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Abstract
Purpose We sought to assess whether a dog can be trained to distinguish obstructive sleep apnea patients from healthy controls
based on the olfactory detection of urine.
Methods Urine samples were collected from 23 adult male obstructive sleep apnea patients and from 20 voluntary adult male
volunteers. Three dogs were trained through reinforced operant conditioning.
Results Two of the three dogs correctly detected two thirds of obstructive sleep apnea patients (p < 0.000194 and p < 0.000003,
respectively).
Conclusions We found that dogs can be trained to distinguish obstructive sleep apnea patients from healthy controls based on the
smell of urine. Potentially, dogs could be utilized to identify novel biomarkers or possibly screen for obstructive sleep apnea.
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Introduction

The olfactory sensitivity of a dog is 10,000 to 100,000 times
that of humans. This stems from the olfactory organ size,
neuronal density, the number of functional genes, and the
anatomic structures influencing the odorant transport [1].
Olfaction-based detection dogs are utilized by the military,
police, and customs authorities to detect explosives, miss-
ing persons, or narcotics. In addition, detection dogs have
been successfully trained to sniff and identify a number of
more peculiar things such as screwworms [2], bed bugs [3],
fire ants [4], sarcoptes-infected animals (Sarcoptes scabiei)
[5], and even cows in estrus [6].

Any disease, such as cancer, diabetes, or infections,
causes metabolic changes leading to volatile organic com-
pounds that may be detected from the blood, breath, or urine
[7]. Medical detection dogs stem from the olfactory detec-
tion of these metabolic changes. Reports on the use of med-
ical detection dogs cover diabetes, cancers, and infectious

diseases. For instance, diabetes alert dogs have been trained
to react to hypoglycemia. Both successes and failures have
been reported [8,9]. The ability of dogs to detect a malig-
nancy, such as melanomas [10,11], prostate cancer [12,13],
or lung cancer [14,15], has been studied yielding sensitivi-
ties ranging from 56 to 99% and specificities ranging from 8
to 99%. Dogs have also been used to detect infections. A
trained beagle had sensitivity and specificity scores of
100% in stool samples from Clostridium difficile-infected
patients [16]. Furthermore, two independent studies report-
ed the success of dogs to detect urinary tract infections with
an overall sensitivity of around 90% [17,18].

Obstructive sleep apnea (OSA) results in hypopnea/ap-
nea, oxygen desaturation, and sleep arousals. Patients with
severe untreated OSA have a twofold increased risk of all-
cause mortality. Other adverse outcomes of OSA include an
increased risk of motor vehicle accidents and diminished
cognitive performance and quality of life. The estimated
prevalence of sleep apnea in the USA is approximately
16% for mild OSA and 10% for moderate to severe OSA.
Risk factors for OSA include being male, older, and post-
menopausal, as well as having a higher body mass index
(BMI) and anatomical abnormalities [19,20].

The diagnostic standard for OSA is overnight
polysomnography (PSG). However, PSG can interfere
with sleep quality and is considered labor-intensive, un-
comfortable, and expensive. Thus, screening question-
naires have been developed to identify OSA, two of which
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have been properly been evaluated in primary care or
among general populations. The sensitivity ranges from
37 to 91% and specificity from 80 to 84% depending on
the apnea-hypopnea index (AHI) cut-off point and patient
population [19,20].

Proteomics and metabolomics have been used to iden-
tify biomarkers for OSA. Xu and co-authors reviewed 30
studies evaluating putative OSA biomarkers, including 13
urine studies. The abnormal expression of more than 100
proteins or metabolites was reported among OSA patients
and controls [21]. For example, leukotriene E4 and neu-
rotransmitter metabolites homovanillic acid and 3,4-
dihydroxyphenylacetic acid are increased in selected
OSA patients [22–24]. Despite changes in urine proteins
and metabolites, reports remain inconsistent and cannot be
utilized in clinical practice. Thus, we sought to study if
the metabolic changes of OSA patients could be identified
through olfactory-based detection dogs.

Methods

The dogsThree dogswere trained: a German SpitzMittel (dog
1), a Labrador retriever (dog 2), and a German shepherd (dog
3). All dogs and trainers had previous experience in olfactory-
based detection. The German Spitz Mittel was previously
trained and tested on the detection of pediatric urinary tract
infections caused by E. coli [18].

