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IMPORTANCE The association between early exposure to animals and type 1 diabetes in
childhood is not clear.

OBJECTIVE To determine whether exposure to dogs during the first year of life is associated
with the development of type 1 diabetes in childhood.

DESIGN, SETTING, AND PARTICIPANTS A nationwide cohort study utilizing high-quality
Swedish national demographic and health registers was conducted. A total of 840 593
children born in Sweden from January 1, 2001, to December 31, 2010, were evaluated. Type 1
diabetes was identified using diagnosis codes from hospitals and dispensed prescriptions of
insulin. Cox proportional hazards regression models were used to assess the association
between exposure to dogs and risk of type 1 diabetes in childhood. The possible association
was further investigated by performing dose-response and breed group–specific analyses.
The cohort was followed up until September 30, 2012. Data analysis was conducted from
October 15, 2015, to February 8, 2017.

EXPOSURES Having a parent who was registered as a dog owner during the child’s first year of
life.

MAIN OUTCOMES AND MEASURES Childhood-onset type 1 diabetes.

RESULTS Of the 840 593 children reviewed, 408 272 (48.6%) were girls; mean (SD) age at
diagnosis of type 1 diabetes was 5.1 (2.6) years. Dog exposure was identified in 102 035
children (12.1%). Follow-up started at age 1 year, and the children were followed up for as long
as 10.7 years (median, 5.5 years). During follow-up, 1999 children developed type 1 diabetes.
No association was found between exposure to dogs (adjusted hazard ratio [HR], 1.00;
95% CI, 0.86-1.16) and type 1 diabetes in childhood. The size of the dog (adjusted HR per
10-cm increase in height, 0.96; 95% CI, 0.86-1.06) or number of dogs in the household
(1 dog: adjusted HR, 1.07; 95% CI, 0.91-1.26; 2 dogs: 0.79; 95% CI, 0.54-1.15; �3 dogs: 0.50;
95% CI, 0.23-1.12; compared with nonexposed children) also was not associated with type 1
diabetes risk. An analysis of children whose parent had type 1 diabetes (210 events) yielded
an adjusted HR of 0.71 (95% CI, 0.43-1.17) for dog exposure.

CONCLUSIONS AND RELEVANCE In a nationwide study, no evidence supporting an association
of register-derived measures of dog exposure with childhood type 1 diabetes was identified.
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S weden has among the highest incidence rates in the
world of type 1 diabetes with 47 new cases per 100 000
person-years in children aged 5 to 10 years.1 The inci-

dence of type 1 diabetes in European children increased 3% to
4% annually between 1989 and 2008,2 suggesting that a change
in environmental factors influences the development of type
1 diabetes. The hygiene hypothesis3 proposes that improved
hygienic standards have reduced the microbial exposure dur-
ing early childhood, leading to an impaired immune system
and increased risk of immune-related diseases.4 Studies on risk
factors, such as sibling order,5 delivery by cesarean section,6

and antibiotic treatment,7 has so far not provided consistent
evidence in favor of this hypothesis.

Early life exposure to animals has been suggested to increase
microbial exposure and thereby decrease the risk of type 1
diabetes.8 Adult dog owners have an altered bacterial flora on
their hands9 and in the house dust10 compared with nonown-
ers. Children living on farms are exposed to a wider range of mi-
crobes than are other children.11 How large an effect a dog has on
the home environment microbial load probably depends on
breed-specific characteristics, such as size, type of coat, and time
spent outdoors. For example, it is likely that a large dog brings
a greater amount of microbes inside the house than a small dog,
and some breeds might spend more time in the forest than oth-
ers and therefore contribute a different composition of microbes
to the home compared with breeds mostly walked in urban set-
tings. Moreover, in Sweden, some breeds, for example hunting
dogs, are likely to be kept outside more and may have less con-
tact with the children in the home.

