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Abstract

The objective of the present study was to utilise an accurate canine pedometer methodology and to assess the relationship between

activity and body condition score (BCS) in dogs. Initial methodology validation used videography and pedometer step measurements

to assess actual steps taken in comparison with pedometer readings for twenty large, medium and small dogs. During the validation,

dogs considered to be medium or large breed showed no significant difference between pedometer readings and actual steps taken.

A total of seventy-seven obese and non-obese dogs over 35 cm (14 inches) shoulder height and over 10 kg were recruited from a dog

obesity clinic and a community sample to assess daily walking activity. Body condition scoring and pedometer steps were assessed on

three separate weeks during a 10-week period. During the activity monitoring, daily step counts ranged from 5555 to 39 970 steps/d

among the seventy-seven medium and large dogs. Dogs’ BCS were inversely correlated with average daily steps (Spearman’s

r ¼ 20·442, P ,0·0001). The present study identified a significant inverse correlation between daily walking steps and BCS over a

range from 4 to 9 out of 9 (P,0·0001).
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Canine obesity has increased greatly in recent years in parallel

to human obesity. While more than 60 % of humans in the

USA are currently considered overweight, nearly 40 % of

dogs seen by veterinarians in the USA are recognised as over-

weight(1,2). This prevalence raises concerns as obesity in dogs,

similar to that in humans, has been associated with insulin

resistance, osteoarthritis, various types of cancer(1,2) and shor-

tened life span(3). Recent studies have shown that even when

made aware of the detrimental effects of obesity, owner edu-

cation plays a minor role in obesity management(4–6). Weight

gain and resultant obesity are the result of an imbalance

between excessive energy consumed and inadequate energy

expenditure. Hence, increasing energy expenditure through

increased exercise should aid in correcting this imbalance.

However, the actual role of exercise in canine obesity has

not been well studied, therefore firm recommendations

regarding the amount of activity needed to combat this grow-

ing problem have eluded practitioners and academics alike.

Tools used to assess physical activity in canine and human

studies include the use of physical activity questionnaires,

and motion detection devices such as pedometers and accel-

erometers(7). Some studies in human subjects have suggested

that use of accelerometers may be preferable as they allow

determination of physical activity intensity(8). Yet this may

not be practical in canine populations as, currently, the cost

is high and units tend to be sensitive to both positional place-

ment and type of activity(9). Although pedometers give no

measure of activity intensity, they do provide an accurate,

reliable and inexpensive means of tracking walking volume

in human subjects(7,8). In addition, pedometers are highly

adaptable as reflected by their use in studies of various species

of animals including dogs, cattle, horses and turkeys(10–14).

A recent study has examined the use of pedometers in dogs

and found them to be an effective way of tracking walking

steps(12). While the methodology used had modest accuracy

across all dogs and the number of subjects was small, this
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group reported a negative correlation between average daily

steps and overall body condition score (BCS) over a range

of 5–7 out of a 9-point BCS range. Even with this limited

BCS scale, an important association between walking activity

and BCS suggests that physical activity may be significant in

maintaining appropriate body condition (BCS as used in this

text refers to a 9-point BCS system, as validated by Laflamme

and colleagues)(15,16).

The objectives of the present study were first to validate a

pedometer methodology for use in dogs over a wide range

of BCS and then to examine and compare physical activity

in normal, overweight and obese dogs.

Experimental design

All animals used for this study were client-owned, a consent

form was signed by the client before initiation of the study

protocol. Separate phases of the study included (1) validation

of the pedometer to measure activity in dogs and (2) a

10-week walking programme including the use of ped-

ometers. The protocol was approved by the Cornell University

Institutional Animal Care and Use Committee.

Validation of pedometer methodology

In the first stage of the study, twenty dogs of various sizes

were recruited from a companion animal clinic and fitted

with pedometer collars. All dogs were categorised as small

(,10 kg), medium (10–25 kg) and large (.25 kg). The collars

consisted of a pedometer (Accusplit AE120 with a Yamax

digiwalker, Accusplit, Livermore, CA, USA) suspended from

an elastic bungee cord (3/8 inches in diameter) using a

threaded eye screw attached to the top of pedometer units.

The eye screw was attached to the bungee cord collar using

a small zip-locking cable tie. This configuration allowed the

pedometer to hang in close to a vertical position and move

freely. In addition, an adjustable collar loop was formed

with the bungee cord by opposing each end using a larger

cable tie. This produced an apparatus, which could be easily

positioned for accuracy, as well as be easily put on and

taken off. It also did not appear to hinder or alter movement

of the dogs tested.

Validation of the accuracy and precision of the pedometer

forefoot step counts focused on the walk/trot gait, as this is

the most common gait for dogs in general, and especially

when they are walked on a leash. For this evaluation, the

dogs were walked and videotaped six times over a 25 m

distance. Accuracy of readings was determined by direct

comparison of the actual steps counted on videotapes and

pedometer readings.

