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UF-dogs. Body condition score (BCS; 1-9 scoring scale), serum triglyceride (TG) and

were recorded in both groups.

Results: On univariate logistic regression, when excluding Miniature Schnauzers,
odds of having uroliths increased by a factor of 3.32 (95% Cl 1.38-11.12) for each
mmol/L of TG (P = .027), of 39 (95% Cl 9.27-293.22) for each mmol/L of glycemia
(P < .0001), and of 2.43 (95% Cl 1.45-4.45) per unit of BCS (P = .002). In multivari-
able models, the effect of TG was retained when all breeds were included for analysis
and odds of having uroliths increased by a factor of 4.34 per mmol/L of TG (95% ClI
1.45-19.99; P = .02).

Conclusions and Clinical Importance: Serum lipid screening in dogs diagnosed with
CaOx uroliths might be recommended to improve their medical staging and

management.
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1 | INTRODUCTION

Abbreviations: BCS, body condition score; BMI, body mass index; CaOx, calcium oxalate
CH, serum total cholesterol; HCH, hypercholesterolemia; HTG, hypertriglyceridemia
LUT, lower urinary tract; MetS, metabolic syndrome; ORMD, obesity-related metabolic

A ’ ; ; - > Based on global data from the Minnesota Urolith Center, calcium oxa-
dysfunction; SBP, systolic blood pressure; TG, serum triglycerides; USG, urine specific

gravity. late (CaOx) uroliths represent 36% of urolith submissions in dogs.
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The increasing prevalence of CaOx uroliths relative to other urinary
tract urolith types over the last 2 decades is of concern.2* Overall,
the pathophysiology of CaOx urinary tract urolith formation is com-
plex, and much still remains to be understood. The 2 major factors
involved in crystal formation are supersaturation of urine with calcium
and oxalate and the imbalance between substances that promote and
those that inhibit CaOx formation.®

In humans, the prevalence and incidence of CaOx uroliths have
markedly increased over the past several decades, especially in devel-
oped countries in which certain predisposing factors, such as obesity,
have been identified.® Obesity represents a major and increasing
healthcare concern in both human and veterinary medicine.””? The
population prevalence of overweight or obese dogs is estimated at
20 to 60% across various countries.’®18 Overweight or obese people
have an increased risk of CaOx and uric acid urolith formation and

19-21

recurrence. Especially, hyperlipidemia—defined as hyper-

triglyceridemia (HTG), hypercholesterolemia (HCH), or both—is related
to an increased risk of nephrolithiasis in people.222¢
Human metabolic syndrome (MetS) defined as concurrent obe-

27.28 s associ-

sity, hypertension, dyslipidemia and insulin resistance,
ated with alterations in urine mineral content leading to an increased
risk of both CaOx and uric acid nephrolithiasis formation and recur-
rence.24273% As dogs do not experience many of the complications
associated with MetS identified in humans, such as atherosclerosis,
coronary heart disease or stroke and type 2 diabetes mellitus, defining
MetS for dogs has been questioned,®> and the MetS criteria have
therefore been adapted for this species defining obesity-related meta-
bolic dysfunction (ORMD).2¢ The diagnosis of ORMD in dogs relies
on 2 criteria: (a) body condition score (BCS) of 7-9/9; AND
(b) any 2 of the following: (1) serum TG > 2.3 mmol/L; (2) serum
CH > 7.8 mmol/L; (3) systolic blood pressure > 160 mm Hg; (4) plasma
glucose > 5.6 mmol/L, or previously diagnosed diabetes mellitus.3
When compared with healthy dogs, dogs with ORMD have higher
serum concentrations of CH, TG and glucose.>” Approximately 20%
of dogs with naturally occurring obesity have concurrent ORMD.3¢
The aim of this study was to investigate the association between
obesity and hyperlipidemia (CH, TG) with CaOx lower urinary tract
uroliths in dogs. Hypotheses are that obesity and hyperlipidemia are

associated with CaOx lower urinary tract uroliths in dogs.

