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Dog Ownership during Pregnancy, Maternal Activity,
and Obesity: A Cross-Sectional Study
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Alexander J. German®, Sandra McCune’, Susan Dawson'
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Abstract

The Avon Longitudinal Study of Parents and Children (ALSPAC) is an observational study of 14273 UK pregnant singleton
mothers in 1990/1991. We examined outcomes of self report of strenuous activity (hours per week) at 18 and 32 weeks of
gestation, hours spent in leisure-time physical activities and types, and pre-pregnancy body mass index (BMI); overweight
status was defined as pre-pregnancy BMI=25 and obesity BMI=30. Pet ownership and activity data were reported for
11,466 mothers. Twenty-five percent of mothers owned at least one dog. There was a positive relationship between
participation in activity at least once a week and dog ownership (at 18 weeks, Odds ratio 1.27, 95% confidence interval 1.11-
1.44, P<<0.001). Dog owners were 50% more likely to achieve the recommended 3 hours activity per week, equivalent to
30 minutes per day, most days of the week (1.53, 1.35-1.72, P<<0.001). Dog owners were also more likely to participate in
brisk walking activity than those who did not have a dog (compared to no brisk walking 2-6 hrs per week 1.43, 1.23 to 1.67,
P<0.001; 7+ hrs per week 1.80, 1.43 to 2.27, P<<0.001). However, no association was found with any other types of activities
and there was no association between dog ownership and weight status. During the time period studied, pregnant women
who had dogs were more active, through walking, than those who did not own dogs. As walking is a low-risk exercise,
participation of pregnant women in dog walking activities may be a useful context to investigate as part of a broader
strategy to improve activity levels in pregnant women.
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implications for future obesity in the child; parental obesity pre-
pregnancy has been shown to be a risk factor for rapid weight gain
from 3-5 years [5], and obesity at 7 years [6].

The most successful interventions to tackle maternal obesity

Introduction

Maternal obesity before and during pregnancy has adverse
outcomes for both mother and child. There is evidence that women

may be unaware of these effects and that weight management
information and advice from professionals is not always received or
assimilated [1]. This has led to recent direction for clinicians to
advise pregnant women to manage their weight and exercise [2] and
the development of new guidelines in the UK [3].

Pre-pregnancy BMI is a major determinant of pregnancy
outcome, with maternal obesity associated linearly with higher risk
of many complications [4]. High gestational weight gain by the
mother during pregnancy can be associated with adverse
pregnancy outcomes and can lead to post-partum weight
retention, which may have further repercussions for following
pregnancies [4]. Weight status during pregnancy may also have
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would be to prevent the development of obesity before the
reproductive years, but this is proving difficult given the upward
trend in general obesity, including adolescent girls [4]. Since
obesity is caused by an imbalance between energy intake and
energy expenditure, lifestyle interventions including increased
physical activity are popular treatment strategies in non-pregnant
individuals. However, in pregnant individuals dietary energy
restriction may be more risky to the foetus than mild to moderate
exercise [3].

Generally recommended exercises during pregnancy (in the
absence of complications) include walking, hiking, jogging/
running, aerobic dance, swimming, cycling, rowing, cross-country
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skiing and dancing; many women use walking as their primary
means of exercise during pregnancy [7]. To date, no studies have
reported adverse effects of exercise during pregnancy on the
preterm births after 18 weeks of gestation and the preterm risks
seem to be limited to high impact exercise [8]. Indeed, some
studies of recreational physical activity during pregnancy have
shown a reduced risk of pre-term birth, but this may partly be due
to confounding with social circumstances that favour positive
health behaviours and promote physical activity [9]. Exercise
during pregnancy may reduce insulin resistance [10], thus
potentially reducing foetus adiposity and birth weight, in particular
in large for gestation-age infants [4].The risk of gestational
diabetes may also be reduced by physical activity prior to and
during pregnancy [11].

Previous studies into companion animal ownership provide
evidence that pets may confer both physiological and psycholog-
ical health benefits [12,13,14,15,16]. Physical inactivity is one of
the top 10 causes of death and disability in the developed world,
due to its effects on conditions such as heart disease, cancers,
diabetes, obesity, strokes and hypertension [17]. Dog ownership
and dog walking are associated with higher physical activity levels
[18,19,20,21,22,23,24,25] and, after adjusting for confounders,
dog owners are reported to be 57% more likely to achieve the
recommended level of physical activity than non-owners [19].
Some suggest that dog walking is also associated with decreased
weight status [25]. However, studies from the UK are limited, and
pet ownership specifically in relation to the health of pregnant
women and their unborn children, has not been examined.

This study aimed to examine whether pregnant women who
owned dogs were more active, particularly through walking, than
those pregnant women without pets. The study also assessed
whether pregnant women with dogs, were more or less likely to be
obese than those without dogs. We hypothesized that those
pregnant women who owned dogs would be more active, and have
lower weight status.

