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Abstract: Background: Lifestyle habits strongly influence health. It is strongly believed that physical
activity may improve cognitive function. We examined the association between two kinds of physical
activity and cognitive function in patients with type 2 diabetes. Methods: Using a random allocation
sequence, 49 patients with type 2 diabetes (metformin, insulin, and diet-controlled) were randomized
to a 12-week intervention of either walking 40 min three times a week (n = 17), performing pedometer-
controlled activity (E-health, goal 10,000 steps a day, n = 17), or receiving standard care (n = 16
controls). We prospectively examined cognitive function, metabolic parameters, height, and weight.
The groups were compared using linear regression adjusted for age. Results: Compared with the
control group (n = 16), nonverbal memory improved significantly after the intervention in the walking
group (n = 16) (28.2 (+/−6.1) vs. 35.3 (+/−5.3) p < 0.001) and the E-health (pedometer) group ((n = 17)
(29.7 (+/−3.9) vs. 35.6 (+/−3.8) p < 0.001). The verbal memory test showed improvement in the
walking and E-health groups. Cognitive attention/performance measured by the FAIR-test was also
significantly enhanced in the walking group (252.4/304.3 p < 0.001, 51.87 (CI 27.13–76.62)) and the
E-health-group (85.65 (CI: 52.04–119.26, p < 0.001)). Abdominal circumference (−3 cm (CI: −9.69–3.31,
p < 0.001)), heart rate (−6.50 (CI: −9.69, −3.31, p < 0.001)) and fat percentage (−2.74 (CI: −4.71, −0.76,
p < 0.007)) changed significantly in only the walking group. Conclusions: This is the first intervention
study in patients with type 2 diabetes that shows that pedometer-supported training significantly
improves brain function. Walking additionally improves body composition and waist circumference.
Physical activity is an inexpensive treatment with substantial preventative and restorative properties
for cognitive and memory brain function in patients with type 2 diabetes.

Keywords: physical activity; diabetes mellitus; cognitive function; walking; E-health; exercise

1. Introduction

Previous studies [1,2] report the positive influence of physical activity on cognitive
function in old age patients or patients with diabetes. However, the differential effects
of physical activity on cognitive function remain to be studied, and the presented study
intended to prospectively test the influence of two different physical activities on cognitive
function in patients with type 2 diabetes.

Physical activity is one of the most important therapy tools in terms of internal
medicine [3]. Thirty minutes of physical activity daily can reduce mortality up to 31% [4].
People who are physically active are less likely to be depressed [5] or obese and have a

J. Pers. Med. 2021, 11, 530. https://doi.org/10.3390/jpm11060530 https://www.mdpi.com/journal/jpm

https://www.mdpi.com/journal/jpm
https://www.mdpi.com
https://orcid.org/0000-0002-3731-1051
https://orcid.org/0000-0002-2321-2888
https://doi.org/10.3390/jpm11060530
https://doi.org/10.3390/jpm11060530
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/jpm11060530
https://www.mdpi.com/journal/jpm
https://www.mdpi.com/article/10.3390/jpm11060530?type=check_update&version=2


J. Pers. Med. 2021, 11, 530 2 of 13

lower risk of developing colon cancer [6]. Diabetes mellitus is one of the most significant
challenges of our time [7,8]. In the upcoming years, almost a billion people will suffer
from diabetes mellitus and metabolic syndrome [8–10]. One of the many causes of obesity,
diabetes, and metabolic syndrome is a lack of exercise [11–14]. Other causes are excessive
sugar intake [15] and social circumstances [16]. Diabetes mellitus destroys neuroplasticity
and neuronal architecture, resulting in severely impaired cognition [17,18] and brain
function [19,20]. Exercise benefits mental health [21]. Physical activity positively influences
brain function [22,23] and neurogenesis [24,25]. “Run regular, age slower, be neuroplastic”
was the slogan created by Dr. Khan [26]. Generally, physical activities contribute both to
build diabetes type 2 clinical pathways in primary care [27,28] and to reduce the burden
of chronic diseases, improving public health [28]. To the best of our knowledge, only
one prospective and randomized trial about physical activity and cognition in patients
with diabetes has been conducted and was performed from 2014–2016 in sedentary older
patients [2]. Participants who could walk 400 m in 15 min were asked to walk three to
four times a week for 30 min at a moderate intensity [2]. Patients with diabetes showed a
greater improvement in mental function in the LIFE trial than patients without diabetes.
The quote “exercise is brain food” indicates that physical activity leads to a significant
improvement in cognitive function [29].