2 | MATERIALS AND METHODS

The study protocol defined and compared 2 groups: dogs with
(U [uroliths]-dogs) and without (UF [uroliths-free]-group) CaOx lower uri-
nary tract uroliths. For U-dogs, medical records between January 2013
and January 2020 were reviewed for dogs having concurrent CaOx lower
urinary tract uroliths and serum TG measurement after >12-hour food
withholding. Since 2013, all dogs that presented to the Internal Medicine
Department at the Veterinary Teaching Hospital, University of Montreal,
for further assessment of lower urinary tract uroliths, underwent a sys-
tematic screening for hyperlipidemia after recent evidence that hyperlipid-

emia might be related to an increased risk of lithiasis in people.?22¢ CaOx

monohydrate or dihydrate lower urinary tract uroliths were defined as
having a composition of 270% of these minerals on chemical analysis.®
All uroliths were analyzed by the Canadian Veterinary Urolith Centre
(CVUC), University of Guelph, Laboratory Services Division, Guelph, ON,
N1H 8J7, Canada. UF-dogs enrolled in the study were apparently healthy
staff pets from the Veterinary Teaching Hospital, University of Montreal,
and were recruited between November and December 2019. Dogs with
comorbidities or receiving concurrent pharmaceuticals that could influence
lipid metabolism, glucose metabolism or urine composition were excluded
from both U- and UF-groups. The study was approved by the ethics com-
mittee of the University of Montreal (19-Rech-2049). Informed owner
consents were obtained before enrollment of UF-dogs.

The following data were recorded: signalment, previous medical his-
tory (medical background, current treatments, and diet), physical exami-

nation findings with BCS (1 to 9 points scale),>®

complete blood cell
count (CBC) and biochemistry profile including electrolytes (ionized cal-
cium if needed), CH and TG (within 3 months of CaOx lower urinary
tract urolith removal), and urinalysis (free-catch or cystocentesis). Sam-
ples were collected after food was withheld for >12 hours. Dogs in the
control group (UF-dogs) were prospectively recruited based on absence
of lower urinary tract uroliths confirmed by the absence of visible uro-
liths on ultrasound and on 2 abdominal radiographs (orthogonal views
and a lateral view with the legs extended to evaluate the course of the
urethra in male dogs). UF-dogs also underwent a complete physical
examination including evaluation of BCS, CBC, biochemistry profile
including TG, CH, and serum glucose after >12-hour food withholding,
and urinalysis (37 cystocentesis and 2 free-catch samples) and only sys-
temically healthy dogs were included. All blood and urine samples from
U- and UF-dogs were processed by the same laboratory at the Veteri-
nary Teaching Hospital, University of Montreal. The laboratory analyzers
and technique for evaluating biochemical profiles including serum
TG, CH and glucose were the same from 2013 through to 2020.

A single investigator (MVP) recorded BCS of UF-dogs whereas
the BCS of U-dogs was evaluated by the attending veterinarian. Over-
weight was defined as a BCS 26 and obesity by a BCS 27.374° Sys-
temic hypertension was present if the mean of the systolic blood
pressure (SBP) measurements was above 160 mm Hg measured
by a Doppler device.** Cholestasis was suspected with a 2-fold
increase in alkaline phosphatase (2226 U/L) and concomitant ultraso-
nographic evidence of 1—mobile gallbladder sludge with a dilated
gallbladder lumen; or 2—calculi with a dilated gallbladder lumen; or
3—characteristics of a gall bladder mucocele.*>** The diagnosis of
ORMD in dogs relied on 2 criteria: (a) body condition score (BCS) of
7-9/9; AND (b) any 2 of the following: (1) serum TG >2.3 mmol/L
(>203.7 mg/dL); (2) serum CH>7.8mmol/L (>301.6 mg/dL);
(3) SBP >160 mm Hg; (4) plasma glucose >5.6 mmol/L (>100.8 mg/dL),
or previously diagnosed diabetes mellitus.>®

Statistical analyses and graphs were produced using GraphPad
PRISM 9 software version 9.2.0 (San Diego, CA). Qualitative data
were presented as percentages and analyzed with a Fisher's exact
test. Quantitative data were presented as medians and ranges and
were analyzed with a Mann-Whitney test. A P-value of <.05 was con-

sidered significant. Serum lipid concentrations were analyzed as
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dichotomous (abnormal vs normal) and as continuous variables to
evaluate their relationship with CaOx lower urinary tract uroliths. The
cutoffs used were 7.8 mmol/L (301.6 mg/dL) for HCH and
2.3 mmol/L (203.7 mg/dL) for HTG.3¢

Univariate logistic regressions were used to examine the effect
of each risk factor on the odds of having uroliths. The effect of
these risk factors was further studied in multivariable logistic
regressions controlling for confounding variables. The logic was to
include variables that were significant in the univariate models.
Body condition scores were not available in many dogs with CaOx
uroliths, and the logistic regressions were therefore performed with
and without BCS. Odds ratios (OR) associated with serum glucose
concentration produced unreliable estimates as evidenced by the
large confidence intervals in the univariate model. Hence, we did
not consider this variable in the multivariate models. Apart from
glycemia, the multivariable models included the same cofactors: in
1 model, age and sex were included; in another model, age, sex,
BCS and urine specific gravity were included. Analyses were
repeated including or not breeds predisposed to primary hyperlipid-
emia, which only referred to Miniature Schnauzers in the current

study.