Methods

Selection and description of participants

ALSPAC is a prospective cohort study that has been described
in detail elsewhere [26] and on the study website (http://www.
bristol.ac.uk/alspac/). In brief, 14 541 pregnant women were
recruited, all of whom were resident in Avon, UK, with expected
dates of delivery Ist April 1991 to 31st December 1992. Of the
initial 14,541 pregnancies, all but 69 had a known birth outcome.
Of these 14,472 pregnancies, 195 were twin, three were triplet and
one was a quadruplet pregnancy, meaning that there were 14,676
foetuses in the initial ALSPAC sample; 14,062 were live births and
13,988 were alive at 1 year. The twin, triplet and quadruplet
children were omitted for this paper, so that the final available
dataset comprised 14,273 pregnant mothers of singletons. The
majority of mothers were enrolled during pregnancy (from 3 to 41
weeks), and 3% were enrolled after delivery.

Data collected

ALSPAC has collected data from pregnancy onwards using
postal questionnaires, hands-on clinic assessments, biological
samples, linkage to routine information, abstraction from medical
records and environmental monitoring. Ethical approval for the
study was obtained from the ALSPAC Law and Ethics Committee
and the Local Research Ethics Committees. Written informed
consent was received from all participants.

Maternal activity during pregnancy in this cohort has been
described previously [27]. Briefly, at 18 and 32 weeks gestation
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women were asked whether, at least once a week, they engaged in
any regular activity like brisk walking, gardening, housework,
jogging, cycling etc, ‘long enough to work up a sweat’. The mother
was also asked to indicate the number of hours per week spent in
such activity. Women were also asked how long they participated
in a variety of activities, including jogging, aerobics, antenatal
classes, ‘keep fit’ exercises, yoga, squash, tennis/badminton,
swimming, brisk walking, weight training, cycling, and other
exercise. Options for response were =7 hours, 2-6 hours,
<1 hour, or never. Pre-pregnancy BMI of the mother calculated
from self-reported height and weight, was used to estimate weight
status during pregnancy as few women would be expected to lose
weight during pregnancy [28].

Immediately after enrolment in the cohort during pregnancy,
the mother was asked ‘do you have any pets?” and ‘how many of
the following pets do you have?’ Pet types prompted included cats,
dogs, rabbits, rodents (mice, hamster, gerbil etc), birds (budgerigar,
parrot etc) and ‘other’ pets. Pet ownership data have been
previously reported [29]. Women who did not indicate that they
had had a pet during pregnancy were coded no pets’ and ‘0’ for
each pet type.

Data on potential confounding variables were also collected.
Socio-demographic factors, such as maternal younger age, not
having children and higher levels of education, are known to be
associated with higher levels of active living and exercise in women
[30]. Similar factors arc found to be associated with maternal
activity during pregnancy and just prior to pregnancy [31,32],
including in this dataset [27]. A number of factors are also known
to be associated with owners of different pet types in this cohort,
including age, social class, education, house type, presence of
children, number of people in household and previous history of
pet ownership, as previously described [29]. Thus, the factors:
maternal education, maternal social class, mother worked during
pregnancy, maternal age at delivery, number of people in
household, previous living children, house type and whether the
pregnant woman had pets as a child, were considered as
confounding variables.

Statistical analyses

Given that the duration of strenuous physical activity was
reported in hours rather than minutes, we chose a cut-off point
(=3 hours per week) to dichotomize women into two groups. The
cut-off point was used to approximate the recommended level of
exercise at moderate intensity for 30 minutes or more a day for
most days of the week [3], although the ALSPAC question
includes vigorous physical activities. Weight status was defined as
normal weight (BMI<25), overweight (BMI: 25-29.9), and obese
(BMI=30). Two binary variables were created: normal compared
to overweight or obese, and normal compared to obese.

Chi-squared tests and binary or multinominal logistic regression
analyses (univariable and multivariable) were used to compare
owners and non-owners of different pet types in respect to
outcomes of: participates in activity at least once per week
(compared to not); equal to or greater than 3 hours of activity a
week (compared to less than 3 hours per week); and hours of
participation in numerous activity types (never, less than one hour
per week, 2-6 hours per week, more than 7 hours per week).
Analyses also compared owners and non-owners of different pet
types in respect to overweight or obese compared to normal weight
(presented); obese compared to normal weight (presented), and
obese compared to normal or overweight (not presented but had
very similar findings). Confounders were adjusted for in multivar-
iable regression analyses. Participants with missing data for
relevant variables were excluded from that analysis. Subgroup
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analyses were used to investigate the three-way relationships
between dog ownership, brisk walking and obesity.