2. Methods

Type 2 diabetic patients (26 men/23 women, stably controlled with diet and/or
metformin or insulin for at least six months) were randomized to the walking group
(n = 16), the E-health group (pedometer, n = 17), or the control group (n = 16).

Participant characteristics are shown in Table 1. Participants were excluded if they
suffered from any cardiac conditions, were regularly physically active (≥60 min moderate-
vigorous activity per week), or had any contraindications to exercise stress testing according
to the guidelines [30] or a trial conducted by Cassidy et al. [31].

Table 1. Baseline characteristics and comparison of the three examined groups. BMI: Body Mass
Index, BSA: Body Surface Area, HR: Heart Rate, BP: Blood Pressure, VO2 max abs: Oxygen uptake
absolut, VO2 max rel: Oxygen uptake in kg/mL/min.

Control (n = 16)
Mean (sd)

Walking (n = 16)
Mean (sd)

E-Health (n = 17)
Mean (sd) p-Value *

Age, years 59.1 (8.5) 60.4 (5.9) 56.4 (8.8) 0.310
Weight, kg 98.6 (16.5) 96.7 (15.4) 103.7 (18.0) 0.478

BMI 33.8 (4.4) 34.4 (4.6) 33.8 (5.2) 0.924
BSA acc. to Mosteller 2.16 (0.23) 2.12 (0.21) 2.24 (0.22) 0.259

Muscle mass, kg 60.7 (12.9) 55.4 (11.3) 63.8 (10.0) 0.092
%Bodyfat 35.5 (7.5) 39.5 (8.7) 34.6 (7.0) 0.194

Waist circumference 114.1 (11.6) 114.2 (10.4) 116.3 (14.5) 0.868
HR rest 77.6 (11.3) 76.4 (10.7) 75.3 (9.3) 0.819

BP syst rest 137.9 (12.6) 140.6 (11.7) 135.7 (12.6) 0.521
BP diast rest 84.4 (6.3) 83.0 (8.6) 81.2 (7.6) 0.426
VO2 max abs 1.78 (0.67) (n = 10) 1.59 (0.39) (n = 14) 1.97 (0.43) (n = 14) 0.067
VO2 max rel 18.1 (5.6) (n = 10) 16.4 (3.4) (n = 14) 19.9 (3.5) (n = 14) 0.039

Haemoglobin g/dL 14.2 (1.3) 14.9 (1.2) 14.6 (1.3) 0.266
HbA1c % 7.0 (1.3) 7.3 (1.3) 6.9 (0.8) 0.467

HbA1c mmol/mol 52.8 (14.5) 56.6 (14.0) 51.2 (8.4) 0.420
Blood sugar 154.9 (41.9) 156.9 (39.8) 144.1 (29.0) 0.499

Cholesterol mg/dL 186.0 (29.1) 199.0 (40.0) 193.3 (43.6) 0.563
Triglycerides mg/dL 199.9 (64.9) 185.7 (114.5) 237.6 (173.5) 0.596

Cholesterol HDL mg/dL 50.2 (10.8) 52.4 (13.3) 45.9 (12.5) 0.342
Cholesterol LDL mg/dL 112.6 (33.8) 121.2 (32.7) 113.6 (35.2) 0.738
Cognitive performance 240.1 (35.6) 252.4 (66.8) 266.6 (80.8) 0.435

Quality value (%) 89.8 (13.2) 91.0 (10.0) 88.6 (9.3) 0.777
Continuity value 230.1 (63.2) 228.2 (61.6) 243.4 (83.2) 0.824
Verbal memory 60.0 (19.9) 66.4 (11.3) 62.9 (15.9) 0.510

Nonverbal memory 32.4 (4.9) 28.2 (5.1) 29.7 (3.9) 0.061
* F-Test. HDL: High Density Lipoprotein, LDL: Low Density Lipoprotein.
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The institutional review board of University Witten-Herdecke (184/2015) approved
the trial. Informed consent was obtained from all participants. Participation was voluntary,
and participants were free to withdraw from the study at any time without negative
consequences. Data collection was performed in accordance with the guidelines set by the
Declaration of Helsinki. We recruited participants by advertising through local newspapers,
social media, contacts in practices, and diabetes community groups between October 2016
and January 2017.