Assessment of walking steps among obese and non-obese
dogs

In the second phase of the study, two groups of canine

subjects were recruited. The first group, the obesity clinic

sample, was recruited as part of an obesity reduction protocol

at the Cornell University Companion Animal Hospital in

Ithaca, NY, USA. Eligibility criteria for the clinic sample

included dogs ranging from 7 to 9 in BCS (assessed by a

single investigator) and a medium to large size, defined as

35 cm (14 inches) shoulder height or taller and over 10 kg

body weight, based on pedometer accuracy results in the

initial validation study. Pedometers were fitted by a single

investigator and the owners were instructed on how to use

the pedometers and given a set of written instructions. They

were also given a paper diary to note daily pedometer

measured steps during weeks 1, 6 and 10 of a 10-week

study period. Owners were instructed to be sure that their

dogs wore the pedometers on walks or anytime they were

physically active. All participants were advised against using

pedometers during any water-related activities (only five

dogs partook in regular water activities which were discontin-

ued during the 10-week trial). All dogs in the obesity clinic

sample were also provided a therapeutic weight reduction

food during the study (Purina Veterinary Dietsw OM Over-

weight Managementw canned and dry formulas, Nestle

Purina, St Louis, MO, USA). Dogs participating in the

weight-loss programme had energy restriction to achieve

approximately 2 % weight loss/week.

The second group of subjects, the community sample, was

recruited through the use of local newspaper and flyer advertis-

ing in a similar community in Upstate New York for a wellness

programme involving dog walking. Dogs of 35 cm (14 inches)

stature or larger and weighing more than 10 kg were again

used. The community study had the same 10-week time line

with daily steps recorded on weeks 1, 6 and 10. Owners were

instructed to not change their current walking behaviour.

They were asked to record their dogs’ step counts either using

a paper diary or a participant-specific, web-based step log.

Owners of all dogs completing the study in this group were

given coupons for 2 months supply of food (Nestle Purina)

and two general health examinations by a veterinarian.

Statistical analyses

Data from the paper or web-based step logs, as well as the

owner questionnaires, were loaded using standard worksheet

software. Data analyses were accomplished using STATA 10.0

(StataCorp LP, College Station, TX, USA) or GraphPad Prism

5.0 (Prism Software, La Jolla, CA, USA) software. All data

are expressed as means with their standard errors unless

otherwise indicated. Basic descriptive statistics, t tests (body

weight and BCS), Wilcoxon rank-sum tests (pedometer meth-

odology verification), x 2 analyses (effects of participant

characteristics) and Spearman’s correlation analyses (corre-

lation between BCS and average daily steps) were utilised as

appropriate to the analysis. A P value of 0·05 was used to

define statistical significance.

Results

Validation of pedometer methodology

Dogs included in the validation study ranged from 4·5 to 50 kg

with all dogs being within the BCS range of 5–7. Breeds
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represented are shown in Fig. 1(a). There was a wide range of

steps taken to cover a 25 m distance by the twenty small-,

medium- and large-sized dogs examined in the study. This

value ranged between 29 and 116 steps. Examination of the

percentage difference between actual and measured step

data revealed that, for five dogs, there was a considerable

underestimation of the number of steps taken (Fig. 1(a)).

Interestingly, all these dogs were under 35 cm at the shoulder

(14 inches) and weighed less than 10 kg and would be con-

sidered small. The average percentage difference between

actual and measured steps was: 26·2 (SEM 1·3) % for dogs of

all sizes; 221·0 (SEM 3·0) % for small dogs; 20·7 (SEM 1·7) %

for medium-sized dogs and 6·1 (SEM 1·3) % for large-sized

dogs. The mean difference for the medium- and large-sized

dogs used in this part of the study was 3·3 (SEM 1·2) %. In the

medium- and large-breed groups, no significant differences

between steps taken and pedometer readings were found.

Assessment of walking steps among obese and
non-obese dogs

Accordingly, the demographic characteristics of the dog par-

ticipants are presented in Table 1. Sex, age and reproductive

characteristics were found to have no influence on BCS or

activity level in either the obesity clinic group or the commu-

nity group of dogs, nor were there any significant differences
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Fig. 1. (a) Accuracy of pedometer design for dogs of different sizes. The pedometer readings were compared with the actual steps counted on videotapes by the

percentage difference between the two values, with their standard errors represented by vertical bars. Mean values were significantly different between pedometer

steps and actual steps for small dogs only (P,0·05). (b) Scatter plot of the relationship of baseline body condition score and average daily step values in medium

and large dogs. Analysis of these values revealed a significant negative non-parametric correlation (Spearman’s r ¼ 0·442, P value,0·0001).
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in sex, age or reproductive status between the two groups.

Examination of the relationship between dog walking and

baseline BCS was accomplished by pooling the data from

the clinic and community samples. Fig. 1(b) provides a scatter

plot that illustrates the relationship between the average

number of daily steps during the three measurement weeks

and baseline BCS. The data revealed a significant inverse

relationship between average daily steps and baseline BCS

(Spearman’s r ¼ 20·5197, P ,0·0001) such that higher daily

step counts were associated with lower BCS.