There are currently only a few studies on the potential in-
fluence of early exposure to animals on type 1 diabetes devel-
opment.8,12-14 Most of the studies suggest an inverse associa-
tion, but power limitations precluded firm conclusions. In a
recent cohort study of children with genetic susceptibility to
type 1 diabetes, the adjusted odds ratio (OR) for dog exposure
was 0.40 (95% CI, 0.14-1.14) for clinical type 1 diabetes and 0.47
(95% CI, 0.28-0.80) for seroconversion for at least 1 of 3 dia-
betes-associated autoantibodies.8

The objective of this study was to assess the association
between dog exposure and childhood type 1 diabetes in a Swed-
ish nationwide, register-based cohort study. We also ex-
plored the association between farm animal exposure and
childhood type 1 diabetes.

Methods
Study Population
The study cohort consisted of all children born in Sweden be-
tween January 1, 2001, and December 31, 2010, identified
through linkage of the Swedish Total Population Register15 and
the Medical Birth Register16 (Figure) using the personal iden-
tity number. Children were followed up from birth until the
onset of type 1 diabetes, death, emigration, or September 30,
2012. Fathers were identified from the Multi-Generation
Register15 and mothers from the Medical Birth Register. Chil-
dren with incomplete information about parental identity,
country of birth, or migration, or those who died or emi-

grated before their first birthday were excluded. Children were
also excluded if both parents immigrated to Sweden after the
age of 15 years or if 1 or both parents did not live in Sweden
the full year before the child’s birth because they are less likely
to have accurate and complete information. Additional infor-
mation about the registers and the personal identity num-
bers is available in the eTable in the Supplement.

The Regional Ethical Board in Stockholm, Sweden,
approved this study and allowed the researchers to waive
the requirement for obtaining informed consent or parental
permission.

Outcome
Type 1 diabetes events were identified through the Swedish
Prescribed Drug Register (SPDR) and the National Patient Reg-
ister (the eTable in the Supplement). For this study we ob-
tained diagnoses, registered according to the International
Classification of Diseases and Related Health Problems, Tenth
Revision (ICD-10), from January 1, 2001, until December 31,
2011, from the National Patient Register. The SPDR data were
available from July 1, 2005, through September 30, 2012. Chil-
dren were defined as having type 1 diabetes if they had at least
1 dispensed prescription of insulin (Anatomical Therapeutic
Chemical classification A10A). Date of onset was estimated as
the date of type 1 diabetes diagnosis (ICD-10 code E10) in the
National Patient Register or as 7 days before the first prescrip-
tion of insulin in the SPDR if the diagnosis was missing. A re-
cent study showed that the SPDR can be used to reliably assess
the occurrence of type 1 diabetes in children.1

Exposure
Dog exposure was defined as having a parent registered as a
dog owner during the child’s entire first year of life in the Swed-
ish Board of Agriculture or the Swedish Kennel Club dog reg-
isters. In Sweden all dogs are required by law to be registered,
and it has been estimated that 83% (95% CI, 78%-87%) of pet
dogs were registered in 2012.17 We assumed that a parent was
a dog owner from the date of dog registration until a reported
change in ownership or the death of the dog. If no death date
for the dog was reported, we assumed a maximum age of 10
years. We defined farm animal exposure as having a parent
identified in the Longitudinal Integration Database for Health
Insurance and Labour Market Studies (LISA) as “animal pro-
ducer and related worker, SSYK6121” in the year the child was
born. Detailed information about dog and farm animal expo-
sure appears in the eMethods in the Supplement.

Key Points
Question Is dog exposure during early life linked to type 1
diabetes risk?

Findings In this Swedish nationwide, register-based cohort study
including 840 593 children and 1999 diabetes events, no evidence
was found for an association between register-derived measures
of dog exposure and childhood-onset type 1 diabetes.

Meaning Advice on exposing children to animals to lower risk for
type 1 diabetes is likely not effective.
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Other Variables
We collected information concerning the child’s birth and ma-
ternal smoking from the Medical Birth Register. Parental in-
come and educational level information was collected from the
LISA register. Detailed information appears in the eMethods
in the Supplement.