Results

Of the 14,273 singleton birth mothers in the ALSPAC initial
sample, pet ownership data during gestation were reported for
13,215. The study sample characteristics are described in Table 1;
11,466 reported on both pet ownership and activity during
pregnancy and thus were available for analysis. During pregnancy,
58.0% (7,670) of pregnant women owned one or more pets; 24.9%
had one or more dogs.

Dog ownership and maternal physical activity during
pregnancy

At 18 weeks, 68.7% of 11,875 pregnant women reported
engaging in any regular activity at least once a week. Engaging in
any regular activity was positively associated with dog ownership
only (Table 2). The association was not attenuated (odds ratio
1.27, 95% confidence interval 1.11-1.41, P<<0.001), after
adjustment for confounders. A similar association was found for
the 32 weeks data (not shown).

At 18 weeks, pregnant women (n=11,165) reported a median
2 hours of activity per week (mean 5.2), and 49.4% reported
=3 hours of activity per week. Analysis of the hours of physical
activity per week by dog ownership showed a similar relationship
to above (Table 2), with those owning a dog being 1.53 times more
likely to achieve =3 hours a week (1.35-1.72, P<<0.001) than
those without a dog. There was no evidence that owning multiple
dogs, instead of a single dog, was associated with higher reported
physical activity, before or after adjustment. In fact, median hours
per week spent in activity were 2 for those with no dog, 4 for those
with a single dog, and 3 for those with multiple dogs (Kruskal-
Wallis P<<0.001).

Brisk walking was the only activity type associated with dog
ownership after adjustment for other factors. Thus, we present
here only the association between dog ownership and brisk
walking. Those with dogs were less likely to walk for <1 hour a
week (0.78, 0.66-0.93), but more likely to walk 2 to 6 hours per
week (1.43, 1.23-1.67) or >7 hours per week (1.80, 1.43-2.27),
than never walk. More dog owners reported brisk walking for
>7 hours per week compared to those who did not own a dog
(11.8% versus 8.5%). However, 693 dog owning women reported
never going for a brisk walk, and as a percentage this was the same
as for those without dogs (25%).

Dog ownership and maternal weight status

From n=12,254 individuals with reported height and weight,
5.1% of pregnant women were classified as obese and 19.1% as
overweight or obese. On univariable analysis, dog ownership was
associated with maternal overweight or obese; however, after
adjusting for confounding factors, the association did not remain
(Table 3). Dog ownership was also associated with maternal
obesity but again no association remained after adjustment. On
univariable analysis, there was a trend for increasing likelihood for
pregnant women with multiple dogs to be overweight or obese
compared to those with single dogs and no dogs, but there were no
differences after adjustment.

Relationship between dog ownership, brisk walking and
obesity
Mothers who walked 2 or more hours per week were less likely

to be obese than those who walked less than 2 hours a week (after
adjustment 0.70, 95% 0.56-0.87, P =0.001); thus, physical activity
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through brisk walking appeared to impact weight status. The effect
of walking on obesity risk was different between dog owners and
non-dog owners: there was no evidence that walking for 2 or more
hours a week (compared to less than 2 hours per week) was
associated with a reduced odds of obesity in dog owners (0.84,
0.55-1.28, P=0.41); however, amongst non-dog owners, in-
creased walking was associated with reduced risk of obesity
(0.65, 0.50-0.85, P=0.001). The effect of dog ownership on
obesity risk was similar whether the mother walked 2 or more
hours per week or less than 2 hours per week (respectively, 1.28,
0.89-1.86, P=10.19; and 1.12, 0.80-1.56, P=0.51). Five percent
of the dog owners who walked over 2 hours per week were obese,
compared with 7% of the dog owners who walked less than
2 hours per week. There was also no difference in the percentage
of obesity in mothers who had a dog and walked over 2 hours per
week (6%) compared with mothers who did not have a dog (6%).
The effect of dog ownership on walking was different in normal
weight or overweight mothers compared to obese mothers: in
obese mothers there was only weak evidence of an association
between dog ownership and walking 2 or more hours per week
(1.62, 0.97-2.69, P=0.07); whereas in overweight or normal
weight mothers, dog ownership was positively associated with
walking 2 or more hours per week (respectively 1.60, 1.21-2.12,
P=0.001; and 1.53, 1.36-1.72, P<<0.001). However, these
differences could be due to the smaller sample size of obese
mothers meaning decreased power to detect an association.

Sensitivity analyses — other pet types

During pregnancy, 29.5% of women had one or more cats,
8.7% rabbits, 6.1% rodents, and 7.8% birds. Those who lived with
rabbits were also more likely to achieve 3 hours of activity per
week (after adjustment 1.29, 1.07-1.55, P=0.01) and this
appeared to be independent of any confounding by dog ownership
(data not shown). However, rabbit ownership did not appear to be
associated with any particular activity type (data not shown).