Spiroergometry [32,33] was performed in the following manner: after successful gas
and volume calibration, we completed the stress test beginning at 50 watts, continuously
increasing by 25 watts every 2 min (ramp test). The test was accomplished when the
participant could not maintain the predefined cadence of 80/min or if the participant
was subjectively exhausted and there was no further increase in VO2 max after 20 s.
Spiroergometric analyses were conducted as previously described [32,34]. The ventilator
aerobic threshold (VAT) was defined as the first nonlinear increase in VCO2 output in
relation to oxygen uptake [35]. The respiratory compensation point (RCP) was defined as
the simultaneous nonlinear increase in both ventilatory equivalents and the crossing of CO2
output above the VO2 intake according to the previously described recommendations [35].
Body weight and body composition were determined using a Tanita BC-418MA segmental
body composition analyzer [36]. The participants were instructed to wear only comfortable
shorts during this test.

Blood was collected via venipuncture and analyzed (MVZ Dr. Stein + Kollegen,
Mönchengladbach). Serum triglycerides, total cholesterol, and high-density lipoprotein
(HDL) cholesterol were measured by enzymatic methods; fasting glucose was measured
via the hexokinase method. Low-density lipoprotein (LDL) cholesterol was determined
using the Friedewald equation. Height (stadiometer) and weight (digital scales) were
measured without shoes to the nearest 0.5 cm and 0.1 kg, respectively. Blood pressure was
measured three times in the seated position after ≥5 min of rest using an automated blood
pressure monitor (Boso).

2.1. Experimental Protocol and Randomization

After initial screening, spiroergometry, body composition, and blood variables were
measured at baseline and after 12 weeks of the walking intervention (40 min three times
a week), pedometer-supported physical activity control (goal of 10,000 steps a day), or
continued standard care. A fourth group was created (HIIT training), but some participants
did not accept this training, and at the end, there were only six participants in this group,
so they were not evaluated.

Participants were randomized into groups using a simple random list (performed by
our statistical support (P-Point)). Concealed envelopes with consecutive numbers were
locked in a drawer and withdrawn in numerical order by the primary author.

A total of 387 patients were screened for the possibility of participating; 317 did
not fulfil the criteria, and 70 were randomized. Sixteen patients were assigned to the
control group and 18 to each of the intervention groups. Ten patients withdrew for
unrelated or medical reasons after randomization in the other group, and five had to be
excluded for technical reasons. In the E-health group, 18 patients started, one dropped out.
Finally, the data of 17 patients from the E-health group were evaluated. 18 patients were
randomized into the walking group, 16 started with walking, and all 16 were evaluated.
All 16 randomized patients to the control group were evaluated. Eighteen patients were
randomized to the high-intensity interval training (HIIT) group, ten (10) started with the
study, but only 6 finalized the course of 12 weeks. The HIIT group had to be dissolved
because too many patients dropped out (Figure 1).
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2.2. Measurement of Cognitive Function

We used the FAIR-Test 2 to measure attention [37]. The revised version of the FAIR-
Test 2 has been available since 2011. This test provides an error-corrected performance
value P (referred to as the working pace). Additionally, FAIR 2 provides a quality value Q
(a measure of caring and relative accuracy in the processing of the task = proportion of the
concentrated judgements out of all judgements) and continuity value K (calculated as the
product of L and Q; as the extent of the continuously given concentration).

2.3. Verbal (VM) and Nonverbal Memory (NVM)

Determining the verbal memory (VM), the test participants initially read aloud simple
sentences and later short stories. The text should be reproduced with the same words. The
number of correctly reproduced words was determined, where only the same terms were
counted, and no nouns replaced by personal pronouns were evaluated [38].

The nonverbal memory capacity (nV) was determined by showing the participants
pictures that should be recognized. The images consisted of simple objects but also abstract
constructions. For this purpose, the participant was shown a picture for five seconds. Then,
the picture should be recognized among several different pictures. This should be done
within 20 s. If the participant failed in the first attempt, another 10 s were given for a
second try. Each picture recognized in the first attempt received two points; for correctly
identified images in the second attempt, one point was awarded, otherwise, no points
were given. If the participant achieved zero points twice in a row, the test was ended, and
the points were added. The maximum number of points that could be achieved was 92.
The pictures shown were age-dependent. The test could be evaluated if two tasks were
answered correctly at the beginning. The points achieved were added up at the end. A
maximum of 113 points could be obtained [37–39].