Statistical Analysis
We applied Cox proportional hazards regression models, using
age as timescale, to assess the association between exposure to
dog and farm animals during the first year of life and the risk of
type 1 diabetes. Follow-up started at age 1 year, and children with
insulin treatment before 1 year were excluded (n = 47). Children
were censored at emigration, death, or end of follow-up (Septem-
ber 30, 2012). We used a robust sandwich covariance matrix es-
timate to account for the lack of independence of children within
the same family. The assumption of proportional hazards was vi-
sually checked by plotting the Schoenfeld residuals against rank
time and fitting a smooth curve with 95% confidence bands.

Potential confounders were selected for adjustment based
on directed acyclic graphs18 taking into account prior knowledge
regarding associations with dog and farm animal exposure and
type 1 diabetes. According to the resulting directed acyclic graphs
(eFigure in the Supplement), we adjusted for mother’s age, ma-
ternal type 1 diabetes, paternal type 1 diabetes, parity, household
income, mother’s education, father’s education, mother’s coun-
try of birth, father’s country of birth, dog and farm animal (dog
and farm animal exposure were included in the same model),
population density, and geographic location. Furthermore, we
adjustedforpopulationdensityandgeographiclocationbystrati-
fying the baseline hazard function on parish. Only parishes with
at least 1 type 1 diabetes event and at least 1 type 1 diabetes–free
individual at the age of event in the type 1 diabetes case contrib-
ute to the estimations of the stratified Cox proportional hazards
regression model; informative sample size is thus reported for
stratified analyses.19 Results are reported both as crude and ad-
justed hazards ratios (HR) with 95% CIs.

To assess a possible dose-response relationship between dog
exposure and type 1 diabetes, we performed 2 additional analy-
ses: 1 accounting for the number of dogs in the household and 1
where the height of the tallest purebred dog in the household was
used as a gradient of exposure. We furthermore used the Swed-
ish Kennel Club’s definition of breed groups to categorize the
breeds into groups and tested the association across the groups.
The analysis of breed groups was based on children exposed to
only 1 breed group and nonexposed children (reference group).

We performed a subgroup analysis of children whose par-
ent had type 1 diabetes as well as analyses restricted to par-
ents born in Sweden and to first-born children. Furthermore,
an analysis with follow-up starting at age 2 years was per-
formed to assess whether misclassifying neonatal diabetes as
type 1 diabetes affected our results.

Finally, we evaluated the effect of a potential misclassifica-
tion of dog exposure. First, we performed a deterministic sensi-
tivity analysis assuming nondifferential misclassification and
calculated bias-corrected incidence rate ratio20 for different sen-
sitivities (0.70-0.85) and specificities (0.97-1.00). We further
evaluated the effect due to missing death date for the dog by per-

forming analyses assuming a maximum age of 8 or 12 years. We
alsorestrictedthestudycohorttochildrenbornduring2006-2010
as the coverage probably improved over time. Analyses were per-
formed using SAS, version 9.4 (SAS Institute Inc). Data analysis
was conducted from October 15, 2015, to February 8, 2017.

Results
There were 840 593 children (408 272 girls [48.6%]) in the study
cohort,andmedianlengthoffollow-upwas5.5years(range,1day
to 10.7 years) from their first birthday. Follow-up was terminated
for 7530 children because of emigration (6980) or death (550).
During follow-up (4 683 793 person-years), 1999 cases of
childhood-onset type 1 diabetes were recorded. The mean (SD)
age at diagnosis was 5.1 (2.6) years. A total of 102 035 (12.1%) chil-
dren were classified as exposed to dogs (Table 1), and dog own-
ershipwasmorecommoninruralareas.Medianheightofthelarg-
est purebred dog in the household was 56 cm (25th percentile,

Figure. Description of the Study Population

1 005 463 Children living in Sweden at 1 y

971 736 Children with complete parental data

840 593 Children followed up until onset of
type 1 diabetes, death, emigration,
or September 30, 2012   

1 011 151 Children born in Sweden January 1,
2001-December 31, 2010

Information from Swedish Prescribed Drug
Register, National Patient Register, LISA 
Register, National Dog Register, and Register
at Swedish Kennel Club

