentrations within refer-
ence limits. This finding indicated adequate provi-
sion of dietary cobalamin and appropriate cobalamin 
absorption. Cobalamin intake was controlled in the 
present study by feeding dogs their regular mainte-
nance diet or a standardized diet that contained the 
National Research Council’s recommended15 35 µg of 
cobalamin/kg of dry matter. The fluctuations in results 
observed over the study period were therefore likely 
attributable to changes in absorption, distribution, or 
metabolism of cobalamin or changes in the compo-

sition of the gastrointestinal microbiota.20 Given the 
ileal site of cobalamin absorption,4 it was possible 
that delayed gastric emptying21 might have prevented 
the expected postprandial peak in serum cobalamin 
concentration in dogs of the present study. A study21 
of healthy, client-owned dogs kept in a hospital set-
ting (as performed in the present study) shows that 
gastric emptying could be delayed 3-fold, presumed-
ly because of stress and anxiety. In addition, serum 
cobalamin and transcobalamin concentrations in in-
dividual people vary by 10% over a 24-hour period 
and are not associated with mealtimes.22 Instead, this 
variation in people correlates with changes in serum 
albumin concentration.22,23 The concept of biological 
variation within an individual over periods of days 
to months is well demonstrated in human medicine, 
with variability in serum cobalamin concentration 
results within individuals previously reported to be 
between 6% and 16%.24–28 Although variability of se-
rum cobalamin concentration within individual dogs 
has not been evaluated, biological variation in routine 
serum biochemical analytes29,30 and cPLI30,31 has been 
observed in healthy research and client-owned dogs. 
If biological variation is a meaningful factor in serum 
cobalamin concentrations in dogs, the cobalamin 
fluctuations identified in the present study could have 
been part of normal daily fluctuations attributable to 
factors such as serum protein concentrations and not 
directly related to the duration of withholding food.

Because of the low magnitude of change in se-
rum cobalamin concentrations between baseline and 
postprandial results (–7 to –59 ng/L) for dogs of the 
present study, it was unlikely that a sample collected 
1 to 8 hours postprandially, versus after 12 hours of 
withholding food, would yield results that would al-
ter clinical interpretation. This is because dogs with 
serum cobalamin concentrations within the lower 
aspect (eg, 251 to 400 ng/L) of the reference limits 
(251 to 908 ng/L) are at risk of cobalamin deficiency 
on a cellular level, and supplementation is often rec-
ommended in a clinical setting.32 The recommended 
use of cobalamin supplementation for patients with 
hypocobalaminemia or low normocobalaminemia, 
therefore, makes the exact distinction between 
whether a sample is slightly above or slightly below 
the lower reference limit less important to clinicians. 
Similarly, in dogs, there is currently no known clini-
cal significance of serum cobalamin concentrations 
above the upper reference limit (> 908 ng/L), making 
the distinction between whether a sample is within 
or above the upper reference limit unnecessary. In 
the single dog that was hypocobalaminemic in the 
present study, the fluctuation in postprandial results 
for serum cobalamin concentration failed to support 
a clear positive or negative linear trend. Further, be-
cause all dogs in the present study had cTLI concen-
trations above the diagnostic cutoff for EPI, the few 
hypocobalaminemic samples observed were more 
likely related to subclinical distal small intestinal dis-
ease than to extrinsic factor insufficiency.2,4
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Feeding did not significantly affect the me-
dian folate concentration in the dogs of the pres-
ent study. However, the interpretation of the folate 
concentration results for 4 dogs varied over the 
sampling period. Most notably, one dog with mild 
hypofolatemia (7.4 µg/L) and another with moder-
ate hypofolatemia (4.9 µg/L) at baseline were later 
normofolatemic at their postprandial 2- or 8-hour 
assessments, respectively. In people, bioavailability 
studies33,34 of folate-rich foods show that serum fo-
late concentrations peak at 2 hours postprandially 
and return to baseline by 4 to 7 hours postprandi-
ally. Therefore, it was possible that the serum fo-
late concentrations in the dogs with baseline hypo-
folatemia in the present study corrected as a result 
of postprandial absorption of dietary folate during 
the sampling period. The reasons that this was not 
replicated in the broader group could have includ-
ed variations in dietary folate intake and gastric 
emptying times3 and biological variation within in-
dividual dogs. Although folate abnormalities have 
been previously documented in dogs affected by 
chronic enteropathy35–37 and EPI,38 the prognostic 
significance of hypofolatemia and the necessity for 
supplementation of folate in hypofolatemic dogs 
has not been established.