The training The training period was 2 to 3 months, approxi-
mately three to five times a week, with each session lasting
about 10 min. The training was based on rewards in which
correct detection was rewarded with treats (reinforced operant
conditioning). The dog was taught to pick up the desired cup
from among four cups based on smell detection. The cups
were placed in a line of four, each separated by a distance of
approximately 30 cm.

Patients and urine samples Urine samples were collected
from 23 adult male OSA patients who visited the Sleep
Unit of Helsinki University Hospital between November
2016 and May 2017. We included patients who were male,
> 18 years and AHI > 15. Control samples were collected
from 20 voluntary adult male volunteers, age > 18 years,
BMI < 30, and with no symptoms or any suspicion of OSA.
Urine samples were fractioned into small microcentrifuge
tubes and frozen (− 18 °C, aliquots of approximately 0.5 ml
each). Eight patient samples and ten control samples were
used for training only. The remaining 15 patient samples
and 10 control samples were used for testing only.
Demographic data, BMI, medical comorbidities, and
smoking data were asked from the patients and confirmed
from the hospital records (Table 1).

The test Testing was performed at the home of the detection
dog. The owner was given 30 rows, with four urine samples
per row. The rows were numbered 1 to 30 and each tube in a
row was labeled from A to D. One of the tubes in each row
contained urine from a patient with OSA (positive sample),
with the remaining three samples taken from negative

Table 1 Patient and control demographics

Age AHI BMI Smoking status Comorbidity

Patients used in training

1 80 24.7 24.8 Ex-smoker Hypertension

2 36 17.8 31.9 – –

3 32 49 23.9 Ex-smoker –

4 47 80 40.6 Ex-smoker Hypertension

5 50 99 41.7 – Asthma

6 48 137.3 48.3 Yes Hypertension

7 34 15 31 Ex-smoker Hypertension

8 36 68 29.1 – Hypertension

Patients used in testing

9 35 23 28.4 Yes –

10 41 35 25.7 Yes –

11 56 29 26.9 Ex-smoker –

12 73 62 35.2 Ex-smoker Hypertension,
CAD

13 55 18.8 33.3 Ex-smoker Hypertension

14 39 71 32 Ex-smoker Bipolar

15 88 62 37 Ex-smoker Hypertension,
diabetes

16 64 43 29.3 – Hypertension

18 55 49.8 31.3 – Hypertension,
atopy

19 54 105 53.7 Ex-smoker Hypertension

20 64 63 34.7 – Hypertension,
diabetes

21 72 35 21.2 – Parkinson

22 65 75 37.7 – Hypertension

23 68 73 28 – Hypertension,
CAD, diabetes

24 65 87 29 Ex-smoker Renal insufficiency

Controls used in testing

17 29 n/a 23.1 – –

30 38 n/a 23.0 – –

31 46 n/a 26.8 Ex-smoker –

32 51 n/a 23.0 – –

33 40 n/a 26.3 – –

34 18 n/a 21.4 – –

35 20 n/a 23.2 – –

36 23 n/a 21.5 – –

37 56 n/a 26.1 – –

38 36 n/a 25.2 – –

n/a not applicable
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controls. All 15 positive samples were included in two rows.
The owner of the dog was blinded to avoid any possible
signaling between the owner and the dog. The owner sent
the letter of each dog’s choices (A–D) by mobile phone.
Only one selection per row was allowed with no possibility
of refusal (Table 2).

StatisticsAn independent consultant from Elisa Appelsiini Oy
(Helsinki, Finland) completed all statistical analyses.
Confidence limits and hypothesis tests based on the binomial
distribution of a single proportion were calculated. The mea-
sured proportions for the correct selection were compared to
the hypothesized proportion of 0.25.

The ethics The study protocol was approved by the ethics
committee of the Helsinki University Hospital (Dnro 168/
13/03/00/16). Written informed consent was obtained from
all participating patients.