Discussion

The use of pedometers to assess walking activity in human

subjects has proven to be an accurate and effective method

to study physical activity(17). This success has generated inter-

est in the efficacy and use of pedometers for activity tracking

in a number of animal species, including dogs(10–14). The use

of pedometers for assessing physical activity in dogs has pre-

viously been reported by Chan et al.(12). They reported that

pedometers can be effectively used to determine daily walking

activity in dogs. In addition, this group examined a group of

twenty-six dogs and reported a negative correlation of walk-

ing steps with BCS over the range from 5 to 7 on a 9-point

BCS scale. However, their methodology using a light-weight

chain collar may not have been the best way to accurately uti-

lise pedometers for dogs. This technique is contrary to design

conditions for pedometer use in human subjects, which

emphasise that accuracy depends on the unit being level

in both the side to side and fore to aft planes(18). These are

orientations that would allow accurate vertical swinging of

the pedometer’s counting pendulum. The Chan group’s

methodology reported an overall error of about a 15 % differ-

ence between actual and counted steps for the walk/trot

gait in medium- and large-breed dogs. Using an accurately

lengthened bungee cord mounting technique, much greater

accuracy was achieved for medium to large dogs, a percentage

difference of 3·3 (SEM 1·2). This methodology is not without its

limitations as the accuracy in small dogs is much less (percen-

tage difference 221·0 (SEM 3)). However, it should be noted

that omitting an outlying value for a dachshund produced

accuracy values similar to those reported by Chan et al.

We speculate that the rapid pace and/or inability to generate

a forceful enough forefoot strike to cause the pendulum to

move were likely contributors to the lack of accuracy.

An important application of the present study was the

development of an intervention plan based on dog walking

as a means of preventing canine obesity, therefore it was

essential to examine a full range of dogs with BCS from 5 to

9. This led to enrolment of dogs from both a weight-loss

programme as well as a community-based dog-walking pro-

ject. Recruitment and pooling of these two groups was essen-

tial to allow enrolment of a sufficient number of dogs with

high BCS. Table 1 demonstrates that it was appropriate as

the resulting pool differs from the community group in

weight and BCS, but differs little in the age and percentage

of male/female or reproductive characteristics. Interestingly,

the overall steps taken from week 1 to 10 did not differ

during weight loss in the obesity clinic group, suggesting

that owner physical activity and daily regimen are major

influences in dog activity patterns.

Table 1. Characteristics of dog participants from the obesity clinic and community groups

(Mean values, standard errors, number of participants and percentages)

Dog participant characteristics
Obesity clinic group Community group Total

n % Mean SEM n % Mean SEM n % Mean SEM

Sex (n)
Male, neutered 10 26·3 21 53·8 31 45·2
Male, unneutered 1 2·6 1 2·6 2 4·3
Female, neutered 27 71·1 17 43·6 44 49·5
Female, unneutered 0 0 0 0

Weight (kg)
Week 1 weight 42·6 2·8 30·6 1·2 NA
Week 10 weight 36·6 2·5 30·2 1·1 NA

Age (years) 6·1 0·7 5·3 0·4 NA
BCS categories

4 0 4 10·3 4 5·2
5 0 10 25·6 10 13·0
6 0 16 41·0 16 20·8
7 13 34·2 7 18·0 20 26·0
8 13 34·2 2 5·1 15 19·5
9 12 31·6 0 12 15·6
Week 1 BCS 8·0 0·1 5·8 0·2 NA
Week 10 BCS 6·8 0·2 5·8 0·2 NA

Mean daily step total
Week 1 7242 599 11 613 708 9197 798
Week 6 6912 614 11 863 691 9204 789
Week 10 7031 607 11 999 717 9328 802
Total (3 weeks) 7068 355 11 823 404 9260 426

NA, not applicable; BCS, body condition score.
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A major limitation of the present study is its observational

nature, which does not permit causal discrimination. While

the association between BCS and average daily step number

is important, it is not possible from the present study to deter-

mine whether a lack of physical activity leads to obesity or

whether obesity leads to less physical activity. Additionally,

the dogs did not wear their pedometers at all times and

indoor activity patterns were not recorded, as well as owner

compliance regarding the use of pedometers was not

assessed. Yet, overall, the present study was able to devise

an accurate procedure for measuring walking steps in

medium- and large-sized dogs. It also demonstrated a statisti-

cally significant negative correlation between mean daily

walking steps and BCS, such that dogs that walked more

steps had more favourable BCS. This correlation occurred

over a wide range of BCS and suggests that walking may be

a tool to help control obesity in dogs, and that walking beha-

viours appeared consistent across the weeks examined in each

population(19). Further examination of how to effectively

implement dog-walking programmes and the effects of

increased activity on canine obesity is warranted in light of

our findings, and the increasing epidemic of obesity in our

canine companions.
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