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ABSTRACT

INTRODUCTION  Olfactory function is impaired in patients with type 1 diabetes and can be recognized
as a form of diabetic neuropathy. Physical activity has various beneficial effects on type 1 diabetes.
0BJECTIVES The aim of this study was to assess a relation between physical activity and olfactory
function in patients with type 1 diabetes.

PATIENTS AND METHODS ~ We enrolled 120 patients with type 1 diabetes referred to an outpatient diabetes
clinic. Patients with diabetes duration of less than 5 years, age above 65 years, concomitant diabetic
ketoacidosis, and those using drugs affecting nasal mucosa were excluded. The final study sample in-
cluded 90 patients. A control group comprised 22 healthy participants. Olfactory function was assessed
using 12 odor-emitting pens called Sniffin" Sticks. Physical activity was measured using the short version
of the International Physical Activity Questionnaire (IPAQ-SF).

ResuLTs There was a significant difference in the occurrence of hyposmia between diabetic patients
and healthy controls (70.0% vs 45.5%, respectively; P = 0.03). There were no significant differences
in IPAQ-SF results between the groups. Moreover, IPAQ-SF results correlated positively with olfactory
test scores (r = 0.25; P = 0.02) and negatively with age. Additionally, patients with retinopathy and
autonomic neuropathy obtained lower IPAQ-SF scores than patients without those complications. A step-
wise multivariable linear regression analysis indicated IPAQ scores, body mass index, and peripheral

neuropathy as predictors of the olfactory test score (R = 0.2).

CONCLUSIONS
the structures of the central nervous system.

INTRODUCTION Type 1 diabetes is an autoim-
mune disease leading to absolute insulin deficien-
cy and its metabolic consequences. The incidence
of type 1 diabetes shows an increasing trend, and
by 2020, the number of newly diagnosed patients
under 5 years old will have doubled in compari-
son with 2005." Importantly, a wide range of neu-
rovascular complications is recognized as a re-
sult of inadequate metabolic control of diabetes.
The most common complication of type 1 diabe-
tes is diabetic polyneuropathy; however, intensive
insulin treatment reduced its overall risk by 60%.
In some patients with diabetes, central forms of
neuropathy may also be diagnosed.

Olfactory dysfunction frequently occurs to-
gether with neurodegenerative diseases such as
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Our study confirms the beneficial role of physical activity in type 1 diabetes within

Alzheimer disease or Parkinson syndrome.® Cur-
rently, it is known that olfaction is impaired also
in patients with type 1 diabetes. Not only the sen-
sitivity of olfaction is impaired but also the ca-
pacity for distinction of particular smells in com-
parison with controls.? Moreover, olfactory dys-
function is related to the presence of diabetic
neuropathy.®* It is highly probable that mild ol-
factory dysfunction unveils central neuropathy
at an early stage.’

In the past, physical activity constituted
a great therapeutic challenge both for patients
and for doctors, owing to higher risk of hypo-
glycemia. Nowadays, with advances in the ther-
apy of type 1 diabetes and with increased knowl-
edge of the importance of safe physical activity



TABLE 1 Characteristics of the study participants
Parameter Study group Control group P value
(n = 90) (n=22)
Age, y, median (IQR) 35.5 (29-42) 38.5 (30-45) 0.3
Female sex, n (%) 47 (52.2) 17(77) 0.03>
IPAQ, score, median (IQR) 1556 (960-3291) 1968 (1257-3573)  0.2¢
Hyposmia, yes, n (%) 63 (70) 10 (45.5) 0.03>
Smoking, yes, n (%) 21(23.3) 2(9.1) 0.1
Type 1 diabetes duration, 18 (13-26) - -
y, median (IQR)
HbA, ., %, median (IQR) 8.2 (7.3-9.0) - -
BMI, kg/m?, median (IQR)  25.0 (22.6-27.3) 24.0 (22.0-24.7) 0.2
Retinopathy, yes, n (%) 46 (51.1) - -
Neuropathy, yes, n (%) 25 (27.8) - -
Chronic kidney disease, 12 (13.3) - -