On univariable analysis, pet ownership was associated with
maternal overweight or obese (for cat, rabbit bird or other pet).
However, after adjusting for confounding factors, the association
remained only for bird ownership (OR=1.55, 95%CI=1.25—
1.93, P<<0.001). Pet ownership was associated with increased
maternal obesity (for cat, dog, bird or other pet, but not rabbit)
but, after adjustment, no associations remained except for a weak
and attenuated association with cat ownership (OR=1.27,
95%CI=1.00-1.62, P=0.05).

Discussion

This is the first study to examine the association between pet
ownership and physical activity or weight status in pregnant
women, albeit using a dataset collected 20 years ago. Dog
ownership was associated with an increased (1.5 times) likelihood
of undertaking at least 3 hours per week of activity ‘enough to
work up a sweat’. Dog owners showed increased levels of brisk
walking, but not other types of activity, thus the specificity of the
finding makes it more likely that the association is causal. In
addition, the trend of increasing likelihood of dog ownership with
higher levels of activity and more hours of brisk walking per week
also suggests a real effect of owning a dog. Surprisingly, dog
ownership appeared at first to be associated with obesity, but this
was due to confounding by sociodemographic factors related to
both dog ownership and risk factors for obesity. From exploratory
analysis (data not shown) this seemed to be mainly due to the
variable ‘social class’. Thus, certain family types are more likely to
own dogs, and also tend to be overweight or obese prospective
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mothers, similar to findings for childhood obesity in the same
cohort [33].

We conducted sensitivity analyses in the form of testing the
effects of ownership of other pet types. There was some evidence
to suggest that rabbit ownership was also associated with increased
activity. However, rabbit owners did not show increases in any
particular activity type, suggesting that this apparent association
may be due to an unmeasured confounding variable or a chance
finding due to multiple testing. In addition, there was some
suggestion that bird ownership was associated with overweight, but
not obese women; however, this requires confirmation in other
studies because the association was not pre-specified and may,

@ PLoS ONE | www.plosone.org

Table 1. Characteristics (number and percentage) of the pregnant women who submitted pet ownership and activity information

(n=11,466).

Variable Level Number Valid percent

Maternal education CSE or no qualification (lowest) 2056 19.1
Vocational 1061 9.9
O level 3781 35.1
A level 2472 23.0
Degree (highest) 1395 13.0
Missing 701

Maternal social class Professional (highest) 535 5.9
Managerial and technical 2845 31.5
Skilled: non-manual 3911 43.2
Skilled: manual 706 7.8
Partly skilled 858 9.5
Unskilled (lowest) 190 2.1
Missing 2421

Mother worked during pregnancy No 3061 29.9
Yes 7166 70.1
Missing 1239

Maternal age at delivery <21 years 671 5.9
21-30 years 7202 63.0
>30 years 3560 31.1
Missing 33

Number of people in household 2 4426 38.8
3 4189 36.7
4 1867 164
5+ 935 8.2
Missing 49

Has previous living children No 4913 437
Yes 6333 56.3
Missing 220

House type Detached 1668 14.7
Semi-detached 3985 35.1
Terraced 3686 324
Flat/room in someone else’s house/other 2023 17.8
Missing 104

Mother had pets as a child No, not at all 821 10.7
Yes, part of time 3826 45.0
Yes, always 3864 454
Missing 2955

doi:10.1371/journal.pone.0031315.t001

therefore, be a chance finding. We conclude that our findings of
associations between dog ownership and walking are specific,
supporting the idea that the association may be causal.

The findings from this study are representative of only one
population of pregnant women in the UK, in the early 1990s when
obesity prevalence was lower, and thus may not be generalisable to
other geographical areas or time periods. Health advice given to
pregnant women now may be different from that given twenty
years ago, demonstrated by the 2009 update to the American
Institute of Medicine guidelines on weight management in
pregnancy originally published in 1990 [34]. It is possible that
twenty years ago, women were advised, either by health
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professionals or by friends and family, to partake in less physical
activity. However, besides a slight under-representation of ethnic
minority groups, the baseline ALSPAC cohort was broadly
representative of the UK population at the time [26] and provides
new original information relating to the activity of pregnant
women in relation to dog ownership, of which the prevalence has
remained approximately the same [35].

Both the outcome measures (parental weight and height,
maternal activity) and the predictor variables of interest (pet
ownership) were self-reported. However, self-reported weight and
height are generally thought to be reliable in younger adults [36]
and, even if BMI was underreported, this would likely lead to
under- rather than overestimation of effect sizes [5]. Self-reported
physical activity is instead more likely to have been over-reported.
It is unlikely that pet ownership was under- or over-reported, since
not only is it difficult to see a meaningful reason not to report this
accurately, but the likelihood of recall bias was low because the
data were collected at the time rather than retrospectively.
Nonetheless, given that some of the findings were based on small
numbers and multiple testing, these findings should be viewed as
preliminary and require further investigation. It is possible that
dog walkers are more likely to recall walking because this is an
activity specifically focused around dogs and walking, in contrast
to walking for other reasons (e.g. to the shops). Even if dog owners
are explicitly more active, the direction of the relationship cannot
be determined here due to the cross-sectional nature; it may be
that more active people who enjoy walking are more likely to
acquire dogs, rather than dogs making people more active per se.