Results

OSA urine vs. controls All 15 positive samples appeared
twice in the test (30 rows). Dog 1 correctly detected 18/
30 rows (60%, p < 0.000194, 95% confidence limits 0.41–
0.77). She correctly detected 10/15 patient samples at least
once and 8/15 correctly both times. Dog 2 correctly detect-
ed 20/30 rows (67%, p < 0.000003, 95% confidence limits
0.47–0.67). She correctly detected 13/15 patient samples at
least once and 7/15 correctly both times. Dogs 1 and 2

detected 6/15 positive samples twice (samples 11, 15, 18,
20, 21, and 23). Dogs 1 and 2 failed to detect 2/15 samples
both times (samples 12 and 19). Dog 3 performed no better
than by chance, correctly detecting only 5/30 rows (17%,
p < 0.33, 95% confidence limits 0.06–0.35; Table 2). The
dogs succeeded or failed to identify OSA patients regard-
less of their age, AHI, BMI, medical comorbidities, or
smoking status.

Two dogs were consistent and unanimous in detecting 6 of
the 15 positive samples. These patients did not differ from
other patients in terms of age, BMI, other diseases, medica-
tion, or smoking habits.

Discussion

In this study, we demonstrated that dogs can be trained to
distinguish OSA urine from control urine samples based on
olfaction. Two of our three dogs correctly detected two
thirds of the selected OSA patient samples with an impres-
sive p value (p < 0.000194 and p < 0.000003). This detec-
tion rate is comparable to questionnaires, clinical prediction
tools, and portable sleep monitors, in which the sensitivity
varies from 43 to 64% and the specificity varies from 80 to
92% [25]. Furthermore, the use of detection dogs is more
economical and faster, although we did not specifically
evaluate this in our study.

The dogs in our study consisted of the adult pet dogs of
the members of the research team. In previous medical de-
tection dog studies, the age and breed of the dogs have
varied greatly. Polgar and co-authors demonstrated that
breeds selected for scent seem to have a better olfactory
capacity than short-nosed or non-scent breeds [26].
However, odor-detection work is far more complicated than
olfactory capacity. That is, the dogs also need to have a
motivation to work. This complexity may lead to surprises.
For instance, Hall et al. compared the olfactory discrimina-
tion ability of German shepherds, pugs, and greyhounds.
Contrary to expectations, pugs outperformed the German
shepherds, and unsurprisingly, nine out of ten greyhounds
failed the training because of a lack of motivation [27].

Our proof-of-concept study does have limitations. First,
the set-up of Bone out of four^ is not clinically meaningful.
We did not perform a PSG on our control subjects, although
it is unlikely that they have moderate or severe OSA given
that they were asymptomatic and not overweight [28]. If our
controls did have OSA, this would have caused a negative
bias, rendering these results even more impressive. In addi-
tion, we only studied male patients since we wanted our
proof-of-concept population as homogenous as possible.
In addition, freezing might have affected the metabolomics
of the OSA urine samples. However, control and patient
urine samples were handled identically, thus minimizing

Table 2 Dog 1 correctly
detected 10/15 patient
samples at least once and
8/15 correctly both
times. Dog 2 correctly
detected 13/15 patient
samples at least once and
7/15 correctly both
times. Dog 3 performed
no better than by chance

Patient Dog 1 Dog 2 Dog 3

9 0 1 0

10 2 1 1

11 2 2 1

12 0 0 0

13 2 1 0

14 0 1 0

15 2 2 0

16 1 1 0

17 0 2 0

18 2 2 0

19 0 0 0

20 2 2 2

21 2 2 1

22 1 1 0

23 2 2 0

p 0.000 0.000 0.33

0, no detection; 1, correct detection (once);
2, correct detection (twice)
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any such distortions. Since dogs are living creatures, the
training is always exposed to a subjective bias. Finally, a
dog’s detection accuracy may vary due to many factors,
such as a decreased motivation or energy levels or a con-
founding test environment.

To conclude, future screening tools forOSAmight consist
of objective laboratory parameters. The altered expression of
numerous different proteins and metabolites has been iden-
tified in the urine ofOSApatients, reflecting the activation of
the sympathetic nervous system followed by oxidative stress
and systemic inflammation. Despite multiple studies inves-
tigating possible biomarkers for OSA, these results are in-
consistent and far from being clinically applicable [21]. Two
of our dogs consistently and unanimously identified 6 of the
15 positive samples. We believe that these OSA patients
share an unknown protein or metabolite which was detected
by the dogs. Metabolomic analyses of these patients’ urine
might reveal novel metabolites suitable for more traditional
laboratory diagnostics for OSA.
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