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High sodium diets have been shown to enhance water intake and urine output,
a potential benefit in the management of lower urinary tract diseases. However,
one study suggested that high salt (sodium chloride) diets might have adverse
effects on the kidneys [Kirk CA, Jewell DE, Lowry SR. Effects of sodium chloride
on selected parameters in cats. Vet Ther 2006; 7: 333e46]. Therefore, the objective
of this controlled, prospective study was to evaluate the effects of diets with
different salt content (1.11% sodium and 1.78% chloride versus 0.55% sodium
and 1.02% chloride, dry matter (dm)) when fed to mature cats (mean age 7.0
years; 12 cats per group) over a 6-month period. Food intake, body weight, bone
mineral content, total body hydration status, blood pressure, and markers of
renal function were unaffected by salt intake, and no adverse effects were
observed. When a subset of cats (n¼ 9) with an initial serum creatinine
�1.6 mg/dl was evaluated separately, there remained no evidence of adverse
effects associated with increased salt intake. These results are consistent with the
majority of other studies evaluating sodium intake in cats, as well as with the
National Research Council’s assessment, all of which indicate that sodium at
1.5% of the diet dm is not harmful to healthy cats.
Date accepted: 1 October 2008 � 2008 ESFM and AAFP. Published by Elsevier Ltd. All rights reserved.
L
ower urinary tract diseases (LUTDs) are con-
sidered to be common in cats.2,3 While there
are many types and causes of LUTDs, urethral

obstruction, urolithiasis, and idiopathic cystitis are the
three most commonly recognized forms of LUTDs in
cats.4,5 The underlying causes are unknown, so man-
agement of these conditions remains symptomatic.
One aspect of the long-term management of these con-
ditions is common for all three e a recommendation
to increase water intake so as to increase urine vol-
ume. The principal is to dilute out calculogenic or in-
flammatory substances, and promote their excretion.
In vitro and clinical studies in human stone formers
have confirmed the importance of increased water in-
take, urine volume and urine dilution on the preven-
tion of stone recurrence.6,7

Canned foods are frequently recommended as
a means to increase water intake in cats. In one study,
cats with a history of recurrent LUTD that were fed
a canned therapeutic diet had a greater decrease in re-
currence rate, compared to similar cats fed a dry ther-
apeutic diet.8 Most canned foods contain between 70
and 82% water. Normally, cats consuming dry foods
othy.laflamme@rdmo.
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will drink more water than cats consuming canned
foods, but total water intake can be greater in cats
fed canned foods.9,10

Some cats will not eat canned foods, or their owners
prefer not to feed canned foods. Thus, increased water
intake must be approached from other means. Several
studies have shown that increasing dietary salt (NaCl)
can increase water intake and urine volume, and de-
crease urine specific gravity,1,11e13 all which may be
beneficial in cats with LUTDs.

Therapeutic diets intended for patients with LUTDs
are available that leverage the effect of NaCl on fluid
throughput. However, the safety of such products has
been called into question, with the suggestion that in-
creased sodium intake could increase blood pressure
and aggravate kidney disease in cats.1 Chronic kidney
disease (CKD) is a common condition among middle-
aged and older cats.14,15 It has also been suggested
that increased dietary sodium results in hypercalciu-
ria and increased risk for calcium oxalate nephroliths
and urocystoliths.16e18

Under certain conditions, high salt diets can lead to
hypertension and renal dysfunction. In salt-sensitive
rats, for example, feeding diets containing 8.0% salt
(dry matter (dm)) induced both hypertension and pro-
nounced renal lesions.19 In dogs with CKD deprived
nd AAFP. Published by Elsevier Ltd. All rights reserved.
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Table 1. Nutrient composition of diets

CON* NaCly

%
dm

g/100
Kcal MEz

%
dm

g/100
Kcal ME

Protein 45.73 11.88 46.01 12.08
Fat 13.92 3.62 13.88 3.64
Carbohydrate 30.41 7.90 29.20 7.67
Crude fiber 2.11 0.55 2.01 0.53
Calcium 1.54 0.40 1.48 0.39
Phosphorus 1.36 0.35 1.33 0.35
Sodium 0.55 0.14 1.11 0.29
Chloride 1.02 0.26 1.78 0.47
Potassium 0.68 0.18 0.67 0.18
Metabolizable energy
(Kcal/g), calculated

3.85 25.97 3.81 26.25

*CON¼ control diet.
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of drinking water and provided with only normal sa-
line to drink, the saline apparently increased systemic
blood pressure and increased renal lesions.20 How-
ever, this may have been an example of water-depri-
vation toxicosis rather than an effect of salt per se.