@ PLoS ONE | www.plosone.org

Table 2. Association between maternal activity at 18 weeks and dog ownership during gestation, univariable and multivariable
(adjusted).
Crude Crude
Outcome (predictor) n (%) n (%) OR (95%Cl) P* Adj* OR (95%Cl) Adj* P*
Activity at least once No Yes
a week
Dog present No 2813 5833 1 1
(32.5) (67.5)
Yes 797 2023 1.22 <0.001 1.27 <0.001
(28.3) (71.7) (1.11-1.34) (1.11-1.44)
Number of dogs No dog 2813 5833 1 1
(32.5) (67.5)
Single dog 608 1579 1.25 <0.001 1.31 <0.001
(27.8) (72.2) (1.13-1.39) (1.14-1.51)
Multiple dogs 189 444 1.13 0.17 1.12 0.36
(29.9) (70.1) (0.95-1.35) (0.88-1.43)
Hours of activity per <3 =3
week
Dog present No 4327 3834 1 1
(53.0) (47.0)
Yes 1153 1486 1.45 <0.001 1.53 <0.001
(43.7) (56.3) (1.33-1.59) (1.35-1.72)
Number of dogs No dog 4327 3834 1 1
(53.0) (47.0)
Single dog 892 1156 1.46 <0.001 1.56 <0.001
(43.6) (56.4) (1.33-1.61) (1.37-1.78)
Multiple dogs 261 330 1.43 <0.001 1.41 0.004
(44.2) (55.8) (1.21-1.69) (1.12-1.78)
"Adjustment after inclusion of maternal education, maternal social class, mother worked during pregnancy, maternal age at delivery, number of people in household,
previous living children, house type and whether mother had pets as a child.
SLikelihood ratio P-value.
doi:10.1371/journal.pone.0031315.t002

Associations between increased physical activity of adults and
pet ownership, usually dogs, have been reported in a number of
other studies [18,19,20,21,22,23,24,25]. Associations between pet
ownership and, increased BMI have been previously reported
[37,38]. However, the strength of our study is that we controlled
for a number of other socioeconomic and demographic potential
confounders known to be related both to health behaviours and
ownership of different pet types. We also analysed these data by
individual pet type, showing that these potential relationships are
specific and likely due to the ownership of dogs. In addition, our
study is the first to our knowledge to examine these behaviours in
relation to pet ownership in pregnant women. Higher levels of
physical activity of dog walkers have been reported in other studies
through the use of objective measures such as accelerometry
[21,25]; since these are more reliable than self reports, they do
suggest that the reported higher activity of pregnant dog owners in
our study may be meaningful. Owners of a single dog spent a
median of 2 extra hours per week in activity, equivalent to a
30 min dog walk, four times a week. Although our study did not
report actual dog walking prevalence, this estimation concurs with
previously reported patterns of dog walking [39,40]. In our study,
those with multiple dogs reported less walking than those with
single dogs, but more than those with no dog, thus owning more
dogs is not likely to increase walking behaviour. This concurs with
other research suggesting that ‘regular’, as opposed to ‘seldom’,
dog walking behaviour appears to be related to the dog providing
support and motivation to walk, regardless of other potential
factors such as size of dog or number of dogs [39].
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Given that we found increased activity in dog walkers, we might
also expect to find decreased levels of obesity in dog owners.
However, there was little evidence in our study for an association
between dog ownership and obesity and, in any case, the direction
of any effect was in the direction of increased obesity in dog
owners rather than decreased. There are three potential
explanations for our findings that dog ownership is associated
with increased activity but not decreased weight status. The first
theory is that women of child-bearing age with high weight status
acquire dogs in order to increase their activity levels; a second
possibility is that physical activity attributable to dog ownership
(i.e. walking) may not be intense enough to influence weight status
in females of child-bearing age; finally it is possible that walking a
dog does contribute to decreased BMI, but is masked at a
population level by the number of dog owners that do not walk
their dog and have increased weight status.