3. Results

All participants in the walking group completed the intervention with 40 min walking
3x/week. In the E-health group, 88.24% of the 12 weeks steps targets were completed. The
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mean value of the reached steps in the e-health group was 8774/day (standard deviation
3995/day).

Participant processing and the number of randomized participants are shown in
Figure 1. Finally, we evaluated 16 participants in the control group, 16 participants in
the walking group, and 17 participants in the E-health (pedometer) group. The groups
were well matched for all baseline characteristics (Table 1). The differences from pre- to
post-intervention are listed in Table 2.

Table 2. Calculated differences and confidence interval. p * sigificant p < 0.05.

Control Walking E-Health

Diff. (95%-CI) p * Diff. (95%-CI) p * Diff. (95%-CI) p *

Weight kg −0.21 (−1.85, 1.43) 0.799 −1.17 (−2.76, 0.43) 0.151 −0.65 (−2.24, 0.94) 0.425
BMI −0.09 (−0.64, 0.46) 0.747 −0.37 (−0.93, 0.19) 0.191 −0.24 (−0.77, 0.28) 0.364
BSA acc. to Mosteller −0.00 (−0.02, 0.02) 0.835 −0.04 (−0.08, 0.01) 0.121 −0.01 (−0.02, 0.01) 0.439
Muscle mass kg −0.12 (−1.26, 1.02) 0.838 0.82 (−0.27, 1.91) 0.140 0.00 (−0.55, 0.55) 1.000
%Bodyfat −0.09 (−1.04, 0.86) 0.857 −2.74 (−4.71, −0.76) 0.007 −0.05 (−0.81, 0.71) 0.892
Waist circumference 0.25 (−1.53, 2.03) 0.783 −3.00 (−4.41, −1.59) <0.001 −1.71 (−3.00, −0.41) 0.010
HR rest −4.00 (−10.85, 2.85) 0.252 −6.50 (−9.69, −3.31) <0.001 −2.35 (−7.14, 2.43) 0.335
BP syst rest −6.75 (−15.00, 1.50) 0.109 −8.00 (−16.55, 0.55) 0.067 −5.76 (−13.25, 1.72) 0.131
BP diast rest −4.88 (−9.78, 0.03) 0.051 −3.19 (−6.89, 0.52) 0.092 −3.06 (−6.21, 0.09) 0.057
VO2max abs −0.12 (−0.22, −0.03) 0.014 0.06 (−0.04, 0.15) 0.224 −0.09 (−0.18, 0.00) 0.061
VO2max rel −1.47 (−2.50, −0.45) 0.005 0.91 (−0.03, 1.85) 0.058 −1.18 (−2.33, −0.03) 0.044
Hemoglobin g/dL −0.02 (−0.49, 0.45) 0.937 −0.15 (−0.47, 0.17) 0.355 0.18 (−0.17, 0.53) 0.324
HbA1c % 0.04 (−0.48, 0.56) 0.888 −0.03 (−0.34, 0.29) 0.877 −0.19 (−0.47, 0.09) 0.192
HbA1C mmol/mol 0.04 (−5.64, 5.71) 0.990 −0.38 (−3.71, 2.96) 0.825 −1.84 (−4.93, 1.26) 0.245
Blood sugar −1.50 (−16.80, 13.80) 0.848 −2.56 (−22.10, 16.97) 0.797 −3.12 (−18.93, 12.69) 0.699
Cholesterol mg/dL −4.13 (−12.48, 4.23) 0.333 −14.25 (−28.20, −0.30) 0.045 −8.65 (−18.55, 1.25) 0.087
Triglycerides mg/dL −27.00 (−58.57, 4.57) 0.094 3.06 (−27.81, 33.94) 0.846 −27.06 (−71.44, 17.32) 0.232
Cholesterol HDL mg/dL −0.06 (−2.94, 2.81) 0.966 0.63 (−3.36, 4.61) 0.759 0.94 (−1.29, 3.17) 0.408
Cholesterol LDL mg/dL −11.81 (−22.65, −0.98) 0.033 −23.18 (−35.30, −11.05) <0.001 −12.81 (−21.19, −4.44) 0.003
Cognitive Performance 12.12 (−14.85, 39.10) 0.378 51.87 (27.13, 76.62) <0.001 85.65 (52.04, 119.26) <0.001
Quality value (%) −1.13 (−9.17, 6.92) 0.784 3.52 (−1.52, 8.56) 0.171 3.88 (0.85, 6.91)) 0.012
Continuity value 16.35 (−14.95, 47.66) 0.306 55.05 (26.12, 83.97) <0.001 89.94 (54.45, 125.42) <0.001
Verbal Memory 0.71 (−7.12, 8.55) 0.858 12.00 (4.79, 19.21) <0.001 7.94 (−0.84, 16.72) 0.076
Non-Verbal Memory −4.31 (−7.95, −0.67) 0.020 7.13 (3.96, 10.29) <0.001 5.88 (3.26, 8.50) <0.001