Information from Total Population Register
and Medical Birth Register

5688 Excluded

2807 Death at <1 y
21 Incomplete migration data

2860 Emigration at <1 y

33 727 Excluded

6892 Missing information on
parents' immigration

162 Missing country of birth

26 673 Missing information on
parents' identity

131 143 Excluded

22 866 One or both parents not living
in Sweden the year before birth

12 797 Children with dog
exposure for <1 y

47 Children with diabetes at <1 y

95 433 Both parents immigrating
to Sweden after age 15 y

Information from Multi-Generation Register

LISA indicates Longitudinal Integration Database for Health Insurance and
Labour Market Studies.
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Table 1. Child and Family Characteristics for 840 593 Children Born in Sweden by Dog and Farm Animal Exposure

Characteristic

Exposure
Dog Farm Animal
No Yesa No Yes

No. of children 738 558 102 035 837 029 3564
Girls, No. (%) 358 531 (48.5) 49 741 (48.7) 406 511 (48.6) 1761 (49.4)
Cesarean delivery, No. (%) 128 805 (17.4) 18 569 (18.2) 146 819 (17.5) 555 (15.6)
Parity, No. (%)

1 326 253 (44.2) 47 800 (46.8) 372 738 (44.5) 1315 (36.9)
2 282 616 (38.3) 33 386 (32.7) 314 794 (37.6) 1208 (33.9)
≥3 129 689 (17.6) 20 849 (20.4) 149 497 (17.9) 1041 (29.2)

Mother's BMI, median (IQR)b 23.5 (21.5-26.3) 24.2 (21.8-27.5) 23.5 (21.5-26.4) 24.9 (22.4-28.3)
Missing, No. (%) 78 718 (10.7) 9289 (9.1) 87 717 (10.5) 290 (8.1)

Smoking during early pregnancy, No. (%)b

No 646 991 (87.6) 86 528 (84.8) 730 327 (87.3) 3192 (89.6)
Yes 53 279 (7.2) 11 276 (11.1) 64 312 (7.7) 243 (6.8)
Missing 38 288 (5.2) 4231 (4.1) 42 390 (5.1) 129 (3.6)

Gestational diabetes, No. (%) 6004 (0.8) 998 (1.0) 6969 (0.8) 33 (0.9)
Type 1 diabetes, No. (%)

Mother 6056 (0.8) 1010 (1.0) 7030 (0.8) 36 (1.0)
Father 6624 (0.9) 1006 (1.0) 7594 (0.9) 36 (1.0)

Age at child’s birth, median (IQR), y
Mother 31 (27-34) 29 (26-33) 30 (26-34) 30 (26-34)
Father 33 (29-36) 32 (28-36) 32 (29-36) 33 (29-38)

Mother’s country of birth, No. (%)c

Sweden 669 604 (90.7) 97 295 (95.4) 763 478 (91.2) 3421 (96.0)
Nordic: Non-Swedish 10 733 (1.5) 1330 (1.3) 12 030 (1.4) 33 (0.9)
Non-Nordic 58 221 (7.9) 3410 (3.3) 61 521 (7.3) 110 (3.1)

Father’s country of birth, No. (%)c

Sweden 668 376 (90.5) 96 617 (94.7) 761 515 (91.0) 3478 (97.6)
Nordic: Non-Swedish 10 376 (1.4) 1515 (1.5) 11 860 (1.4) 31 (0.9)
Non-Nordic 59 806 (8.1) 3903 (3.8) 63 654 (7.6) 55 (1.5)

Mother’s highest education, No. (%)
Compulsory school 60 154 (8.1) 11 876 (11.6) 71 692 (8.6) 338 (9.5)
Upper secondary school 313 045 (42.4) 54 243 (53.2) 365 016 (43.6) 2272 (63.7)
University 365 135 (49.4) 35 899 (35.2) 400 081 (47.8) 953 (26.7)
Missing 224 (<0.1) 17 (<0.1) 240 (<0.1) 1 (<0.1)