Given the potential concern regarding high sodium
diets, the objective of this study was to assess the ef-
fects of feeding a high salt (1.11% sodium and 1.78%
chloride, dm) diet to cats over a 6-month period.
The study tested the hypothesis that dietary sodium
would not alter blood pressure, markers of renal func-
tion, bone mineral content (BMC), or urinary calcium
concentration in healthy adult cats. High sodium diets
are not currently recommended for cats diagnosed
with CKD. However, as it has been suggested that
older cats might have clinically silent, or undiag-
nosed, CKD that might be affected by high sodium di-
ets, we chose to conduct this study with a population
of mature cats (mean age 7.0 years).
yNaCl¼ test diet with increased sodium and chloride.
zME¼metabolizable energy.
Methods

Animals

Twenty-four healthy adult domestic shorthair cats
(mean age 7.0� 1.2 years) were selected and allocated
to two groups equally matched for gender, age, and
body weight. Groups were randomly assigned to
receive either the control diet or a high sodium diet.
Water was available at all times. Cats were housed
in an indoor facility with a 12 h light/dark cycle.
Housing and access to environmentally enriched
activity rooms were equivalent for both groups.

Diets

All cats were fed the control diet during a 2-week ad-
aptation period prior to the start of the 6-month study.
Following baseline evaluations, cats were fed either
the control diet (CON) or a high sodium (NaCl) diet
as their sole source of nutrition. The diets were formu-
lated to be as similar to one another as possible except
for their sodium and chloride content (Table 1). Food
was provided daily in sufficient quantities to maintain
body weight, and was available for approximately
16 h daily except when cats were fasted overnight
prior to blood sampling or anesthesia.

Experimental design

The study protocol was approved by, and all proce-
dures were performed in accordance with the Nestlé
Purina Pet Care Animal Care and Use Committee
Guidelines. Baseline evaluations included complete
physical examination with body weight and body
condition score (BCS),21 serum biochemical profile,
hematology, urinalysis, and indirect systolic blood
pressure (SBP). Dual-energy X-ray absorptiometry
(DEXA) was used to measure body composition, in-
cluding BMC as a marker of potential calcium loss,
and lean body mass (LBM) as an indicator of water re-
tention.22 Food intake was measured daily, while body
weight was recorded weekly. Serum biochemistry, he-
matology, clinical urinalysis, and DEXA were repeated
after 3 and 6 months. Blood pressure was recorded
monthly.

Prior to DEXA analysis, cats were fasted overnight.
Cats were sedated or anesthetized in order to prevent
movement during the scan. Cats were scanned in
standard sternal recumbency, using a LUNAR Prod-
igy Model 8743 with enCore 2003 software (Lunar
Corp, Madison, WI).

Blood pressure was measured on the left foreleg us-
ing a Doppler blood pressure unit (Hadeco; Jorgensen
Labs), with an 8 MHz transducer and a 2.5 cm cuff.
The cuff size was selected to assure that the width
would be between 30 and 40% of the forearm circumfer-
ence of all cats in the study. Cats were held in a sternal
position with the leg kept at the level of the heart. To re-
duce stress, measures were taken with minimal re-
straint in a quiet environment. For each cat at each
sampling period, the arithmetic mean values were de-
termined by taking 3e5 measurements of SBP exclud-
ing any values that deviated by 10 mm Hg or more. If
any cat appeared to become stressed during the proce-
dure, the process was stopped, and repeated at another
time. Only SBP was recorded as systolic hypertension is
most commonly linked with organ damage, and be-
cause diastolic measurements are considered unreli-
able when assessed using a Doppler method.23e27