Results indicated that withholding food had 
negligible effects on serum concentrations of cTLI 
or cPLI in dogs of the present study. These findings 
supported those from previous studies9,10 that show 
no change in serum cTLI or cPLI concentrations at 
any time point over a 6- to 8-hour period follow-
ing feeding. Although an RI for serum cTLI concen-
tration has been established for healthy dogs (5.7 
to 45.2 µg/L), interpretation of results below the 
lower reference limit and diagnosis of clinical EPI 
is complicated by the potential spectrum of pan-
creatic acinar atrophy in EPI.5 A serum cTLI con-
centration < 2.5 µg/L is considered diagnostic for 
EPI, whereas concentrations between 2.5 and 5.7 
µg/L may be associated with EPI but are more often 
related to factors other than pancreatic disease.5 
Thus, the estimated mean of differences in serum 
cTLI concentration (–1.3 to 2.6 µg/L) observed in 
dogs of the present study may have prevented a 
correct diagnosis of EPI in some dogs, suggesting 
that withholding food before taking a blood sample 
to assess the serum cTLI concentration would be 
preferable. Further studies evaluating the effect of 
feeding in dogs with suspected EPI are indicated.

Our findings indicated that when blood samples 
were centrifuged adequately before testing, post-
prandial lipemia did not affect serum concentrations 
of cobalamin, folate, cTLI, or cPLI. This tolerance for 
lipemia was consistent with a previously reported 
cPLI assay validation study16 and the manufacturer’s 
performance specifications39,40 for the analyzer used 
to measure cobalamin and folate concentrations in 
the present study. However, the additional centrifu-
gation process required for lipemic postprandial sam-

ples could obstruct diagnostic laboratory workflow 
and result in a higher number of laboratory errors, 
suggesting that samples obtained after withholding 
food would be preferable.41

The primary limitation of the present study was 
the small sample size, which was exacerbated for our 
analysis of serum cPLI concentrations because 5 dogs 
were censored for having all results below the lower 
limit of the working range of the assay. We recognize 
that the small sample size increased the potential for 
type II error and the likelihood of mischaracteriz-
ing the effect of withholding food on these analytes. 
Sample size limitations may have been ameliorated 
by wider recruitment or replicate testing of enrolled 
dogs over multiple days. Another limitation was the 
unknown applicability of our findings in the healthy 
dogs of the present study to dogs with gastrointesti-
nal disease.

Results indicated that withholding food had lim-
ited effects on serum concentrations of cobalamin, 
folate, cTLI, or cPLI in dogs and that such effects 
were limited to a clinically insignificant decrease in 
serum cobalamin concentrations at 4 and 8 hours 
postprandially and small changes in serum concen-
trations of folate and cTLI that did not reach statis-
tical significance but that could potentially change 
the clinical interpretation of results for some dogs. 
Given these findings and the additional processing 
requirements for lipemic samples, we recommend 
that whenever possible food be withheld for 8 hours 
before measurement of serum concentrations of co-
balamin, folate, cTLI, or cPLI in dogs. Furthermore, 
a similar evaluation should be performed in dogs 
with gastrointestinal disease to determine whether 
the withholding of food has a more meaningful diag-
nostic impact in that population.
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