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ABSTRACT
Background: Many horses receive firocoxib over multiple years, and studies evaluating hematologic and biochemical values in 
these animals are lacking.
Objective: To describe the hematologic and biochemical values of horses receiving long-term firocoxib.
Animals: A total of 79 horses receiving long-term firocoxib and 153 horses not receiving long-term firocoxib and not presenting 
for a specific medical problem.
Methods: Retrospective study comparing horses receiving firocoxib (F group) and no firocoxib (NF group). Signalment, he-
matologic, and biochemical values were compared between the two groups. Simple linear regression was used to evaluate the 
relationship between the duration of firocoxib administration and specific laboratory variables.
Results: Horses receiving long-term firocoxib (F) were 19 (5–33) years as compared to 15 (1–33) years for the NF group (p < 0.0001). 
The most common reason for receiving firocoxib was osteoarthritis in 44/79 (56%) of the animals in the F group. Horses in the F 
group had a total protein concentration of 6.6 (5.8–8.0) g/dL as compared to 6.5 (5.1–8) g/dL in the NF group (p = 0.03). The so-
dium concentration for F horses was 139 (133–143) mmol/L as compared to 138 (129–145) mmol/L for NF horses (p = 0.01). Total 
white blood cell count was 6.11 (2.82–14.36) 103 cells/uL in the F group as compared to 6.46 (3.04–14.71) 103 cells/uL in the NF 
group (p = 0.03). None of the laboratory variables were associated with the duration of firocoxib administration.
Conclusions and Clinical Importance: Many horses receive firocoxib for multiple years, and equine practitioners should be 
aware that expected changes in laboratory values are minimal.

1   |   Introduction

Firocoxib is a non-steroidal anti-inflammatory drug (NSAID) 
classified as a coxib, a class of drugs that is known for selective 
inhibition of the COX-2 enzyme that involves the inflammatory 
process [1–7]. Equine practitioners use firocoxib for long-term 
treatment in horses for a number of reasons. First, osteoarthritis 
is common in horses, and firocoxib improves specific variables 
such as range of motion and pain on palpation as compared to 
phenylbutazone [2, 8]. Second, when compared to vedaprofen, 

firocoxib clinically improves more chronically lame horses with 
osteoarthritis [9]. Third, firocoxib induces fewer gastrointestinal 
adverse effects when compared to phenylbutazone [10]. Overall, 
firocoxib provides good absorption, a longer half-life than other 
NSAIDs, and presents an acceptable safety profile to equine 
practitioners [3, 11]. Firocoxib is labeled for oral use for 14 days 
in horses (Equioxx Package Insert, Boehringer Ingelheim 
Animal Health USA Inc., Duluth, GA, USA). However, despite 
its widespread use, the effects of long-term firocoxib (> 14 days) 
on biochemical and hematologic values in horses are unknown.
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Coxibs are used in other species including dogs and people 
[12, 13]. In contrast to horses, there are studies in both of these 
species describing the long-term effects of coxibs on labora-
tory variables. In dogs, long-term use of coxibs is associated 
with a mild increase in serum creatinine concentration [4]. 
Other biochemical and hematologic changes associated with 
long-term use are not identified [4]. However, other studies 
have had mixed results with only mild changes in renal values 
[7, 14]. Studies of long-term coxib treatment in people reveal 
a low incidence of gastrointestinal adverse effects [15–17]. 
While firocoxib is used long-term in dogs, horses, and peo-
ple, equine medicine lacks the research needed to support this 
common practice.

The objective of this study was to conduct a retrospective 
evaluation comparing horses receiving long-term firocoxib 
with those not receiving long-term firocoxib and specifically 
to determine if there are significant changes in laboratory 
variables that would be clinically relevant. The hypothesis is 
that long-term firocoxib treatment would be associated with 
increases in concentrations of serum creatinine and BUN, a 
decrease in plasma protein concentration, and a decrease in 
total white cell count.

2   |   Materials and Methods

Medical records of horses from the Loomis Basin Equine 
Medical Center from September 1, 2021 to September 30, 2021 
were included for initial analysis. A specific wellness protocol 
was offered during this month for horses enrolling in an an-
nual preventative care program. As part of this enrollment, a 
complete blood count and chemistry panel was performed in 
addition to a manual PCV and total protein measured using the 
microhematocrit method and refractometer. The results were 
stored in the clinic's medical database and accessed retrospec-
tively for the purposes of the study. Exclusion criteria included 
any horse that presented to the hospital for medical treatment or 
for evaluation of a specific medical condition.