The walking group was more successful in reducing the waist circumference (−3 cm,
CI: −4.41–1.59) p < 0.001) and in reducing body fat (−2.74%/CI: −4.71, −0.76/p < 0.007)
than the control group and the pedometer group (Figure 2). The heart rate at rest changed
significantly (6.50 p/min/CI: −9.69, −3.3/<0.001). The pedometer group was more ef-
fective in reducing waist circumference than the control group (−1, 71 cm, CI: 3.00–041,
p < 0.010) (Figure 3).

Cognitive performance improved significantly (participants thought faster) in both
physically active groups (walking 51.87 (27.13, 76.62) (p < 0.001) and the E-health group
(85.65 (52.04, 119.26) (p < 0.001)). We summarized the results in Table 2.

3.1. Weight/Body Composition

In the standard care group, no significant changes were observed in any parameters
(Table 2, Figure 2). In the walking group, there was no marked tendency to change in weight
(according to the improvement in muscle mass). The mean difference was a nonsignificant
weight loss of 1.17 kg. However, body fat reduction in the walking group was 7.1% in
comparison with that at baseline. The E-health group showed no significant difference in
weight after the intervention (Figure 2).

3.2. Spiroergometry

Relative oxygen intake (VO2 max in mL/min/kg) changed in a positive direction
only in the walking group (0.91 CI: −0.03, 1.85, p < 0.058). We observed a reduction in
worsening over the 12 weeks in the control group and the same in the pedometer group.
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Achieving the step goal did not lead to measurable improvement in oxygen intake within
12 weeks. The results are shown in Table 2 and Figure 3.
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3.3. Cognition

Cognitive performance improved in both groups after the intervention (Table 2,
Figures 4 and 5). Walking and counting steps led to enhanced cognitive performance
pace and concentration. The standard care group was only asked to walk 30 min per day.
This statement alone does not lead to any changes. Values for VM improved significantly
for both intervention groups. The walking group exhibited exceptionally improved VM
values (12.00 CI: 4.79, 19.21, p < 0.001) and nonverbal memory values (7.13 (3.96, 10.29,
p < 0.001). The pedometer group showed a mental benefit in cognitive performance (85.65
(52.04, 119.26) p < 0.001) and nonverbal memory values (5.88 (3.26, 8.50) p < 0.001). VM
showed no significant improvement. The walking group showed the best results.
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4. Discussion

“Exercise makes you feel good” is a common assumption that refers to single or
repeated bouts of physical activity [40]. After our study, we can add the following: physical
activity improves cognitive function in patients with diabetes. The present research is the
first prospective randomized trial to examine the effects of a pedometer intervention (com-
pared to a walking intervention) on cognitive functions in patients with type 2 diabetes.
Today, diabetes has become a very large public health burden [41]. The decline in cognitive
function with age is an additional problem. Currently, there are approximately 1.4 billion
people over 55 years worldwide. The objective deterioration in cognitive performance ac-
celerates around the age of 50 years [22]. Physical activity enhances cognitive performance
in older people without cognitive impairment [22]. In 2003, Colcombe et al. [42] described
in a meta-analysis that aerobic training improves cognitive function in older healthy people.
Prospective intervention studies referring to cognitive function and diabetes are rare. Only
one prospective study [43] showed improved cognitive function in older patients with
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diabetes but not in people without diabetes. This intervention included walking, with
a goal of 150 min/week; strength; flexibility; and balance training [43]. A bias in the
LIVE trial was that the participants with diabetes were younger than those in the control
group [2]. In our research, there were no significant differences between the study groups.
We showed that physical activity, such as counting steps or walking a minimum number of
kilometers per week, improved nonverbal memory and cognitive performance. Walking
three times a week seems to be more effective in decreasing waist circumference and
reducing body fat. Nevertheless, step counting can help maintain cognitive function in a
similar way as walking three times a week. In older people with mild cognitive impairment
who are at risk for Alzheimer’s disease, physical activity interventions lead to a modest
improvement in cognitive function [1]. On the other hand, Eggermont et al. [44] described
in a randomized trial a lack of beneficial effects of walking programs on cognition in older
nursing home residents with moderate dementia. The authors discuss that the effect of
walking (5 × 30 min, 6 weeks) in patients with dementia was reduced because the level
of activity was low (due to cardiovascular comorbidity), which hindered any significant
improvement in cognition.