yes, n (%)

a Mann—-Whitney test;

b Fisher exact test

Abbreviations: BMI, body mass index; HbA, , glycated hemoglobin A, ; IPAQ,
International Physical Activity Questionnaire; IQR, interquartile range

in these patients, physical exercise should no
longer be avoided; quite the opposite, it has be-
come increasingly prescribed in this group of
patients.® We notice the same positive effects
of physical exercise in patients with diabetes
as in the group of healthy controls. Sport low-
ers blood pressure, improves serum lipid levels,
and reduces abdominal fat.” Additionally, phys-
ical activity decreases insulin resistance, which
in turn lowers insulin needs and decreases gly-
cated hemoglobin A, (HbA, ) levels.® The mech-
anisms of the healthy impact of physical activity
include the phosphorylation of AMP-activated
protein kinase (AMPK) that activates the en-
zyme. Subsequently, the activated AMPK elic-
its glucose transport and desirable lipid metab-
olism.? An inverse association between physi-
cal activity and retinopathy or microalbumin-
uria has been reported among adults with type
1 diabetes.® Moreover, a positive effect of regu-
lar aerobic exercise on laboratory parameters in
type 2 diabetes patients with diabetic peripheral
neuropathy was noted already after 8 weeks.!’ To
our knowledge, no such research has been con-
ducted for type 1 diabetes. Therefore, the aim of
this study was to assess olfactory function in re-
lation to the intensity of self-reported physical
activity in patients with type 1 diabetes.

PATIENTS AND METHODS The study was per-
formed in the Department of Internal Medi-
cine and Diabetology at the Poznan Universi-
ty of Medical Sciences, Poznan, Poland, in coop-
eration with the Department of Otorhinolaryn-
gology of the Raszeja City Hospital in Poznan.
It was conducted in accordance with the guide-
lines of the Declaration of Helsinki on biomedi-
cal research involving human subjects and was ap-
proved by the Bioethical Committee of the Poznan
University of Medical Sciences. All participants
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provided written informed consent before enroll-
ment to the study.

Study population We enrolled 120 patients with
type 1 diabetes referred to an outpatient clinic.
The exclusion criteria were as follows: diabetes
duration of less than 5 years, age above 65 years,
diabetic ketoacidosis at enrollment, use of drugs
affecting nasal mucosa (antihistamines, local ste-
roids). We excluded 14 patients owing to nasal pa-
thologies potentially affecting the sense of smell
(acute or chronic sinusitis, rhinitis, nasal polypo-
sis, severe nasal septum deviations). Another 16
patients refused to participate in the study. The fi-
nal study sample included 90 patients. The con-
trol group consisted of 22 healthy individuals.

Data collection All patients underwent a full
physical examination, including anthropomet-
ric measurements. We used standard diagnos-
tic criteria to assess the metabolic control of di-
abetes and the presence of diabetic retinopathy
(DR), peripheral neuropathy, and diabetic kid-
ney disease.'""

The assessment of cardiac autonomic neu-
ropathy was performed using the ProsciCard III
program (Medi-Syst GmbH, Linden, Germany).
An electrocardiogram recording with the use of
selected standardized stimuli such as the Valsal-
va maneuver, orthostatic test, and deep breathing
was used to calculate heart rate variability and as-
sociated parameters. The results were then com-
pared with the standard values for age and sex.
Cardiac autonomic neuropathy was diagnosed if
2 of the 4 tests yielded abnormal results.

Blood samples were obtained after overnight
fasting. The levels of HbA, , serum lipids, and cre-
atinine were measured using standard techniques.
The clinical characteristics of the study group are
presented in TABLE 1. Additionally, an ear, nose, and
throat examination was performed with nasal en-
doscopy (patients were asked not to drink or eat
anything but water and restrain from smoking
cigarettes for at least 1 hour prior to examination).