Information obtained from the medical records included sig-
nalment (age, sex, weight, and breed), firocoxib treatment 
status (duration of treatment if treated), packed cell volume 
(PCV), manual total protein concentration (TP), serum albu-
min concentration, serum globulin concentration, serum creat-
inine concentration, blood urea nitrogen concentration (BUN), 
serum sodium concentration, serum potassium concentration, 
serum chloride concentration, total white blood count (WBC), 
and neutrophil count. When weight was recorded, the dose of 
firocoxib was calculated. Breed was categorized as Arabian, 
Quarter Horse, Paint Horse, Thoroughbred, and other.

Horses receiving firocoxib for 2 or more months were catego-
rized as the F group, and horses not receiving firocoxib were 
categorized as the NF group. Horses that received firocoxib for 
less than 2 months were excluded from the study. Duration of 
firocoxib treatment and dosage was recorded in months based 
on the first date of purchase and/or prescription of the medi-
cation. For the NF group, records were reviewed for history of 
firocoxib prescriptions from an outside pharmacy or for firo-
coxib treatment that was discontinued due to adverse effects.

Additionally, the reason for long-term firocoxib treatment was 
recorded from the medical record and categorized as osteoar-
thritis, laminitis, orthopedic soft tissue injury (e.g., tendon or 
ligament tear), navicular disease, other chronic lameness, and 
non-lameness problem. Animals could have more than one di-
agnosis category for the cause of firocoxib use if indicated by the 
medical record.

Data were reported as mean ± SD for normally distributed 
data and median (range) for non-normally distributed data. 
Normality was determined using the Kolmogorov–Smirnov test. 
For continuous variables (e.g., age, weight, laboratory values), 
the firocoxib (F) and no firocoxib (NF) groups were compared 
using an unpaired t-test (normally distributed data) or a Mann–
Whitney test (non-normally distributed data). For categorical 
variables (e.g., sex, breed), the F and NF groups were compared 
using Fisher's exact test.

For horses in the firocoxib group, simple linear regression was 
used to assess relationships between the duration of firocoxib 
treatment (number of months) and specific hematologic and 
biochemical variables. Laboratory variables with p < 0.2 in the 
simple regression analysis were selected to be included in the 
multiple linear regression model selection, including sex and 
age as mandatory explanatory variables. A forward stepwise 
process was used for model selection when multiple variables 
were included. A commercially available statistical software 
package was used for analysis (GraphPad Prism version 10.02 
for Windows, GraphPad Software).

3   |   Results

A total of 408 horses were included for initial evaluation. Of these 
animals, 176 were removed from the study group based on the 
exclusion criteria. Of the remaining 232 horses, 153/232 (66%) 
cases were not receiving long-term firocoxib (NF) and 79/232 
(34%) cases were receiving long-term firocoxib (F). The dura-
tion of firocoxib treatment was 10 (2–52) months. Within the 
group of animals receiving firocoxib, 17/79 (22%) patients were 
receiving firocoxib for 2–4 months, 28/79 (35%) for 5–11 months, 
17/79 (22%) for 12–24 months, and 17/79 (22%) patients were re-
ceiving firocoxib for greater than 24 months. There were 60/79 
(76%) of horses receiving firocoxib with a recorded body weight 
of 487 ± 108 kg. These horses received a firocoxib dosage of 
0.13 ± 0.08 mg/kg which is similar to the dosage used in other 
equine studies [18, 19].

The age of the 153 horses not receiving long-term firocoxib 
(NF) was 15 (1–33) years and was significantly lower than the 
79 horses receiving long-term firocoxib (F) 19 (5–33) years 
(p < 0.0001). The Arabian breed was more common in the fi-
rocoxib group (19/79; 25%) as compared to the non-firocoxib 
group (17/153; 11%; p = 0.01). No other significant differences 
in breed distribution were identified between the groups. 
There were 62/153 (41%) mares in the NF group and 34/79 
(43%) mares in the F group, which was not significantly dif-
ferent (p = 0.78).

The main reason for horses receiving long-term firocoxib was 
osteoarthritis (44/79; 56%), followed by animals where the 
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medical record did not indicate a diagnosis (17/79; 21%), lami-
nitis (8/79; 10%), orthopedic soft tissue injury (8/79; 10%), na-
vicular syndrome (5/79; 6%), chronic lameness (5/79; 6%), and 
non-lameness problems (2/79; 2%). Nine of 79 (11%) horses had 
more than one diagnosis as a reason to receive firocoxib.