3 | RESULTS
The review of medical records between January 2013 and January
2020 for dogs having concurrent CaOx lower urinary tract uroliths

(2 70% of CaOx monohydrate or dihydrate on chemical analysis)

and >12-hour food withholding serum TG measurement identified
66 dogs. Eight dogs with CaOx lower urinary tract uroliths presented
with comorbidities that could influence lipid metabolism, glucose
metabolism or urine composition and were excluded (2 dogs with
hypothyroidism, 2 dogs with pituitary-dependent hyper-
adrenocorticism, and 4 dogs with suspected cholestasis). Three dogs
with CaOx lower urinary tract uroliths had received corticosteroids or
phenobarbital within 3 months before presentation and were
excluded.

Finally, 55 dogs were retrospectively recruited in the U-group,
including Miniature Schnauzer (22%, 12/55), Shih Tzu (18%, 10/55),
Yorkshire Terrier (16%, 9/55), Poodle (15%, 8/55), Bichon (3 Maltese
and 1 Frise; 6%, 4/55) and 10 other breeds (3 Dachshund, 2 Chihua-
hua, 2 Lhasa Apso, 1 Miniature Pinscher, 1 Portuguese Water Dog,
1 Coton de Tulear, 1 Pug, 1 Boston Terrier). Epidemiological and clini-
cal findings in U-dogs are detailed in Table 1.

Serum TG, CH and glucose values were available for 55, 32 and
42 U-dogs respectively. Abdominal radiographs and urinary tract
ultrasound were performed in 98% (54/55) and 84% (46/55) of
U-dogs respectively. Among U-dogs, 36% (20/55) had only bladder
uroliths, 2% (1/55) had only urethral uroliths and 62% (34/55)
had both bladder and urethral uroliths. Minimally invasive procedures
basket
urohydropulsion, and laser lithotripsy) were performed in 98% (54/55)

(percutaneous  cystolithotomy,  cystoscopic removal,
of U-dogs and open surgical cystotomy was performed in 1 dog (2%).
Among the 55 U-dogs, 47 dogs (85%) had CaOx monohydrate lower
urinary tract uroliths and 8 dogs (15%) had CaOx dihydrate lower uri-

nary tract uroliths.

TABLE 1 Epidemiological and clinical findings in dogs with and without lower urinary tract CaOx uroliths
U-dogs (n = 55) UF-dogs (n = 39) P
Sex
Male 72% (40/55) 33% (13/39) <.001
Neutered males 67% (37/55) 33% (13/39)
Intact males 5% (3/55) 0% (0/39)
Female
Spayed females 27% (15/55) 59% (23/39)
Intact females 0% (0/55) 8% (3/39)
Age (median, range), months 100 [24-155] 78 [12-149] .008
Weight (median, range), kg 7.2[1.6-28.7] 9[1.77-23.7] .07
Clinical signs on presentation
Hematuria 60% (33/55) 0
Pollakiuria 53% (29/55) 0
Dysuria 22% (12/55) 0
Stranguria 11% (6/55) 0
Periuria 7% (4/55) 0
Nocturia 4% (2/55) 0
Oliguria or anuria 2% (1/55) 0
Discomfort on caudal abdominal palpation 16% (9/55) 0
Urolith prevention diet fed for >3 months before 44% (24/55) 0

presentation (dry or wet not known)
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TABLE 2 Hyperlipidemia in dogs with and without CaOx lower urinary tract uroliths

U-dogs UF-dogs P

TG (mmol/L; median, range) 0.93(0.21-11.96),n = 55 0.49 (0.16-1.96), n = 39 .0002*
TG without Miniature Schnauzers (mmol/L; median, 0.87(0.21-11.96), n = 43 0.49 (0.16-1.96), n = 39 .005*

range)
HTG (%) 24%,n =55 0%, n =39 .0006*
HTG without Miniature Schnauzers (%) 19%,n =43 0%, n = 39 .01*
CH (mmol/L; median, range) 6.47 (3.08-9.58), n = 32 5.65(2.94-12.6), n = 39 17
HCH (%) 21%,n =29 13%, n = 39 .51

Abbreviations: CH, serum total cholesterolemia; HCH, hypercholesterolemia; HTG, hypertriglyceridemia; TG, serum triglyceridemia.

“Indicates significant differences.