Father’s highest education, No. (%)
Compulsory school 73 155 (9.9) 13 810 (13.5) 86 436 (10.3) 529 (14.8)
Upper secondary school 364 459 (49.3) 63 370 (62.1) 425 243 (50.8) 2586 (72.6)
University 300 720 (40.7) 24 838 (24.3) 325 110 (38.8) 448 (12.6)
Missing 224 (<0.1) 17 (<0.1) 240 (<0.1) 1 (<0.1)

Household income quintile, No. (%)d

1 (lowest) 143 077 (19.4) 23 792 (23.3) 165 308 (19.7) 1561 (43.8)
2 144 702 (19.6) 23 076 (22.6) 166 993 (20.0) 785 (22.0)
3 147 043 (19.9) 21 124 (20.7) 167 598 (20.0) 569 (16.0)
4 148 800 (20.1) 19 754 (19.4) 168 139 (20.1) 415 (11.6)
5 (highest) 154 838 (21.0) 14 287 (14.0) 168 891 (20.2) 234 (6.6)
Missing 98 (<0.1) 2 (<0.1) 100 (<0.1) 0 (0.0)

Population density, inhabitants, median (IQR), km2 88.5 (35.1-882.8) 47.7 (19.5-107.6) 85.5 (32.9-658.3) 29.6 (16.4-61.6)
Missing, No. (%) 23 (<0.1) 1 (<0.1) 23 (<0.1) 1 (<0.1)

Birth cohort, No. (%)
2001-2005 365 237 (49.5) 36 811 (36.1) 400 623 (47.9) 1425 (40.0)
2006-2010 373 321 (50.5) 65 224 (63.9) 436 406 (52.1) 2139 (60.0)

Exposed child, No. (%)
Farm animal 2215 (0.3) 1349 (1.3) NA NA
Dog NA NA 100 686 (12.0) 1349 (37.9)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); IQR, interquartile range; NA, not applicable.
a Exposed during the whole first year of life.
b At the first visit at the antenatal clinic.

c Other Nordic countries include Norway, Denmark, Iceland, Finland, the
territories of the Aland Islands, and the Faroe Islands.

d Household income adjusted for family size and categorized into fifths by
calendar year.
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40 cm; 75th percentile, 61 cm). The incidence rate of type 1 dia-
betes was 44.9 cases per 100 000 person-years among children
exposed to dogs and 42.4 cases per 100 000 person-years among
the nonexposed children. No association was found between ex-
posure to dogs and type 1 diabetes (adjusted HR, 1.00; 95% CI,
0.86-1.16) (Table 2) or with the number of dogs (1 dog: adjusted
HR, 1.07; 95% CI, 0.91-1.26; 2 dogs: 0.79; 95% CI, 0.54-1.15;
≥3 dogs: 0.50; 95% CI, 0.23-1.12; compared with nonexposed
children) (Table 3). Furthermore, no association was found
between the height of the dog and type 1 diabetes (adjusted
HR per 10-cm increase, 0.96; 95% CI, 0.86-1.06). In this
cohort, children exposed to retrievers were at increased risk
of type 1 diabetes compared with nonexposed children (ad-
justed HR, 1.60; 95% CI, 1.22-2.11) (Table 4).

The sensitivity analyses had little effect on the estimates.
We found no association between exposure to farm animals
and type 1 diabetes (Table 2). In other analyses, the determin-
istic sensitivity analysis for dog exposure, assuming nondif-
ferential misclassification, yielded bias-corrected incidence rate
ratios that ranged from 1.06 to 1.08.