The fact that owners of a single dog, on average, spent only 2
extra hours per week in activity compared to those with no dog,
would support the second or third theory. However, our other
findings suggest that the second theory is most plausible, namely
that the activity of dog walking is not sufficient to influence weight
status. Increased walking was associated with decreased odds of
obesity in non-dog owners, but not dog owners, suggesting that
other factors may have more influence on obesity than walking
with a dog, or that the type of walking done with dogs is not as
‘active’ as the walking done without a dog. We also tested the
hypothesis that dog owners that walked more would be less likely
to be obese than dog owners that walked less (which would support
theory 3), but found no evidence for this. We also found only
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Table 3. Association between maternal pre-pregnancy BMI and dog ownership during gestation, univariable and multivariable
(adjusted).
Crude Crude
Outcome (predictor) n (%) n (%) OR (95%Cl) p* Adj* OR (95%Cl) Adj* P*
Maternal Normal Ovw/Ob
overweight or obese
Dog present No 7336 1657 1 1
(81.6) (18.4)
Yes 2328 618 1.18 0.002 1.07 0.46
(79.0) (21.0) (1.06-1.30) (0.93-1.24)
Number of dogs No dog 7336 1657 1 1
(81.6) (18.4)
Single dog 1801 468 1.15 0.02 1.07 0.43
(79.4) (20.6) (1.03-1.29) (0.91-1.25)
Multiple dogs 527 150 1.26 0.02 1.11 0.48
(77.8) (22.2) (1.04-1.52) (0.84-1.46)
Maternal obesity Normal Obese
Dog present No 7336 429 1 1
(94.5) (5.5)
Yes 2328 179 1.31 0.003 0.97 0.82
(92.9) (7.1) (1.10-1.57) (0.74-1.27)
Number of dogs No dog 7336 429 1 1
(94.5) (5.5)
Single dog 1801 129 1.22 0.05 0.88 0.39
(93.3) (6.7) (1.00-1.50) (0.65-1.19)
Multiple dogs 527 50 1.62 0.002 133 0.23
(91.3) 8.7) (1.19-2.20) (0.84-2.10)
"Maternal overweight/obesity adjustment for maternal education, maternal social class, mother worked during pregnancy, maternal age at delivery, previous living
children, number of people in household, house type, mother had pets as a child.
SLikelihood ratio P-value.
doi:10.1371/journal.pone.0031315.t003

borderline evidence that dog ownership was associated with
increased walking in obese mothers, but there was evidence of an
association between dog ownership and increased walking in
normal weight or overweight mothers. This suggests that obese
mothers may be less likely to walk with their dogs than those of
lower weight status, or our non-significant finding may be due to
the smaller sample of obese mothers. It certainly does not support
theory 1. However our analyses must be interpreted with caution
as we do not know how much of the reported walking was actually
done with the dog. In contrast to our findings, a previous US study
showed that those who walked their dogs were more active, and
had lower weight status, than those who had a dog but did not
walk it [25]; supporting theory 3.

Increased exercise has other potential beneficial health impacts
besides just obesity. The main reasons reported by pregnant
women for not exercising are feeling unwell or tired, being too
busy, or exercise being uncomfortable in late pregnancy [41] and
low intensity exercise is perceived as safest and vigorous exercise
unsafe [41]. Walking is a readily available, cheap, and recom-
mended exercise activity for many pregnant women, and walking
dogs may be underutilised considering the effect sizes seen in our
study.

Future research should confirm activity levels in dog owning
and non-dog owning pregnant women in a more recent dataset,
and using an objective measure such as accelerometry. Studies of
activity levels of pregnant women should include specific questions
concerning dog walking and her relationship with the dog, such as
those contained in the Dogs And Physical Activity (DAPA) tool
[42], so that health benefits of dog ownership can be better
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characterised. In terms for policy and practice, one implication of
this research might be to encourage dog ownership in pregnant
women, but to do this without due consideration of the suitability
of the situation for dog acquisition and welfare of the dog, would
be both unethical and unrealistic. More importantly, the potential
intervention here is to encourage people who already own dogs to
be more physically active with the dogs that they already have.
The reasons why some owners, pregnant or not, do not walk their
dogs regularly, is still unclear, and requires further research.
Occupational and recreational activity is known to decline during
pregnancy, in contrast to domestic activity levels, which remain
similar [43]. Whether participation in dog walking also declines
during pregnancy is not currently known, and may depend on
whether it is considered a leisure pursuit or an essential component
of general domestic activity. This could be further elucidated in
studies that compared activity levels and participation in dog
walking, before, during and after pregnancy. It would also be
useful to examine the influence of dog ownership and dog walking
on weight gain during pregnancy. As in many health related issues
where identifying causation is difficult, longitudinal study designs
concerning pet ownership, obesity, and activity, may provide fresh
insights. Randomised controlled trials testing encouragement of
dog walking during pregnancy may also be feasible.

References

1. Heslehurst N, Lang R, Rankin J, Wilkinson JR, Summerbell CD (2007) Obesity
in pregnancy: a study of the impact of maternal obesity on NHS maternity
services. Bjog-an International Journal of Obstetrics and Gynaecology 114:
334-342.