Forty dogs were prospectively recruited based on absence of
lower urinary tract uroliths. Thirty-nine dogs were deemed systemi-
cally healthy and were enrolled in UF-group. The last dog was
excluded after being diagnosed with hypothyroidism. The
39 remaining UF-dogs included mixed breeds (28%, 11/39), Yorkshire
Terrier (13%, 5/39), and 13 other breeds (3 Cavalier King Charles
Spaniel, 1 American Cocker Spaniel, 1 Pembroke Welsh Corgi, 1 Shiba
Inu, 3 Boston Terrier, 2 Shih Tzu, 1 Maltese, 1 Bichon Frise, 1 Jack
Russell Terrier, 3 Chihuahua, 2 Australian Shepherd, 1 Pug, 2 Pit Bull).
Serum TG, CH and glucose measurements were available for all
39 UF-dogs. Epidemiological and clinical findings in UF-dogs are
detailed in Table 1.

Serum TG concentrations were significantly higher in U-dogs than
UF-dogs, with (0.93 mmol/L, n = 55, range: 0.21-11.96; 0.49 mmol/L,
n = 39, range: 0.16-1.96; P = .0002) or without Miniature Schnauzers
(0.87 mmol/L, n = 43, range: 0.21-11.96; 0.49 mmol/L, n = 39, range:
0.16-1.96; P = .005; Table 2, Figure 1). HTG was significantly more
frequent in U-dogs than UF-dogs, with (24%, 13/55; 0%, 0/39;
P = .0006) or without Miniature Schnauzers (19%, 8/43; 0%, 0/39;
P = .01; Table 2). Serum CH concentrations and hypercholesterolemia
did not differ significantly between the 2 groups (P = .17 and P = .51,
respectively; Table 2). The effect of TG was maintained when exclud-
ing dogs receiving urinary diets in both U- and UF-groups, whether
Miniature Schnauzers were included: median TG 1.29 mmol/L
[0.41-9.6] in U-dogs (n = 31) vs 0.49 mmol/L [0.16-1.96] in UF-dogs
(n = 39), P <.0001; or excluded: 0.97 mmol/L [0.41-9.6] in U-dogs
(n = 23) vs 0.49 mmol/L [0.16-1.96] in UF-dogs (n = 39), P < .0001.

Body condition scores were significantly higher in U-dogs (median
5, n = 43, range: 4-9) than UF-dogs (median 5, n = 39, range: 4-7;
P = .04; Table 3, Figure 2). Obesity (BCS 27) was significantly more
frequent in U-dogs (23%, 10/43) than UF-dogs (3%, 1/39; P = .008)
but a similar proportion of the subjects were overweight in the
2 groups (P = .11; Table 3). Median glycemia was significantly higher
in U-dogs (5.8 mmol/L, n = 42, range: 4.3-7.0) than UF-dogs
(4.7 mmol/L, n = 39, range: 3.0-6.2; P < .0001; Table 3, Figure 3). Sys-
tolic blood pressures were reported in 31 U-dogs (mean 156, n = 31,
range: 110-211; Table 3). Given the retrospective recruitment of
U-dogs, all ORMD criteria (as defined by Tvarijonaviciute et al,,
2012)%¢ were available for 12 U-dogs (22%), from which 1 (2%) was

Without Miniature Schnauzers
P =.005

With Miniature Schnauzers
P =.0002

logy (TG)
1 111 ||||I

0.1

UF-dogs U-dogs UF-dogs U-dogs

FIGURE 1 Triglyceridemia (TG) in dogs with (55 U-dogs) and
without (39 UF-dogs) CaOx lower urinary tract uroliths. Medians with
interquartile ranges are presented

diagnosed with ORMD. The ORMD could not be assessed in UF-dogs
since the study design did not allow to measure SBP.

Univariate OR for having uroliths are presented in Table 4. No
dogs in the UF-group had HTG therefore this categorical variable
could not be tested. Odds of having uroliths, when excluding Minia-
ture Schnauzers, significantly increased per unit of serum TG
(OR = 3.32, 95% Cl 1.38-11.12, P = .027), BCS (OR = 2.43, 95% Cl
1.45-4.45, P = .002), glycemia (OR = 39.37, 95% Cl 9.27-293.22,
P <.0001), additional month of age (OR = 1.017, 95% ClI
1.0038-1.031, P = 0.01), and in males vs females (OR = 8.75, 95% Cl
3.29-25.51, P <.0001) and decreased per unit of USG (OR = 0.95,
95% Cl 0.91-0.99, P = .02; Table 4). Cholesterol and urinary pH were
not significantly associated with CaOx lower urinary tract uroliths.
Similar effects were observed when including Schnauzers as well.