Statistical methods

Data were plotted and the resulting histogram visu-
ally evaluated to confirm normal distribution. Among
parameters evaluated, only serum creatinine was not
normally distributed. Creatinine data were log
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transformed (natural log) to stabilize the variance be-
fore the statistical analysis. The data were then ana-
lyzed with a mixed analysis of variance (ANOVA)
model appropriate for a repeated measures experi-
ment to detect effects of treatment and time, as well
as interactions. In order to detect differences among
a subset of cats with initially high serum creatinine,
a separate two-factor, repeated measures ANOVA
was used. Differences were considered significant at
P< 0.05. Data are presented as means with standard
error of the mean (SEM).
Results
All cats completed the 6-month study. Dietary sodium
had no impact on average food intake (40.8 versus
39.4 Kcal/kg body weight for CON and NaCl, respec-
tively). Body weight and body condition remained
stable over the 6-month period. Likewise, body com-
position measured by DEXA, including BMC and
LBM, a marker of water retention, were unchanged
and unaffected by diet over the 6-month period (Table 2).
SBP varied by month (P< 0.05), but was unaffected by
dietary treatment (Table 3).

Significant differences by diet group were observed
for serum cholesterol, triglycerides and albumin, which
were significantly higher in NaCl cats. A time by diet
interaction was observed for several blood values so
that they differed between groups at individual time
points only (Table 4). The change from baseline differed
significantly between diets only for cholesterol at 3
months and creatinine at both 3 and 6 months.

Urinary sodium and chloride were significantly
higher while urine protein was lower in NaCl cats at
the 3-month time period (Table 5). Urine calcium, ox-
alate, and citrate concentrations were unaffected by
diet. The urine protein to creatinine (UPC) ratio did
not differ significantly by diet.

In order to more carefully evaluate the effect that diet
might have on cats that may have subclinical kidney
disease, the data were evaluated retrospectively to iden-
tify cats that had an initial serum creatinine above the
upper limit of the reference range. Nine cats were
Table 2. Effects of diets differing in dietary sodium a

0 Months

CON* NaCly CON

Body weight (kg) 6.80 7.04 6.6
Fat (g) 1844.1 2028.0 1778.6
Fat (%) 30.21 31.93 29.2
Lean (g) 4201.25 4271.75 4214.9
Lean (%) 68.25 66.50 69.1
BMC (g)z 147.58 146.92 147.9

*CON¼ cats (n¼ 12) fed the control diet.
yNaCl¼ cats (n¼ 12) fed the test diet with increased sodi
zBMC¼ bone mineral content.
identified that had an initial serum creatinine of
1.6 mg/dl or greater, including four CON cats and
five NaCl cats. Key renal parameters28 from these nine
cats are shown in Table 6. No significant differences
by diet group were detected although mean UPC
increased (P¼ 0.011) over time in this group of cats.
Discussion
In this study of middle-aged and older cats, dietary
NaCl (sodium 1.1% dm or 29 mg/100 Kcal) had no
detectable effects on blood pressure or renal func-
tion. Total body water (TBW) also appeared to be
unaffected by sodium in this study. Sodium is the
principal cation of extracellular fluid and a major
determinant of plasma osmolality. An acute in-
crease in sodium increases plasma osmolality and
initiates a chain of events resulting in increased
water intake and sodium excretion. Short-term
studies have shown that TBW increases perceptibly
when sodium intake is increased over a low so-
dium intake.29e31 However, adaptation to altered
sodium intake takes some time, and no prior pub-
lications have reported the effect of chronic sodium
intake on TBW among animals with free access to
drinking water. In the current study, DEXA was
used as an indirect measure of increased TBW.
Measurement of LBM using DEXA is sensitive to
changes in TBW as nearly all TBW is present in
the LBM.22,32 Therefore, an accumulation of TBW
secondary to sodium load will lead to an erroneous
increase in measured LBM. Such effects were not
observed in the current study as LBM, hence
TBW, remained nearly constant during the 6-month
study regardless of dietary sodium intake.