Discussion
In this nationwide, population-based cohort, we found no evi-
dence that children exposed to dogs or farm animals during
their first year of life were at reduced risk of childhood type 1
diabetes (1997 events, adjusted HR, 1.00; 95% CI, 0.86-1.16).
A German case-control study of 242 case and 224 hospital-
recruited control participants14 reported a nonsignificant in-
verse association between dog exposure and clinical type 1 dia-
betes (adjusted OR, 0.67; 95% CI, 0.44-1.04). However,
exposure was defined as regular contact with a dog ever dur-
ing the study period; we restricted the exposure period to the
first year of life, which makes comparison between the stud-
ies difficult. We hypothesized that animal exposure has an ef-
fect on the child’s microbiome composition and since early mi-
crobiome plays a pivotal role in the development of the
immune system, we restricted the exposure period to the
child’s first year of life. In contrast, a Swedish cohort study21

reported that dog exposure during the first year of life was as-
sociated with positivity for glutamic acid decarboxylase (crude
OR, 1.3; 95% CI, 1.0-1.8). However, dog exposure was not as-
sociated with positivity of 2 other autoantibodies in that study,
and a large number of exposures were tested. Our study is bet-
ter powered than these 2 previous studies and suggests no ma-
jor influence of dog exposure during the first year of life on type
1 diabetes risk in the general population.

Virtanen et al8 monitored a high-risk birth cohort of 3143 chil-
dren with human leukocyte antigen DQB1–conferred susceptibil-
ity to type 1 diabetes. Indoor dog exposure during the first year
of life had an adjusted OR of 0.40 (95% CI, 0.14-1.14) for clinical
type 1 diabetes (51 events). Information about human leukocyte
antigen susceptibility to type 1 diabetes was not included in our
study, but a subgroup analysis of children who had a parent with
type 1 diabetes (210 events) yielded an adjusted HR of 0.71 (95%
CI, 0.43-1.17), lending some support to the Virtanen et al8 result
that dog exposure might be inversely associated with type 1 dia-

betes in high-risk children. Furthermore, Virtanen et al8 found
an association of indoor dogs with seroconversion to type 1 dia-
betes (adjusted OR, 0.47; 95% CI, 0.28-0.80) but no association
withoutdoordogexposure.Welackedinformationaboutwhether
the dog was kept inside or outside, which could have diluted our
estimatesif theproportionofoutsidedogownerswaslarge.How-
ever, the practice of keeping dogs outdoors only is rare in Swe-
den today, and the influence, if any, on the results should be lim-
ited. Also, the type of dog typically associated with outdoor-only
management (Spitz and primitive types) showed no excess risk
in our data. Virtanen et al8 stated that the association with indoor
dogs could be a spurious finding since they tested several other
exposures in the study.

To our knowledge, this is the first study performing dose-
response and breed group–specific analyses. We found no clear
dose-response relationship but identified a higher risk of child-
hood-onset type 1 diabetes among children exposed to retriev-
ers compared with children not exposed to any dog. The re-
sult for the retrievers is not in line with our hypothesis, and
we believe that it most likely is a spurious finding.

Having older siblings or Sweden-born parents may influ-
ence both the risk of type 1 diabetes and the choice of having
a pet. However, restricting the cohort to first-born children or
excluding children of immigrants did not change the results.

In line with earlier studies, we found no association between
farmanimalexposureandtype1diabetes,butthenumberofchil-
dren exposed to farm animals was low in our study and the sta-
tistical power to detect meaningful differences was limited. In
a Finnish cross-sectional study,13 living on a farm with animals
ever until the age of 18 years was inversely, but not significantly,
associated with type 1 diabetes (adjusted OR, 0.54; 95% CI, 0.05-
2.24;P = .46).Radonetal14 studiedregularcontactwithfarmani-
mals ever during the study period and found no association with
type 1 diabetes. Virtanen et al8 studied farm animal exposure dur-
ing the first year of life and reported an adjusted OR of 0.79 (95%
CI, 0.12-5.15). However, all of these studies, including our study,
had a low number of children exposed to farm animals, and the
results are not precise enough to make a firm conclusion.