In all multivariable models, a significant effect of TG only occurred
when including Schnauzers adjusting for age and sex or adjusting for
age, sex, BCS and USG (Table 5). When adjusted for age and sex, odds
of having uroliths increased by a factor of 3.23 per unit of TG when
all dog breeds were included (95% Cl 1.33-12.08; P = .04; Table 5).
When adjusted for age, sex, BCS, and urine specific gravity, odds of

having uroliths increased by a factor of 4.34 per mmol/L of TG (95%
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TABLE 3 Other components of

U-dogs UF-dogs P . . .
obesity-related metabolic dysfunction
BCS (median, range) 5(4-9),n=43 5(4-7),n=39 04 (ORMD) in dogs with and without CaOx
Overweight (BCS 26; %) 46%,n =43 28%, n = 39 11 lower urinary tract uroliths
Obese (BCS 27; %) 23%, n =43 3%, n =39 .008*
Glycemia (mmol/L; median, range) 5.8(4.3-7.0), n =42 4.7 (3.0-6.2),n = 39 <.0001*

SBP (mm Hg; mean, range) 156 (110, 211),n =31

Abbreviations: BCS, body condition score; SBP, systolic blood pressure.
“Indicates significant results.
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FIGURE 2 Body condition score (BCS) in dogs with (43 U-dogs)
and without (39 UF-dogs) CaOx lower urinary tract uroliths. Medians
with interquartile ranges are presented

Cl 1.45-19.99; P = .02) when all breeds are included. In all multivari-
able models, CH did not have a statistically significant association with
uroliths.

In U-dogs, median BCS was 5 (n = 37) and 6 (n = 6) in dogs with
monohydrate and dihydrate uroliths, respectively. Median SBP was
155 mm Hg in obese (BCS 27) and 160 mm Hg in nonobese (BCS < 7)
U-dogs (P = .83), and 156 and 158 mm Hg in overweight and non-
overweight U-dogs, respectively (P = .44). When U- and UF-dogs
were pooled together, median BCS was 5 for both male and female
dogs (P = .09). Proportion of obese males and obese females was not
significantly different in U-group (23% and 25%, respectively, P = 1).
Median urine pH was 6.25 in U-dogs (n = 42) and 6 in UF-dogs
(n = 39; P = .13). Median USG was significantly lower in U-dogs
(1.031, n = 41) than in UF-dogs (1.039, n = 39; P = .001).

4 | DISCUSSION

On univariate logistic regression when excluding Miniature Schnau-
zers, odds of having uroliths increased per unit of TG, glycemia and
BCS. In multivariable models, the effect of TG was retained when all

breeds were included for analysis and odds of having uroliths

P <.0001
I
7 - O
OOO
o C ¢
I 6 Saess
3 0 o5
€ (ORONO®) ax
3 (@
g 57 O <80
5 o
< O
6 44 @5
O
3 O
UF-dogs U-dogs
FIGURE 3 Glycemiain dogs with (42 U-dogs) and without

(39 UF-dogs) CaOx lower urinary tract uroliths. Medians with
interquartile ranges are presented

increased by a factor of 4.34 per mmol/L of TG (95% ClI
1.45-19.99; P = .02).

Dyslipidemia, characterized by the elevation of serum CH, TG,
and a low high-density lipoprotein, is associated with upper urinary
tract urolith risk, formation and recurrence in people.?#?¢ Hyper-
calciuria, hyperuricosuria, hyperoxalaturia and hypocitraturia are
documented in these patients and these anomalies predispose to uro-
lith formation.2> Hypercalciuria and hyperoxaluria occur in rat models
with HTG and HCH.**

In the present study, Miniature Schnauzer was the only breed
predisposed to primary hyperlipidemia in U-group.*>*¢ None of the
UF-breeds have been reported with primary hyperlipidemia.*>*¢
Serum TG concentrations were significantly higher in U-dogs than
UF-dogs, with and without Miniature Schnauzers, which suggests an
association between HTG and CaOx lower urinary tract urolith forma-
tion in dogs. The significant effect of TG was maintained in the univar-
iate model. However, in multivariable models, the significant effect of
TG occurred only when including Miniature Schnauzers. The decrease
in OR when excluding Miniature Schnauzers suggests that inclusion of
this breed was responsible for the strong association between CaOx
uroliths and TG. A larger sample of non-Miniature Schnauzer dogs is
needed to better discern the association between TG concentrations

and CaOx uroliths. Univariate and multivariate analyzes captured age
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TABLE 4 Univariate odds ratio (OR) of some components of ORMD in dogs with and without CaOx lower urinary tract uroliths, including or

excluding Miniature Schnauzers

Variables

TG (mmol/L)

CH (mmol/L)

pH

Age (months)

Urine specific gravity
BCS

Glycemia (mmol/L)

Sex (males vs females)

Abbreviations: BCS, body condition score; CH, serum total cholesterolemia; TG, serum triglyceridemia.