The lack of adverse effects noted in this study is
similar to most other studies in healthy dogs and
cats, and those with CKD, wherein diets containing
up to 3% NaCl had no adverse effects on blood pres-
sure or kidney function, so long as sufficient water in-
take was allowed.30,33e38 An epidemiologic study also
supports the safety of dietary sodium. Rather than
a risk factor, increased dietary sodium was identified
nd chloride on body composition of cats

3 Months 6 Months SEM

NaCl CON NaCl

4 6.94 6.58 6.91 0.43
1991.3 1774.8 2052.6 176.4

8 31.54 29.66 32.60 1.56
2 4294.75 4142.75 4223.42 277.85
7 67.08 69.67 65.92 1.50
2 147.25 142.33 145.67 11.84

um and chloride.



Table 3. Effects of diets differing in dietary so-
dium and chloride on SBP (Systolic blood pres-
sure) in cats

Month mm Hg

CON* NaCly

0 146 138
1 141 134
2 154 150
3 138 138
4 145 138
5 145 147
6 139 128
SEM 6.1

*CON¼ cats (n¼ 12) fed the control diet.
yNaCl¼ cats (n¼ 12) fed the test diet with increased
sodium and chloride.
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as a protective factor against the development of CKD
in cats.39

To date, only one study in cats reported adverse re-
nal effects from dietary NaCl.1 Six cats with CKD, as
well as 30 healthy cats, were enrolled into that study.
The authors reported a number of changes associated
with an increase in NaCl intake, including an increase
in urinary calcium excretion, serum creatinine, serum
urea nitrogen and serum phosphorus. Why this one
Table 4. Effects of diets differing in dietary sodium a

0 Month

CON* NaCly C

ALT (U/l) 27.2 26.9
SAP (U/l) 27.4 25.4
Albuminz (g/dl) 3.3 3.5
Total protein (g/dl) 7.6 7.4
Urea nitrogen (mg/dl) 26.8 27.8
Creatinine (mg/dl) 1.5 1.6
Glucose (g/dl) 74.4 77.8
Cholesterolz (mg/dl) 133.4 153.0 1
Triglyceridesz (mg/dl) 63.0 98.3x
Calcium (mg/dl) 9.4 9.7
Phosphorus (mg/dl) 4.7 4.7
Sodium (mmol/l) 151.0 151.9 1
Chloride (mmol/l) 115.7 116.8 1
Potassium (mmol/l) 4.6 4.8
Hematocrit (%) 46.6 45.8
MCV (fl) 52.8 52.8

ALT¼alanine transaminase, SAP¼ serum alkaline phosp
*CON¼ cats (n¼ 12) fed the control diet.
yNaCl¼ cats (n¼ 12) fed the test diet with increased sodi
zTreatment means differed significantly independent of ti
xWithin time period, P< 0.05.
kWithin time period, P< 0.10.
study differed from all others is not clear. While the
diets used in that study were similar in sodium and
chloride to the diets used in the current study, protein,
fat, calcium and other nutrients differed. It is unclear
at this time if any of those dietary differences could
have contributed to the different outcomes reported
in these two studies.

In order to more directly compare the data from the
current study with data from that prior study, all cats
in the current study with initial serum creatinine con-
centrations of 1.6 mg/dl and above were identified
and their data evaluated separately. Unlike the prior
study, the cats in this study showed no adverse effects
attributable to dietary NaCl.

Another concern associated with increased so-
dium intake is hypercalciuria or increased calcium
excretion.16e18 In humans, increased sodium intake
can increase urinary calcium, which could contrib-
ute to osteoporosis, as well as to calcium oxalate
urolithiasis. In this study, the NaCl diet had no ef-
fect on urinary calcium concentration or on BMC.
These results are consistent with other studies in
both cats and dogs showing that increased dietary
sodium not only does not increase urinary calcium
concentration, but also it reduces the relative
supersaturation of calcium oxalate.12,40e42 Further,
epidemiological data suggest that higher sodium
intake is a protective factor against calcium oxalate
urolithiasis in cats and dogs.43e46
nd chloride on key blood values