Strengths and Limitations
To our knowledge, this is the first prospective, nationwide co-
hort study utilizing registers on this subject. The register-based
design has several strengths, including use of high-quality data
that provided objectively and prospectively collected measures
of exposure, potential confounders, and a validated outcome.
Moreover, in Sweden there is a geographic variation in both type
1 diabetes incidence and likelihood of owning a dog and, by strati-
fying on parish, we were able to adjust for all parish-constant
confounders. Even though some parishes lacked variation in the
outcome, performing a stratified analysis caused only a mini-
mal loss of type 1 diabetes events and therefore a limited loss of
power. Finally, the population-based design enables generaliza-
tion to the Swedish population and likely also to other European
populations with similar cultures regarding dog ownership and
farming. However, the follow-up time was limited since man-
datory registration in the dog register started in 2001. Hence,
we could study only early-onset type 1 diabetes, which limits the
external validity.
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Table 2. Association Between Dog or Farm Animal Exposure During the First Year of Life and Childhood-Onset Type 1 Diabetes

Characteristic

No.

Crude HR (95% CI)

Stratified by Parish, No.b

Adjusted HR (95% CI)cTotala Events Total Event
Dog exposure

All 840 593 1999 1.10 (0.95-1.27) 580 610 1997 1.00 (0.86-1.16)

Parental type 1 diabetesd 14 900 225 0.80 (0.52-1.25) 3485 210 0.71 (0.43-1.17)

No parental type 1 diabetese 826 008 1774 1.12 (0.97-1.31) 549 361 1772 1.04 (0.89-1.22)

Both parents born in Sweden 713 631 1813 1.07 (0.93-1.24) 471 529 1812 1.01 (0.86-1.18)

Parity 1 374 053 910 1.16 (0.95-1.42) 211 233 909 1.12 (0.91-1.37)

Children born 2006-2010 438 545 526 1.08 (0.84-1.36) 184 063 526 0.95 (0.74-1.23)

Farm animal exposure

All 840 593 1999 1.70 (0.99-2.93) 580 610 1997 1.51 (0.88-2.58)

Abbreviation: HR, hazard ratio.
a Children born in Sweden between January 1, 2001, and December 31, 2010,

and followed up to September 30, 2012. Follow-up started at age 1 year.
b Only parishes with both cases and controls.
c Cox proportional hazards regression models adjusted for mother’s age,

maternal type 1 diabetes, paternal type 1 diabetes, parity, household income,

mother’s education, father’s education, mother’s country of birth, father’s
country of birth, population density, other animal (farm animal or dog), and
geographic location. Adjusted for population density and geographic location
by stratifying on parish.

d At least 1 of the parents had type 1 diabetes.
e Neither of the parents had type 1 diabetes.

Table 3. Association Between Dog Exposure During the First Year of Life and Childhood-Onset Type 1 Diabetes

Characteristic

No.

Crude HR (95% CI)

Stratified by Parish, No.b

Adjusted HR (95% CI)cTotala Events Total Event
No. of dogs in the household

1 79 479 187 1.17 (1.00-1.36) 44 767 187 1.07 (0.91-1.26)

2 16 216 28 0.94 (0.64-1.38) 8169 28 0.79 (0.54-1.15)

≥3 6340 6 0.53 (0.24-1.18) 2765 6 0.50 (0.23-1.12)

None 738 558 1778 1 [Reference] 524 909 1776 1 [Reference]

Abbreviation: HR, hazard ratio.
a Children born in Sweden between January 1, 2001, and December 31, 2010,

and followed up to September 30, 2012. Follow-up started at age 1 year.
b Only parishes with both cases and controls.
c Cox proportional hazards regression models adjusted for mother’s age,

maternal type 1 diabetes, paternal type 1 diabetes, parity, household income,
mother’s education, father’s education, mother’s country of birth, father’s
country of birth, population density, farm animal exposure, and geographic
location. Adjusted for population density and geographic location by
stratifying on parish.

Table 4. Association Between Dog Exposure During the First Year of Life and Childhood-Onset Type 1 Diabetes

Breed Group

No.