“Indicates significant results.

OR with Miniature Schnauzers [95% Cl]
(P-value)

4.52[1.87, 14.55] (.004%)

1.15 [0.88, 1.54] (.32)
1.34[0.92, 2.00] (.13)

1.018 [1.0057, 1.031] (.005%)
0.94 [0.90, 0.98] (.006%)

1.69 [1.097, 2.74] (.02%)
23.47 [7.09, 117.25] (<.0001%)
5.33 [2.23, 13.40] (.0002%)

OR without Miniature Schnauzers [95% Cl]
(P-value)

3.32[1.38, 11.12] (.027%)
1.13[0.84, 1.54] (.42)
1.33[0.89, 2.047] (.17)

1.017 [1.0038, 1.031] (.01%)
0.95[0.91, 0.99] (.02%)
2.43[1.45, 4.45] (.002%)
39.37[9.27, 293.22] (<.0001%)
8.75 [3.29, 25.51] (<.0001%)

TABLE 5 Multivariate odds ratio (OR) of TG and CH in dogs with and without CaOx lower urinary tract uroliths, including and excluding

Miniature Schnauzers

Variables
Adjusted for age and sex
TG (mmol/L)

Age (months)

Sex (males vs females)
CH (mmol/L)

Age (months)

Sex (males vs females)

Adjusted for age, sex, BCS and USG

TG (mmol/L)

Age (months)

Sex (males vs females)
BCS

UsG

CH (mmol/L)

Age (months)

Sex (males vs females)
BCS

USG

OR with Miniature Schnauzers [95% ClI]
(P-value)

3.23 [1.33, 12.08] (.04%)
(55 U-dogs and 39 UF-dogs)

1.013 [0.99, 1.03] (.095)
6.37 [2.34, 19.24] (.0005%)
1.11[0.79, 1.52] (.53)
1.018 [1.0025, 1.035] (.03%)
6.98 [2.39, 29.96] (.0007*)

4.34 [1.45, 19.99] (.02%)
(33 U-dogs and 39 UF-dogs)

1.011 [0.99, 1.031] (.25)
5.97 [1.70, 25.21] (.008*)
1.39 [0.77, 2.69] (.30)
0.93[0.87,0.98] (.008*)
0.90[0.57, 1.37] (.64)
1.022 [1.0031, 1.044] (.03%)
9.24 [2.30, 48.23] (.004*)
0.93[0.44, 1.91] (.85)
0.93[0.88, 0.99] (.02%)

OR without Miniature Schnauzers [95% Cl]
(P-value)

1.70(0.87, 7.25; .37)
(43 U-dogs and 39 UF-dogs)

1.018 [1.0016, 1.037] (.04%)
9.91 [3.30, 34.76] (.0001%)
1.12(0.74, 1.67; .57)

1.023 [1.0043, 1.044] (.02%)
20.18 [4.96, 118.01] (.0001*)

2.0049 [0.83, 12.76] (.39)
(27 U-dogs and 39 UF-dogs)

1.019 [0.99, 1.044] (.10)
13.71 [3.05, 90.03] (.002*)
1.91[0.95, 4.33] (.09)
0.92[0.85, 0.98] (.01%)
0.95[0.52, 1.64] (.86)
1.032 [1.0075, 1.066] (.02*)
39.27 [5.51, 571.5] (.001%)
1.61 [0.65, 4.27] (.31)
0.92[0.83, 0.99] (.04%)

Abbreviations: BCS, body condition score; CH, serum total cholesterolemia; TG, serum triglyceridemia; USG, urine specific gravity.

“Indicates significant results.

and sex distribution when TG concentrations were assessed (similar
weights were reported in U- and UF-groups, P = .07). Besides, serum
TG does not seem to be influenced by age and sex.*” There is statisti-
cal difference between male and female Miniature Schnauzers with
regards to the prevalence of hypertriglyceridemia.*® Although trends
in commercial dog food formulation can vary over time, TG concentra-
tions were measured after >12-hour food withholding, and several

diets do not influence triglyceridemia after food was withheld

higher in patients with nephrolithiasis

overnight.*” The effect of TG was maintained when excluding dogs
receiving urinary diets, whether Miniature Schnauzer were included
or excluded. In humans, serum TG concentrations are significantly

2249 and especially with

CaOx?2244? and uric acid nephrolithiasis.?**? High TG concentrations
are the most important trait of MetS associating with human
nephrolithiasis.® Urolith-free humans with HTG are significantly more

likely to have recurrence of uroliths with shorter urolith-free
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intervals.*”>* Urolith recurrence was not been evaluated in the pre-
sent study.