3 Months 6 Months SEM

ON NaCl CON NaCl

49.2 47.1 48.0 44.4 2.4
30.4 26.0 33.6 29.1 2.4

3.3 3.6x 3.3 3.5x 0.1
7.8 7.6 7.6 7.7 0.2

25.9 25.3 28.4 28.6 1.7
1.6 1.5 1.7 1.6 0.1

77.3 76.0 99.5 100.1 5.0
30.6 176.5x 121.0 139.8 8.6
50.7 74.1x 50.4 70.5k 7.5
9.8 10.1k 9.7 10.1k 0.2
4.6 4.8 4.5 4.7 0.2

49.7 149.4 153.0 153.6 1.1
15.3 114.2 120.4 119.6 0.9

4.5 4.7 4.7 4.8 0.1
50.0 48.8 50.9 55.3k 1.7
53.4 55.0 53.8 54.7 0.9

hatase, MCV¼mean corpuscular volume.

um and chloride.
me, P< 0.05.



Table 5. Effects of diets differing in dietary sodium and chloride on urinary minerals, protein and creat-
inine concentrations

0 Month 3 Months 6 Months SEM

CON* NaCly CON NaCl CON NaCl

Sodiumz 149.74 152.76 147.17 320.67k 139.44 140.29 13.52
Chloridez 149.14 156.90 173.38 295.79k 151.94 170.81 9.56
Potassiumz 143.13 145.88 117.74 116.67 100.37 114.67 8.04
Calciumz 0.37 0.44 1.87 1.76 0.50 0.38 0.11
Magnesiumz 1.90 1.85 2.15 2.72 1.64 2.21 0.22
Citratez 0.52 0.53 0.42 0.60 0.44 0.59 0.14
Oxalatez 1.80 1.35 2.07 1.61 1.85 1.90 0.21
Specific gravity 1.049 1.053 1.048 1.047 1.046 1.050 0.003
Creatininex 200.91 218.34 187.73 159.19 197.23 214.36 15.24
Proteinx 27.26 19.92 36.46 23.18k 38.99 33.34 4.40
UPC 0.138 0.089 0.190 0.140 0.198 0.157{ 0.018

*CON¼ cats (n¼ 12) fed the control diet.
yNaCl¼ cats (n¼ 12) fed the test diet with increased sodium and chloride.
zUnits are mmol/l.
xUnits are mg/dl.
kWithin time period, P< 0.05.
{Within time period, P< 0.10.
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In summary, this study showed that healthy ma-
ture cats demonstrated no adverse effects when fed
a nutritionally complete and balanced diet contain-
ing 29 mg Na/100 Kcal over a 6-month period.
These findings are in agreement with most prior
research, as well as with the newest nutritional
guidelines for cats published by the National Re-
search Council (NRC).47 According to the NRC,
the safe upper limit (defined as the highest amount
known to be safe) for sodium intake in healthy cats
is greater than 1.5% of the diet dm, as no adverse
effects due to sodium have been demonstrated.47
Table 6. Effects of diets differing in dietary sodium an
serum creatinine greater than 1.5 mg/dl

Parameter Diet group

Serum creatinine CON*
NaCly

Serum urea nitrogen CON
NaCl

Serum phosphorus CON
NaCl

UPC ratioz CON
NaCl

*CON¼ cats (n¼ 4) with an initial serum creatinine great
yNaCl¼ cats (n¼ 5) with an initial serum creatinine greate
and chloride.
zAcross treatment groups, final means differ from initial v
The impact of dietary sodium in cats with CKD re-
mains controversial, yet the great majority of data
indicates no adverse effects even in cats with
CKD. Veterinarians who prescribe diets containing
increased sodium content to cats suspected to
have CKD, heart disease, or other conditions for
which sodium restriction has historically been rec-
ommended should re-evaluate those patients regu-
larly to assure that the desired effect has been
achieved. This advice applies for all patients with
chronic conditions, regardless of the therapy
recommended.
d chloride on renal parameters in cats with baseline

Mean, initial Mean, final SEM

1.68 1.75 0.06
1.82 1.76 0.05

27.73 28.25 1.24
31.98 32.42 1.11

4.20 4.38 0.19
4.80 4.46 0.17

0.09 0.18 0.02
0.09 0.15 0.02

er than 1.5 mg/dl fed the control diet.
r than 1.5 mg/dl fed the test diet with increased sodium

alue, I¼ 0.011, UPC¼ urine protein to creatinine.
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