Laboratory values for the F and NF groups are reported in 
Table 1. Horses in the F group had a total protein concentration 
of 6.6 (5.8–8.0) g/dL as compared to 6.5 (5.1–8.0) g/dL in the NF 
group (p = 0.03). Two of the horses in the NF group had total pro-
tein concentrations below the reference range whereas no horses 
in the F group had concentrations below the normal range. The 
sodium concentration for F horses was 139 (133–143) mmol/L as 
compared to 138 (129–145) mmol/L for NF horses (p = 0.01). Five 
horses in the NF group had a sodium concentration above the 
normal range whereas only one horse in the F group had a con-
centration above the normal range. Total white blood cell count 
was 6.11 (2.82–14.36) 103 cells/uL in the F group as compared to 
6.46 (3.04–14.71) 103 cells/uL in the NF group (p = 0.03). Twelve 
horses in the NF group had a WBC concentration below the nor-
mal range whereas 15 horses in the F group had a WBC concen-
tration below the normal range. There was no difference in BUN 
and creatinine concentration between the F and NF groups.

Simple linear regression analysis between firocoxib duration 
and each laboratory variable identified four variables (WBC, 
neutrophils, albumin, and globulin) with p < 0.2 (Table  2). 
Simple linear regression between age (explanatory variable) 
and each laboratory variable (outcome) identified creatinine 
(p = 0.03) and albumin (p = 0.07) with p < 0.2. Simple linear re-
gression between sex (explanatory variable) and each laboratory 
variable (outcome) identified WBC (p = 0.07) and BUN (p = 0.06) 
with p < 0.2. Based on these results, a multiple linear regression 
model for albumin with age and firocoxib duration was evalu-
ated (p = 0.65) as well as a multiple linear regression model for 
WBC with sex and duration of firocoxib treatment (p = 0.14).

As a post hoc analysis, the subgroup of Arabian horses was ana-
lyzed and those receiving firocoxib were compared to those not re-
ceiving firocoxib (Table 3). In this post hoc analysis of the Arabian 

subgroup, the differences in sodium concentration (p = 0.02) and 
total protein concentration (p = 0.03) were still present, but there 
was no longer a difference between white cell counts (p = 0.45).

For horses in the NF group, no history of firocoxib prescriptions 
from outside pharmacies was present, but records from outside 
pharmacies were not requested. There were no reports of horses 
in the NF group receiving firocoxib and then discontinuing due 
to adverse effects.

4   |   Discussion

This retrospective study compared a group of horses receiving long-
term firocoxib (F) with a group of horses that were not receiving 
firocoxib (NF). The horses in the firocoxib group were older and 
were more likely to be of Arabian breeding. A small, but clinically 

TABLE 1    |    Comparison of laboratory values between the F (firocoxib) and NF (no firocoxib) groups.

Variable Firocoxib (F) N No firocoxib (NF) N p Reference range

White blood cells (WBC; 103 cells/μL) 6.11 (2.82–14.36) 79 6.46 (3.04–14.71) 153 0.03 5.00–12.00

Neutrophils (103 cells/uL) 3.7 (1.96–12.11) 79 3.72 (2.01–13.04) 153 0.49 2.18–6.96

Packed cell volume (PCV; %) 34 (24–51) 78 35 (26–57) 153 0.22 30.0–49.0

Total protein (TP) – manual (g/dL) 6.6 (5.8–8.0) 78 6.5 (5.1–8) 153 0.03 5.5–8.0

Globulins (g/dL) 3.7 (2.4–4.8) 76 3.6 (2.4–4.9) 153 0.20 2.8–4.8

Albumin (g/dL) 3 (2.5–3.5) 79 3 (2.4–3.5) 153 0.35 2.8–3.9

Creatinine (mg/dL) 1 (0.5–1.8) 79 1 (0.5–4.2) 153 0.58 0.7–1.8

Blood urea nitrogen (BUN; mg/dL) 18.0 (8.6–28.3) 78 17.9 (9.5–52.1) 151 0.92 10.0–25.0

Sodium (Na; mmol/L) 139 (133–143) 79 138 (129–145) 151 0.02 130–142

Potassium (K; mmol/L) 4.1 (2.6–7.7) 79 4.2 (2.4–7.7) 149 0.16 2.4–4.6

Chloride (Cl; mmol/L) 99 (90–108) 79 99 (87–107) 150 0.78 95–108

Note: Variables were compared using a Mann–Whitney test and p < 0.05 was considered statistically significant. Data are reported as mean ± SD or median (range).