Evaluation of olfactory function Sniffin’ Sticks
(Burghart®, Wedel, Germany) were used to as-
sess odor identification and, using extrapolation,
estimate olfactory function. The test consisted of
12 pens emitting different well-known odors. Af-
ter removing the cap, the tip of the pen was placed
2 cm below the patient’s nostrils for 2 seconds.
Each odor was presented with the list of 4 possi-
ble answers from which only 1 was correct (best
describing the smell). The procedure was repeat-
ed for every 12 odors. The score ranged from 0
to 12 points: a range of 11 to 12 points denoted
normal olfactory function (normosmia), and of
0 to 10 points—significant olfactory dysfunction.

Assessment of physical activity Physical activity
was assessed using a questionnaire survey. Ques-
tions were asked according to the short version
of International Physical Activity Questionnaire
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TABLE 2 Correlations between laboratory parameters and olfactory function and
International Physical Activity Questionnaire score (Spearman rank correlation analysis)

Parameter r P value
Bilateral olfactory test score

Age -0.2 0.12
IPAQ 0.3 0.02
Type 1 diabetes duration 0.1 0.20
HbA, -0.1 0.27
BMI -0.2 0.03
LDL cholesterol 0.1 0.2
HDL cholesterol 0.2 0.08
TG -0.2 0.04
IPAQ

Age -0.3 0.02
Bilateral olfactory test score 0.3 0.02
Type 1 diabetes duration -0.2 0.1
HbA,, -0.1 0.5
BMI -0.04 0.7
LDL cholesterol -0.06 0.6
HDL cholesterol 0.1 0.3
TG 0.1 0.4

A P value of less than 0.05 was considered significant.

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG,
triglycerides; others, see TABLE 1

TABLE 3 Predictors of bilateral olfactory test score in a linear regression analysis;
multivariable regression model performance: #? =0.2; P <0.05

Predictors Univariable analysis Multivariable analysis
B P value ] P value

IPAQ 0.3 0.008 0.2 0.03

BMI -0.2 0.03 -0.2 0.03

Age -0.2 0.05 - -

Type 1 diabetes duration -0.07 0.5 - -

HbA, -0.03 0.7 - -

LDL cholesterol -0.1 0.5 - -

HDL cholesterol 0.2 0.06 - -

TG 0.1 0.2 - -

Chronic kidney disease -0.2 0.1 - -

Retinopathy -0.2 0.02 - -

Peripheral neuropathy -0.3 0.002 -0.3 0.007

Autonomic neuropathy -0.3 0.009 - -

The result of the univariable analysis did not exclude predictors from including them in
the multivariable analysis. All variables entered the multivariable model. Candidate
predictors were consecutively excluded according to statistical significance until all
variables in the model were significant (P <0.05).

Abbreviations: see TABLES 1 and 2
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(IPAQ-SF), following the principles outlined in
the “Guidelines of Data Processing and Analysis
of IPAQ short version”.' The questionnaire eval-
uates physical activity seperately for 3 specific
types of activity according to a metabolic equiva-
lent score (MET, a unit that is applied to estimate
the amount of oxygen used by the body during
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exercise): walking (3.3 METs), moderate-intensity
activities (6.0 METs), and vigorous-intensity ac-
tivities (8.0 METs). Participants were asked about
the activities they were involved in according to
their intensity, domain type (eg, work, trans-
portation, domestic, garden, leisure time), and
duration in the past 7 days. For each category,
MET minutes per week were calculated by mul-
tiplying the MET score by the minutes and days
of engagement; then, the scores for each type of
activity were summed up to measure the total
MET minutes per week. Previous studies showed
that the IPAQ-SF has acceptable reliability and
validity.'