Serum CH concentrations were not significantly different
between U-dogs and UF-dogs. In humans, the association between
high CH and uroliths is unclear: both increased®? and decreased?%4°
serum CH concentrations are associated with all types of nephroliths.
Serum CH concentrations are significantly lower in patients with
CaOx nephrolithiasis and a negative association is identified between
high CH and CaOx nephrolithiasis.*’ In these studies, it has been
between HCH and CaOx
nephrolithiasis might differ based on ethnicity, geography, genetic

suggested that the association
background, and lifestyle.

The proportion of obese dogs (BCS 27) was significantly higher
for U-dogs than UF-dogs, as previously reported,*° but a similar pro-
portion of the subjects were overweight in the 2 groups. The signifi-
cant effect of BCS was retained on univariate models. However, the
effect of BCS was not retained in multivariable models, suggesting
that age, sex, or both, explained the significantly higher proportion of
obese dogs in U-group than UF-dogs. The Minnesota Urolith Center
reported that overweight dogs were 2.2 times as likely to have CaOx
uroliths, compared with dogs with an ideal body weight.>2 Conversely,
another study evaluating 452 dogs with CaOx uroliths at general care
veterinary hospitals did not show any significant difference between
proportion of thin, normal or overweight dogs.* Since UF-dogs
enrolled in the study were apparently healthy staff pets, the lower
incidence of obesity in this group could reflect a selection bias. Staff
members of a veterinary hospital might monitor their pets' weight
more closely. Similarly, staff members might not consider their obese
dogs to be healthy and thus not volunteer them for study inclusion.
However, when staff members shared their concerns regarding their
pets' weight at the time of the inclusion, the authors encouraged them
to enroll their dogs regardless of their body condition scores. In small
companion animals, because of species, breed and age variation, mea-
surement and subsequent diagnosis of obesity is complex.” The sub-
jective and semiquantitative BCS (1 to 9 points scale) used in the
study involved visual and tactile assessment characteristics correlating
with abdominal and subcutaneous fat.®1” BCS scale has a good corre-
lation with more accurate methods (chemical analysis, dual-energy
X-ray absorptiometry, total body water using D,0, bioelectrical
impedance),>®>> and agreement among experienced and inexperi-
enced operators is excellent when evaluating BCS using a 9 point
scoring scale, suggesting that the method is reliable even when used
without prior training.8 Besides, BCS charts were available in each
examination room, and all medical records were reassessed by an
ACVIM board-certified veterinarian. Although BCS measurement by
several attending veterinarians can be a source of bias, the latter is
considered negligeable. In large human epidemiologic studies, a larger

21,49,56,57

body size is associated with an increased occurrence and

risk®%587 of kidney uroliths, mainly composed of CaOx and uric
acid.34%%41 |n our study, the proportion of obese males and females

were similar in U-group, which contrasts with a previous study*315:62

in which obese females were significantly more likely to be affected

than obese males.”*®!® |n people, although studies report that

overweight women had an increased risk for urolith formation®® and
number of episodes of urolith formation,” other studies revealed that
overweight and obese men were more prone to urolith formation.*?
In our study, the median BCS was higher but not significantly in U-
dogs with CaOx dihydrate than monohydrate lower urinary tract uro-
liths. This correlates with human data where the significantly higher
BMI in people who form uroliths is more prominent with uric acid and
CaOx dihydrate uroliths than with monohydrate uroliths.?2

Although there is some evidence that obesity and dyslipidemia
increase the risk of uroliths, the exact pathogenesis underlying the
association between dyslipidemia and nephrolithiasis remains
unclear.*? In humans, obesity has been shown to significantly increase

34,63,64 d 34,63,64 4
»

urine excretion of oxalate,®® calcium, uric aci sodium,®

4

magnesium,64 creatinine,*  calcium phosphate,6

34,63

potassium,64
increase®® or decrease citrate excretion, and decrease fluid
intake.’* There is also a strong negative correlation between urine pH
and body weight,®>% BMI®>% or MetS** in patients with
nephrolithiasis. Obesity and MetS are also associated with insulin
resistance,®”®? that decreased the production and transport of
ammonia resulting in a low urine pH.227%7% A low urine pH caused by
an increase in the concentration of soluble nondissociated uric acid
precipitates to favor uric acid urolith formation.>®¢>7273 CaOx uro-
liths could form from uric acid-induced crystallization of calcium salts
by the process of heterogeneous nucleation.*”%3727477 However,
the latter highlights a potential relevant species difference between
humans and dogs. Whereas hyperuricosuria is a risk factor for CaOx
uroliths in humans,”® this mechanism seems unlikely in dogs since uric
acid is usually further metabolized to allantoin (a more soluble prod-
uct) by hepatic uricase.”® Insulin resistance is the most important fac-
tor of MetS and kidney urolith formation in humans.”® Dogs with
ORMD had a significantly higher serum calcium concentration in com-
parison with dogs without ORMD, which could promote CaOx urolith
formation.®” Given that only 1 U-dogs were diagnosed with ORMD in
the current study, comparison between serum calcium concentration
in dogs with and without ORMD was not possible.