The influence of physical activity on depression is a widely studied area. It is possible
that physical activity improves depression, but a meta-analysis of 14 studies did not find
any effect of physical activity on depression [45].

These findings have not been confirmed, so the statement “physical activity improves
cognition” cannot definitively be considered false. Clinical or subjective observations are
one component of research, and prospective clinical trials are another; patient observations
differ from the results of prospective clinical trials.

In many trials with participants with dementia or cognitive impairment, the level of
the preexisting disorders was not clearly defined. That is why trials on improving cognitive
function through physical activity more often show a beneficial effect in healthy people,
but the results cannot be transferred to mentally ill individuals. A randomized trial in
older healthy women (70–93 years) revealed that an exercise routine could significantly
improve cognitive function over six months [46]. These women were mentally healthy, and
exercise interventions work in healthy people very well. The same positive influence of
aerobic exercise was described by Barcelos et al. [47]. Riding a stationary bike improves
cognition in older adults, and additional computer gaming further enhances the results.
Loprinzi et al. [48] described evidence that acute, short-duration exercise may help atten-
uate a retroactive memory interference effect. Implications of these findings in regard to
using exercise to improve memory and attenuate memory decay are discussed.

Patients in our study were mentally healthy, and their main disorder was diabetes
with all related conditions (metabolic syndrome, microangiopathy, etc.). After our study,
we can state that achieving a daily minimum or mean value of 8700 steps or walking
three times 40 min per week can improve cognition in patients with type 2 diabetes. Our
research is the first trial with participants suffering from type 2 diabetes who showed an
improvement in cognition as a result of an intervention with physical activity in a study
population without differences at baseline. The influence of physical activity or fitness
on cognition is not evident. Erickson et al. [49] comment in a review paper that there is
now substantial evidence that higher fitness levels are connected with better cognitive
health among children and older adults. The problem is to define the duration and level of
training that will improve cognitive function. The question regarding how much exercise is
enough remains widely discussed [50]. For physical fitness, 10,000 steps is one goal, but the
definition of “volume” or intensity of physical activity necessary to improve cognition is not
100% clear. This study includes a small groups of individuals, but from the statistical point
of view we reached significant differences for an interventional study (more individuals
than in the study from Cassidy et al. [31]. For the future, we have to test our results in a
greater collective.

In conclusion, from our trial, we can state that a minimum of ca. 8700 steps daily
(the mean value of our participants) should be achieved to improve cognitive function. In
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our opinion, a particular walking intervention should be preferred because its additional
effects on body composition and waist circumference are evident. Using a pedometer is
better than nothing. For future options to treat patients with diabetes, we have to improve
our infrastructure and create walking possibilities to prevent sedentary behavior [51,52].
Regarding the treatment of diabetes beyond skeletal muscle [53] and metabolic health [54],
we should be aware of the option to improve cognitive function in individuals with
diabetes through physical activity. In recent studies [53–55], the beneficial effect of exercise
on cognitive function has tended to be neglected. The cognitive impairment/improvement
mechanisms in patients with diabetes are complex [56,57], and further studies on this
issue are needed. Walking a minimum distance or counting steps (through the use of a
pedometer device) are inexpensive therapeutic options for improving brain function, which
declines in the early stage of diabetes mellitus disease [58].

Author Contributions: Study design, examinations, analysis, writing, R.L.; examinations, analysis,
writing, K.S.; examinations, walking, P.B.; study design, analysis, examinations, B.D.; study design,
analysis, writing, A.B.; study design, analysis, M.S.; study design, examinations, H.L.; study de-
sign, examinations, writing, C.E.G. All authors have read and agreed to the published version of
the manuscript.