Statistic analysis A statistical analysis was con-
ducted using STATISTICA 12 (StatSoft Inc., Tul-
sa, Oklahoma, United States). The results were

presented as medians of numerical variables

and number of patients for categorical variables.
The Mann-Whitney test was performed to com-
pare median IPAQ scores in the study and con-
trol groups as well as in the groups with diabetic
complications. The Fisher exact test was used to

compare the proportions of hyposmic patients in

the respective groups. Correlations between IPAQ
scores, olfactory test scores, and laboratory find-
ings were assessed by a Spearman rank correlation
analysis. A P value of less than 0.05 was consid-
ered significant. We evaluated the variables corre-
lating with olfactory test scores and subsequently
included them in a stepwise multivariable linear
regression model. A P value of less than 0.05 was

accepted as the threshold for inclusion.

RESULTS We found no differences in IPAQ scores
between diabetic patients and controls (1556
points [interquartile range (IQR), 960-3291]
vs 1968 points [IQR, 1257-3573], respective-
ly; P = 0.2). Hyposmia was found in 70.0% of
diabetic patients and 45.5% of controls (P =
0.03). IPAQ scores correlated positively with ol-
factory test scores (v = 0.25; P = 0.02). Patients
with retinopathy obtained lower median I[PAQ
scores than those without retinopathy (1306.5
points [IQR, 626.0-1830.0] vs 2442.0 points
[IQR, 1070.0-5310.0]; P = 0.005). Patients with
diabetic proliferative retinopathy showed low-
er median IPAQ scores than those with non-
proliferative retinopathy (1167 points [IQR,
596-1908] vs 1782 points [IQR, 1070-4212]; P
=0.02). Moreover, patients with autonomic neu-
ropathy showed lower median IPAQ scores com-
pared with patients without neuropathy (1053.0
points [IQR, 297.0-1422.0] vs 1773.0 points [IQR,
988.5-4239.0]; P = 0.008). We found a negative
correlation between IPAQ scores and age (r =-0.3;
P =0.02) (1aBLE 2). The stepwise multivariable lin-
ear regression analysis indicated the IPAQ score,
body mass index (BMI), and peripheral neurop-
athy as predictors of the olfactory test score (R?
=0.2) (TABLE 3).



DISCUSSION Regular physical activity improves
metabolic control and reduces the risk of chronic
diabetic complications.® Moreover, patient safety
even during high-intensity exercise in type 1 di-
abetes has been proved in a recent study.'® Pre-
vious studies have shown a relation between ol-
factory function and DR and neuropathy, sug-
gesting the olfactory impairment as an indica-
tor of central diabetic neuropathy.* In our study,
the assessment of physical activity was based on
a self-reported questionnaire, which is consid-
ered to be less precise and to overestimate the re-
sults."” It is important to emphasize that the ob-
tained results may be difficult to replicate because
there is a number of different scoring protocols
of physical activity available and there is no con-
sensus in terms of the interpretation and descrip-
tion of data provided by self-reported question-
naires.' In our study, patients declaring phys-
ical activity of higher intensity, as indicated by
the IPAQ-SF, performed significantly better in ol-
factory tests. Herbst et al'® reported that physi-
cal activity has limited effect on glycemic control
in patients with type 1 diabetes.'® However, reg-
ular physical activity improves endothelial func-
tion in these patients and thus reduces the inci-
dence of microvascular complications.'® This may
also contribute to maintaining normal olfactory
function in type 1 diabetes. Furthermore, physi-
cal activity decreases insulin demands by reduc-
ing insulin resistance. Insulin resistance is a prov-
en risk factor of microvascular complications in
patients with type 1 diabetes.?’ The pathogenesis
of decreased olfaction in these patients has not
been fully elucidated, thus making it difficult to
determine the impact of regular physical activi-
ty on olfactory function. We also found that pa-
tients with lower BMI tended to have better ol-
faction, and this observation is consistent with
other studies in the field of chemosensory func-
tion in patients with diabetes. Naka et al’' report-
ed a negative correlation of gustatory and olfac-
tory function with BMI.