2. Sayburn A (2010) Challenge pregnant women to manage their weight, NICE
says. British Medical Journal 341.

3. (2010) Dietary interventions and physical activity interventions for weight
management before, during and after pregnancy. National Institute for Health
and Clinical Excellence.

4. Nelson SM, Matthews P, Poston L (2010) Maternal metabolism and obesity:
modifiable determinants of pregnancy outcome. Human Reproduction Update
16: 255-275.

5. Griffiths L], Hawkins SS, Cole TJ, Dezateux C, Millennium Cohort Study Child
Health Group (2010) Risk factors for rapid weight gain in preschool children:
findings from a UK-wide prospective study. International Journal of Obesity 34:
624-632.

6. Reilly JJ, Armstrong J, Dorosty AR, Emmett PM, Ness A, et al. (2005) Early life
risk factors for obesity in childhood: cohort study. BMJ 330: 1357-1359.

7. Olson D, Sikka RS, Hayman J, Novak M, Stavig C (2009) Exercise in
Pregnancy. Current Sports Medicine Reports 8: 147-153.

8. Madsen M, Jorgensen T, Jensen ML, Juhl M, Olsen J, et al. (2007) Leisure time
physical exercise during pregnancy and the risk of miscarriage: a study within
the Danish National Birth Cohort. Bjog-an International Journal of Obstetrics
and Gynaecology 114: 1419-1426.

9. Savitz DA, Murnane P (2010) Behavioral Influences on Preterm Birth A Review.
Epidemiology 21: 291-299.

10. Liu JH, Mayer-Davis EJ, Pate RR, Gallagher AE, Bacon JL (2010) Physical
activity during pregnancy is associated with reduced fasting insulin - the Pilot
Pregnancy and Active Living Study. Journal of Maternal-Fetal & Neonatal
Medicine 23: 1249-1252.

11. Dempsey JC, Butler CL, Sorensen TK, Lee IM, Thompson ML, et al. (2004) A
case-control study of maternal recreational physical activity and risk of
gestational diabetes mellitus. Diabetes Research and Clinical Practice 66:
203-215.

12. O’Haire M (2010) Companion animals and human health: Benefits, challenges,
and the road ahead. Journal of Veterinary Behaviour 5: 226-234.

13. McNicholas J, Gilbey A, Rennie A, Ahmedzai S, Dono J-A, et al. (2005) Pet
ownership and human health: a brief review of evidence and issues. BMJ 331:
1252-1254.

14. Headey B (2003) Pet ownership: good for health? Medical Journal Of Australia
179: 460-461.

15. Wells DL (2009) The Effects of Animals on Human Health and Well-Being.
Journal of Social Issues 65: 523-543.

16. Wells DL (2007) Domestic dogs and human health: An overview. British Journal
of Health Psychology 12: 145-156.

17. WHO (2002) The World Health Report: Reducing risks to health, promoting
healthy life. Geneva: World Health Organisation.

18. Bauman AE, Russell SJ, Furber SE, Dobson AJ (2001) The epidemiology of dog
walking: an unmet need for human and canine health. Medical Journal of
Australia 175: 632-634.

@ PLoS ONE | www.plosone.org

Dogs and Activity in Pregnancy

In conclusion, pregnant women who owned dogs were more
active through walking than those who did not own dogs, but
effect sizes were not large, and this did not influence weight status.
These findings are similar to those from other population groups.
Considering that physical activity in pregnant women has many
health implications, including the problems that lead from obesity,
and walking is considered a low risk exercise, participation of
pregnant women in dog walking activities requires further
examination.

Acknowledgments

We are extremely grateful to all the families who took part in this study, the
midwives for their help in recruiting them, and the whole ALSPAC team,
which includes interviewers, computer and laboratory technicians, clerical
workers, research scientists, volunteers, managers, receptionists and nurses.
We are grateful to Kate Northstone for providing the ALSPAC dataset.

Author Contributions

Conceived and designed the experiments: CW SD RMG AJG PB SM.
Analyzed the data: CW. Wrote the paper: CW SD RMG AJG PB JL. AN
JH SM. Provided data: JH. Advised on data analysis: JL. JH AN.

19. Cutt H, Giles-Corti B, Knuiman M, Timperio A, Bull I (2008) Understanding
dog owners’ increased levels of physical activity: Results from RESIDE.
American Journal of Public Health 98: 66—69.

20. Brown SG, Rhodes RE (2006) Relationships among dog ownership and leisure-
time walking in western Canadian adults. American Journal of Preventive
Medicine 30: 131-136.

21. Harris TJ, Owen CG, Victor CR, Adams R, Cook DG (2009) What factors are
associated with physical activity in older people, assessed objectively by
accelerometry? British Journal of Sports Medicine 43: 442-450.

22. Serpell J (1991) Beneficial effects of pet ownership on some aspects of human
health and behavior. Journal Of The Royal Society Of Medicine 84: 717-720.