TABLE 2    |    Simple linear regression results evaluating the association 
between the duration of firocoxib treatment in the F (firocoxib) group 
with specific laboratory variables.

Variable Coefficient p

White blood cells (103cells/uL) −0.02 0.07

Neutrophils (cells/uL) −0.02 0.13

Sodium (mmol/L) 0.00 0.73

Potassium (mmol/L) 0.00 0.70

Chloride (mmol/L) −0.01 0.73

PCV (%) −0.02 0.70

Manual total protein (g/dL) 0.00 0.99

Creatinine (g/dL) −0.23 0.97

BUN (g/dL) 0.04 0.21

Albumin (g/dL) 0.00 0.12

Globulin (g/dL) 0.01 0.11
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unimportant increase in plasma sodium concentration and total 
protein concentration was observed in the firocoxib group. There 
was no difference in BUN and creatinine concentration between 
the F and NF groups. A small, but clinically unimportant decrease 
in the total white cell count was observed in the firocoxib group. 
Duration of firocoxib administration was not associated with 
changes in any of the variables evaluated in this study.

The age of horses receiving firocoxib (F) in this study was 19 
(5–33) years and was significantly higher than 15 (1–33) years of 
age of horses not receiving firocoxib (NF). This difference could 
be explained by the high prevalence of lameness in horses over 
15 years of age that is associated with osteoarthritis [20]. In the 
authors' experience, there is also a belief by some clients that this 
medication is commonly needed in older horses, and therefore 
owners may ask about the medication more frequently if they 
have a horse that is aged.

The most common breeds seen in this study were Quarter Horse, 
Arabian, Thoroughbred, and Paint Horse. Similarly, Quarter 
Horse and Thoroughbred were the most common breeds in a 
study evaluating the effects of firocoxib for the management of 
naturally occurring osteoarthritis [8]. The number of Arabian 
horses receiving long-term firocoxib was significantly higher 
than Arabians not receiving firocoxib. The hospital is located in 
an area with a large number of endurance horses, and therefore 
there are a large number of retired Arabian horses being used 
for trail riding. This may explain the overrepresentation of this 
breed in the (F) group. In the post hoc analysis of the Arabian 
subgroup, the differences in sodium concentration and total pro-
tein concentration were still present, but there was no longer a 
difference between white cell counts. However, the size of the 
group was much smaller for this subset.

One of the unexpected findings in this study was the change in 
plasma sodium concentration associated with long-term firo-
coxib administration. The difference between groups was only 
1 mmol/L, which is unlikely to be of clinical significance and 
would not exceed the normal range for the variable. The highest 

sodium concentration in the firocoxib group was 143 mmol/L. 
In human studies, a similar effect was observed where sodium 
concentration was increased in association with COX-2 inhibi-
tion [19]. The COX-2 inhibition resulted in a clinically unimport-
ant transient sodium retention without affecting the glomerular 
filtration rate in healthy, elderly humans [21].

The total protein concentration was minimally increased in 
horses receiving long-term firocoxib. In a study evaluating the 
difference between firocoxib and flunixin meglumine in horses, 
the total protein was significantly greater after a 5-day treat-
ment with firocoxib, without significant changes in albumin 
or globulins [22]. The study hypothesized that this increase in 
total protein concentration could be caused by an increase in 
acute phase inflammatory proteins or a change in circulatory 
volume [22]. In the present study, the use of long-term firocoxib 
was not associated with a decrease in total protein, which might 
be expected given the association between NSAID use in horses 
and the development of right dorsal colitis [23, 24]. Additional 
prospective studies could better evaluate whether this change in 
total protein concentration is repeatable.

The white blood cell count was decreased in horses receiving 
long-term firocoxib. In the group receiving firocoxib, age was 
not associated with white cell count and therefore was unlikely 
to be a factor in this finding. In general, leukopenia can be found 
in horses with gastrointestinal disease, and specifically colitis 
[25, 26]. It is possible that the horses in the present study had 
subclinical right dorsal colitis associated with NSAID adminis-
tration; however, the classic hypoproteinemia was not observed. 
Horses with right dorsal colitis have variable changes in total 
white cell counts [23], with some horses above and below the 
reference range in a recent study [24].