In the light of the promising univariate OR of BCS and TG with
and without CaOx lower urinary tract uroliths, further studies should
be conducted to examine the effect of dietary and lifestyle interven-
tions as preventive modalities on recurrent urolith formation in hyper-
lipidemic dogs, as it is recommended in humans in which a high
consumption of simple carbohydrates or fat and a sedentary lifestyle
contribute to HTG.8° In dogs, obesity is associated with a higher num-
ber of meals?! high fat diets,'” snacks fed,*8! feeding of kitchen/
table scraps,81 fresh meat,®' and canine commercial treats.®! The
impact of weight loss is significant to the extent that it markedly
improves all aspects of MetS in overweight humans.®? Lifestyle
changes such as exercise and decrease in stressful events also play an
important role in decreasing HTG.” Exercise programs were rec-
ommended by the American Association of Clinical Endocrinologists
for overweight humans.838> For dogs, reduced daily exercise has
been associated with obesity.113148 |t has been postulated that
exercise could potentially improve insulin sensitivity, thus, increasing

urine pH and minimizing the risk of CaOx and uric acid urolith
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formation.?*3* The combination of diet and exercise have been found
to be significantly more effective than diet or exercise alone in the
prevention of kidney uroliths in people with MetS.8¢ A potential rela-
tionship between HTG and CaOx lower urinary tract uroliths in dogs
might lead to the evaluation of statin drugs to prevent formation and
recurrence of CaOx uroliths. In humans, besides diet restriction, sta-
tins are recommended as first-line drug therapy for HTG.2® Individuals
taking statin medications have significantly less urolith formation com-
pared to those not taking statins.?

Glycemia was significantly higher in dogs with CaOx lower urinary
tract uroliths and odds of having uroliths significantly increased per
unit of glucose in the univariate model. Unfortunately, ORs associated
with glycemia produced unreliable estimates as evidenced by the large
confidence intervals in the univariate model, and glycemia could
therefore not be considered in multivariate models. An association
between high blood glucose and nephrolithiasis exists in peo-
ple 30:50.58.59

Urine pH is not lower in overweight dogs.*® Evaluation of dogs
with a wider range of BCSs than that in the current study sample
might reveal an association between BCS and urine pH. Urine pH was
also not associated with the presence of CaOx lower urinary tract uro-
liths as previously reported.*® In humans, acidic urine is a risk factor
for CaOx crystalluria, and the risk for the development of CaOx
crystalluria is greatest when the urine pH is 4.5-5.557 |n dogs, normal
urine pH ranges from 5.0 to 8.0, and the risk of CaOx urolith forma-
tion might be less within that pH range as compared to lower pH
values.® All U-dogs in our study had a urine pH > 5.0, that is not sig-
nificantly different from UF-dogs. Our hypothesis is that as 44% of U-
dogs in our study were fed a urolith prevention diet at least 3 months
before presentation, this might explain the higher urine pH. Specific
gravity was significantly higher in UF-dogs and odds of having uroliths
significantly decreased per unit of USG. There is a negative associa-
tion between USG and the presence of CaOx uroliths.*® Increased
water consumption was commonly recommended by the referring
veterinarian when uroliths were diagnosed and urolith prevention
diets also increase water consumption, this might account for the sig-
nificantly lower USG in U-dogs.

On univariate logistic regression, our study suggests a link between
BCS, TG and glucose when excluding Miniature Schnauzers. Odds ratios
associated with glucose produced unreliable estimates, and glycemia
could therefore not be considered in the multivariate model. In multivari-
able models, the effect of BCS was not retained and the effect of TG
was retained when all breeds were included for analysis. The decrease in
OR when excluding Miniature Schnauzers suggests that inclusion of this
breed was responsible for the strong association between uroliths and
TG. A larger sample of non-Miniature Schnauzer dogs is needed to bet-
ter discern the association between TG concentrations and CaOx lower
urinary tract uroliths. Serum lipid screening in dogs diagnosed with CaOx
lower urinary tract uroliths might be recommended to improve their

medical staging and management.
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