23. Thorpe RJ, Kreisle RA, Glickman LT, Simonsick EM, Newman AB, et al.
(2006) Physical Activity and Pet Ownership in Year 3 of the Health ABC Study.
Journal of Aging and Physical Activity 14: 154-168.

24. Schofield G, Mummery K, Steele R (2005) Dog ownership and human health-
related physical activity: an epidemiological study. Health Promot J Austr 16:
15-19.

25. Coleman KJ, Rosenberg DE, Conway TL, Sallis JF, Saelens BE, et al. (2008)
Physical activity, weight status, and neighborhood characteristics of dog walkers.
Preventive Medicine 47: 309-312.

26. Golding J, Pembrey M, Jones R, Team AS (2001) ALSPAC-The Avon
Longitudinal Study of Parents and Children - 1. Study methodology. Paediatric
and Perinatal Epidemiology 15: 74-87.

27. LiuJ, Blair SN, Lawlor D, Ness A, Teng Y, et al. (2011) Physical activity during
pregnancy in a prospective cohort of British women: Results from Avon
Longitudinal Study of Parents and Children (ALSPAC). European Journal of
Epidemiology 26: 237-247.

28. Cedergren MI (2007) Optimal gestational weight gain for body mass index
categories. Obstetrics and Gynecology 110: 759-764.

29. Westgarth C, Heron J, Ness AR, Bundred P, Gaskell RM, et al. (2010) Pet
ownership during childhood: findings from a UK birth cohort and implications
for public health research. International Journal of Environmental Research and
Public Health 7: 3704-3729.

30. Sternfeld B, Ainsworth BE, Quesenberry CP (1999) Physical activity patterns in
a diverse population of women. Preventive Medicine 28: 313-323.

31. Mudd LM, Nechuta S, Pivarnik JM, Paneth N, Michigan Alliance Natl C (2009)
Factors associated with women’s perceptions of physical activity safety during
pregnancy. Preventive Medicine 49: 194-199.

32. Donahue SMA, Zimmerman FJ, Starr JR, Holt VL (2010) Correlates of Pre-
Pregnancy Physical Inactivity: Results from the Pregnancy Risk Assessment
Monitoring System. Maternal and Child Health Journal 14: 235-244.

33. Westgarth C, Heron J, Ness AR, Bundred P, Gaskell RM, et al. (2012) Is
childhood obesity influenced by dog ownership?: no cross-sectional or
longitudinal evidence. Obesity Facts;In review.

34. IOM (2009) Weight Gain During Pregnancy: Reexamining the Guidelines.
Washington DC: Institute of Medicine.

35. PFMA (2011) Historical data. pp. Pet ownership historical data.

36. Kuczmarski MF, Kuczmarski R]J, Najjar M (2001) Effects of age on validity of
self-reported height, weight, and body mass index: Findings from the third

February 2012 | Volume 7 | Issue 2 | 31315



37.

38.

39.

40.

National Health and Nutrition Examination Survey, 1988-1994. Journal of the
American Dietetic Association 101: 28-34.

Timperio A, Salmon J, Chu B, Andrianopoulos N (2008) Is dog ownership or
dog walking associated with weight status in children and their parents? Health
Promotion Journal of Australia 19: 60-63.

Koivusilta LK, Ojanlatva A (2006) To have or not to have a pet for better
health? PLoS One 1: e109.

Christian H, Giles-Corti B, Knuiman M (2010) “I'm Just a’~Walking the Dog”
Correlates of Regular Dog Walking. Family & Community Health 33: 44-52.
Westgarth C, Pinchbeck GL, Bradshaw JWS, Dawson S, Gaskell RM, et al.
(2008) Dog-human and dog-dog interactions of 260 dog-owning households in a
community in Cheshire The Veterinary Record 162: 436-442.

@ PLoS ONE | www.plosone.org

41.

42.

43.

Dogs and Activity in Pregnancy

Duncombe D, Wertheim EH, Skouteris H, Paxton J, Kelly L (2009) Factors
related to exercise over the course of pregnancy including women’s beliefs about
the safety of exercise during pregnancy. Midwifery 25: 430-438.

Cutt HE, Giles-Corti B, Knuiman MW, Pikora T] (2008) Physical activity
behavior of dog owners: development and reliability of the Dogs and Physical
Activity (DAPA) tool. J Phys Act Health 5 Suppl 1: S73-89.

Clarke PE, Rousham EK, Gross H, Halligan AWF, Bosio P (2005) Activity
patterns and time allocation during pregnancy: A longitudinal study of British
women. Annals of Human Biology 32: 247-258.

February 2012 | Volume 7 | Issue 2 | 31315



	Dog Ownership During Pregnancy, Maternal Activity, and Obesity: A Cross-Sectional Study
	Publication Info
	Author(s)

	pone.0031315 1..8