While small changes in creatinine concentrations were ob-
served in dogs receiving long-term firocoxib, there were no 
significant differences in creatinine and blood urea nitrogen 
(BUN) in horses receiving firocoxib in this study [3]. A study 
comparing the use of firocoxib and flunixin meglumine for 

TABLE 3    |    For the subgroup of Arabian horses enrolled in the study, Comparison of laboratory values between the F (firocoxib) and NF (no 
firocoxib) groups.

Variable Firocoxib (F) N No firocoxib (NF) N p Reference range

White blood cells (WBC; 103 cells/uL) 6.1 (4.3–14.4) 19 6.3 (4.0–10.3) 17 0.45 5.00–12.00

Neutrophils (103 cells/uL) 3.8 (2.4–12.1) 19 3.5 (2.7–7.5) 17 0.30 2.18–6.96

Packed cell volume (PCV; %) 34 (28–40) 19 34 (29–52) 17 0.81 30.0–49.0

Total protein (TP) – manual (g/dL) 6.8 ± 0.4 19 6.5 ± 0.4 17 0.03 5.5–8.0

Globulins (g/dL) 3.8 ± 0.6 19 3.8 ± 0.5 17 0.25 2.8–4.8

Albumin (g/dL) 3.0 ± 0.2 19 3.0 ± 0.2 17 0.95 2.8–3.9

Creatinine (mg/dL) 0.8 (0.5–1.4) 19 0.8 (0.6–0.9) 17 0.92 0.7–1.8

Blood urea nitrogen (BUN; mg/dL) 17.6 ± 4.2 19 18.0 ± 4.3 17 0.77 10.0–25.0

Sodium (Na; mmol/L) 140 (135–142) 19 138 (135–142) 17 0.02 130–142

Potassium (K; mmol/L) 3.8 ± 0.6 19 4.2 ± 0.7 17 0.07 2.4–4.6

Chloride (Cl; mmol/L) 98 ± 5 19 98 ± 4 17 0.46 95–108

Note: Data are reported as mean ± SD or median (range).
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5 days in horses found a significant increase in the creatinine 
concentration during this short treatment period for either treat-
ment [22]. Similarly, when firocoxib was combined with phenyl-
butazone for 10 days, increases in creatinine were also observed 
[6]. Overall, the present study suggests that long-term use of fi-
rocoxib for up to 52 months in horses is unlikely to be associated 
with increases in serum creatinine.

A major limitation of this study was its retrospective nature, 
which makes it difficult to determine a treatment effect without 
significant bias. Horses in the study could have been evaluated 
by another veterinary hospital and received other nephrotoxic 
drugs, and this information would not be available in the med-
ical records provided. Similarly, it is very difficult to know if 
owner compliance was acceptable. Clients could have purchased 
firocoxib for one horse but used the medication for two horses 
or not given the medication at all. An inherent assumption in 
this study was that if owners continued to purchase firocoxib, 
then the horses were receiving firocoxib at the appropriate and 
prescribed dose.

Another limitation of this study was the difference in ages be-
tween the two groups. This was not an unexpected finding be-
cause osteoarthritis was one of the most common conditions 
identified in the study group receiving firocoxib. Osteoarthritis 
is more common in older horses compared to younger horses 
[20]. A future prospective study that is randomized and blinded 
could address this limitation and evaluate whether the results of 
this study are consistent in age-matched groups.

Another important limitation of the study design is that a horse 
that started treatment with firocoxib might have stopped treat-
ment prior to the date of laboratory testing. An example would 
be an animal that developed loose manure during treatment 
with firocoxib, and the medication could have been stopped be-
fore laboratory testing. The authors are not specifically aware of 
any horses that fell into this category during this period; how-
ever, this bias could result in firocoxib horses being effectively 
removed from the study if they were having problems with the 
medication. A prospective study could address this concern.

The cutoff for inclusion in this study was a minimum of 2 months 
duration of firocoxib treatment. In people, 3 months has been 
considered a time point for establishing chronic NSAID use [27]. 
Given that firocoxib is commonly sold to horse clients in multi-
ples of 60 tablets (2, 4, 6 month, etc.), the authors chose 2 months 
as a cutoff for enrollment in the study. The duration of treatment 
was not associated with any of the laboratory variables, but the 
analysis was repeated with a 4-month minimum treatment du-
ration in order to verify the robustness of the results.

In conclusion, the results of this study suggest that horses re-
ceiving long-term firocoxib at a dose of approximately 0.13 mg/
kg orally once a day have minimal changes in biochemical and 
hematological values. However, oral firocoxib is currently la-
beled for a 14-day treatment course.
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