In our study, we found that patients with au-
tonomic neuropathy had lower IPAQ scores com-
pared with patients without this complication.
First, we should emphasize that diabetic auto-
nomic neuropathy (DAN) is a common compli-
cation of diabetes, which may affect the cardio-
vascular, gastrointestinal, and urogenital systems.
Its prevalence varies widely depending on diag-
nostic criteria and differences in a study popula-
tion.?? The most common manifestation of DAN
is cardiac autonomic neuropathy, and, according
to a meta-analysis published in 2014, its preva-
lence in type 1 diabetes ranges from 1% to 90%.2®
Cardiac autonomic neuropathy is an important
problem owing to its contribution to poorer qual-
ity of life?* and even more life-threatening com-
plications such as arrhythmias, silent myocar-
dial ischemia, or sudden unexplained deaths.?®
Lower IPAQ scores in patients with autonom-
ic neuropathy may be a consequence of clinical
features of DAN such as orthostatic hypotension,

asymptomatic hypoglycemia, resting tachycar-
dia, and exercise intolerance. However, studies
showed that aerobic training improves cardiac
autonomic dysfunction in patients with type 2
diabetes.?6:27 Therefore, the correlation between
neuropathy and IPAQ scores could be significant
in both ways: low physical activity could be a risk
factor of neuropathy and, on the other hand, clin-
ical features of DAN could result in lower physical
activity. When considering cardiac risk, it is neces-
sary to conduct an exercise stress test before rec-
ommending an exercise program. Moreover, it is
important to monitor blood pressure, heart rate,
and blood glucose levels during the first hours of
physical activity.

In line with previous studies, we observed
a lower median IPAQ score in patients with pro-
liferative DR in comparison with patients with
nonproliferative DR. Praidou et al?® showed low-
er IPAQ scores in patients with type 2 diabetes
and proliferative DR compared with patients with
nonproliferative DR.?8 Additionally, the occur-
rence of DR in patients with type 1 diabetes was
reported to be associated with lower intensity
of total leisure-time physical activity.?’ Howev-
er, the association was not significant. Maintain-
ing good metabolic control of diabetes expressed
by HbA, levels, lipid profile, and blood pressure
remains one of the most important therapeutic
goals that prevents the development and pro-
gression of chronic complications of diabetes.
The study of Danish pediatric cohort indicated
high HbA, _levels and elevated blood pressure as
risk factors for progression of DR.?5 Owing to its
beneficial influence on metabolic control, a regu-
lar physical activity is one of the treatment recom-
mendations in diabetes.! However, we must em-
phasize that patients with proliferative DR are ad-
vised to avoid intensive physical activity, which is
associated with the risk of vitreous hemorrhage,
until the completion of laser therapy.

Olfactory function has a considerable effect
on the quality of life; therefore, it deserves great-
er attention. Smell disorders do not only affect
taste, but there is also a wide range of less obvi-
ous negative consequences of hyposmia or anos-
mia. In a Korean study,’ severely impaired olfac-
tory function was associated with lower quality
of life and cognitive performance, and higher se-
verity of depression in comparison with controls.
Lower quality of life is not the only result of ol-
factory impairment. Miwa et al®' showed an in-
creased occurrence of disability in this group of
patients. In another study,’? impaired olfaction
was a risk factor for certain injuries because nor-
mosmia allows early detection and avoidance of
potentially hazardous situations, such as cook-
ing or house fires, delayed detection of gas leaks,
and exposure to or ingestion of toxic substanc-
es.’? In our study, higher physical activity was
associated with better olfactory function; there-
fore, we can conclude that it is another argument
for recommending physical activity. Accordingly,
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the evaluation of olfactory function should be
considered in patients with type 1 diabetes.

Our study has several limitations. First, it was
not a prospective study, and the assessment of
physical activity was based on a self-reported
questionnaire, which in itself has some limita-
tions. Also investigations using the Sniffin’ Sticks
have their own specific limitations.

To conclude, a lower IPAQ score, higher BMI,
and the presence of neuropathy were predictors
of impaired olfactory function. This study con-
firms the beneficial role of physical activity with-
in the structures of the central nervous system
in patients with type 1 diabetes.
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