Crude HR (95% CI)

Stratified by Parish, No.b

Adjusted HR (95% CI)cTotala Events Total Event
Sheepdogs and cattledogs 9712 23 1.01 (0.67-1.52) 5521 23 0.89 (0.59-1.35)

Pinschers, Schnauzer, Molossoid,
Swiss Mountain, cattledogs

13 908 31 1.08 (0.76-1.54) 7953 31 0.98 (0.69-1.41)

Terriers 7759 17 1.23 (0.77-1.99) 4458 17 1.18 (0.72-1.92)

Dachshunds 1798 5 1.15 (0.48-2.75) 923 5 1.01 (0.41-2.50)

Spitz and primitive types 5791 9 0.72 (0.37-1.38) 2842 9 0.53 (0.28-1.00)

Scent hounds and related breeds 4634 10 0.93 (0.50-1.72) 2354 10 0.82 (0.44-1.55)

Pointing dogs 2869 3 0.45 (0.15-1.40) 1750 3 0.39 (0.13-1.12)

Retrievers, flushing dogs, water dogs 15 782 58 1.70 (1.29-2.24) 9121 58 1.60 (1.22-2.11)

Companion and toy dogs 6843 15 1.23 (0.72-2.11) 4202 15 1.15 (0.67-1.98)

Sighthounds 797 1 0.55 (0.08-3.93) 489 1 0.53 (0.07-3.82)

Mixed 21 639 35 0.98 (0.70-1.38) 10 940 35 0.91 (0.64-1.28)

No dogs 738 558 1778 1 [Reference] 522 759 1776 1 [Reference]

Abbreviation: HR, hazard ratio.
a Children born in Sweden between January 1, 2001, and December 31, 2010,

and followed up to September 30, 2012. Follow-up started at age 1 year.
b Only parishes with both cases and controls.
c Cox proportional hazards regression models adjusted for mother’s age,

maternal type 1 diabetes, paternal type 1 diabetes, parity, household income,
mother’s education, father’s education, mother’s country of birth, father’s
country of birth, population density, farm animal exposure, and geographic
location. Adjusted for population density and geographic location by
stratifying on parish.

Research Original Investigation Dog Exposure During the First Year of Life and Type 1 Diabetes in Childhood

668 JAMA Pediatrics July 2017 Volume 171, Number 7 (Reprinted) jamapediatrics.com

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.0585


The study has some limitations. First, the exposure mea-
sure likely has some degree of misclassification. Although dogs
are required by law to be registered, approximately 80% of the
total dog population in Sweden is registered. The coverage is
probably higher in the end of the study period than in the be-
ginning. However, restricting our study cohort to children born
between 2006 and 2010 did not change the results. In addi-
tion, the information on the dog death dates was incomplete
and we assumed a maximum life-span of 10 years. However,
changing to 8 or 12 years had no effect on the results. We also
lacked information about exposure to animals outside the
home, visiting dogs, and if the registered dog was an indoor
or outdoor dog, which could modify the exposure to the child.

We find it most likely that the misclassification of dog expo-
sure is nondifferential and the bias-corrected incidence rate ra-
tio did not differ substantially from the observed incidence rate
ratio, alleviating concerns of misclassification bias. Furthermore,
children whose parents work on farms not located close to their
home will be misclassified as farm animal exposed. Most farms
in Sweden are managed as a family business; therefore, we think
thattheriskofmisclassificationislowandwillprobablyyieldonly
a small underestimation of a potential farm animal effect. An-

other limitation was that we were not able to ensure that the par-
ents worked on a farm during the child’s entire first year of life.

Second, the SPDR contains prescriptions from July 1, 2005;
therefore, children with type 1 diabetes who died or emi-
grated before that date could have been misclassified. How-
ever, in our study only 1 child had a type 1 diabetes diagnosis
in the National Patient Register and emigrated before July 1,
2005 (no child died); thus, the late start of the SPDR had no
effect on our results. Moreover, although we believe that our
study is the largest to date, the number of children exposed
to farm animals was low and we had a limited number of chil-
dren who had a parent with type 1 diabetes, which limited the
power in these analyses.

Conclusions
In our nationwide study we did not find evidence supporting
an association of register-derived measures of animal expo-
sure with childhood diabetes in the general population. Ad-
vice on exposing children to animals to lower the risk for type
1 diabetes is likely not effective.
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