Funding: This research did not receive any funding.

Institutional Review Board Statement: The institutional review board of University Witten-Herdecke
(Nr.184/2015) approved the trial. Informed consent was obtained from all participants. Participation
was voluntary, and participants were free to withdraw from the study at any time without negative
consequences. Data collection was performed in accordance with the guidelines set by the Declaration
of Helsinki.

Informed Consent Statement: Informed consent was obtained from all participants.

Data Availability Statement: The datasets analyzed during the current study are available from the
corresponding author upon reasonable request.

Acknowledgments: We thanks Hiltrud Niggermann for statistical support.

Conflicts of Interest: There are no conflicts of interest.

References
1. Lautenschlager, N.T.; Cox, K.L.; Flicker, L.; Foster, J.K.; Bockxmeer, F.M.; Xiao, J.; Greenop, K.R.; Almeida, O.P. Effect of physical

activity on cognitive function in older adults at risk for alzheimer disease: A randomized trial. JAMA 2008, 300, 1027–1037.
[CrossRef] [PubMed]

2. Espeland, M.A.; Lipska, K.; Miller, M.E.; Rushing, J.; Cohen, R.A.; Verghese, J.; McDermott, M.M.; King, A.C.; Strotmeyer, E.S.;
Blair, S.N.; et al. Effects of physical activity intervention on physical and cognitive function in sedentary adults with and without
diabetes. J. Gerontol. A Biol. Sci. Med. Sci. 2017, 72, 861–866. [CrossRef] [PubMed]

3. Fiuza-Luces, C.; Garatachea, N.; Berger, N.A.; Lucia, A. Exercise is the real polypill. Physiology (Bethesda) 2013, 28, 330–358.
[CrossRef]

4. Arem, H.; Moore, S.C.; Patel, A.; Hartge, P.; Berrington de Gonzalez, A.; Visvanathan, K.; Campbell, P.T.; Freedman, M.;
Weiderpass, E.; Adami, H.O.; et al. Leisure time physical activity and mortality: A detailed pooled analysis of the dose-response
relationship. JAMA Intern. Med. 2015, 175, 959–967. [CrossRef]

5. Teychenne, M.; Ball, K.; Salmon, J. Sedentary behavior and depression among adults: A review. Int. J. Behav. Med. 2010, 17,
246–254. [CrossRef]

6. Friedenreich, C.; Norat, T.; Steindorf, K.; Boutron-Ruault, M.C.; Pischon, T.; Mazuir, M.; Clavel-Chapelon, F.; Linseisen, J.; Boeing,
H.; Bergman, M.; et al. Physical activity and risk of colon and rectal cancers: The european prospective investigation into cancer
and nutrition. Cancer Epidemiol. Biomark. Prev. 2006, 15, 2398–2407. [CrossRef]

7. Aguilar, M.; Bhuket, T.; Torres, S.; Liu, B.; Wong, R.J. Prevalence of the metabolic syndrome in the united states, 2003–2012. JAMA
2015, 313, 1973–1974. [CrossRef]

8. Viswanathan, V.; Sathyamurthy, S. Global increase in the prevalence of diabetes with special reference to the middle east and asia.
Diabetes Technol. Ther. 2015, 17, 676–678. [CrossRef] [PubMed]

9. Shrivastava, U.; Misra, A.; Gupta, R.; Viswanathan, V. Socioeconomic factors relating to diabetes and its management in india. J.
Diabetes 2016, 8, 12–23. [CrossRef]

10. Guariguata, L.; Whiting, D.R.; Hambleton, I.; Beagley, J.; Linnenkamp, U.; Shaw, J.E. Global estimates of diabetes prevalence for
2013 and projections for 2035. Diabetes Res. Clin. Pract. 2014, 103, 137–149. [CrossRef] [PubMed]

http://doi.org/10.1001/jama.300.9.1027
http://www.ncbi.nlm.nih.gov/pubmed/18768414
http://doi.org/10.1093/gerona/glw179
http://www.ncbi.nlm.nih.gov/pubmed/27590629
http://doi.org/10.1152/physiol.00019.2013
http://doi.org/10.1001/jamainternmed.2015.0533
http://doi.org/10.1007/s12529-010-9075-z
http://doi.org/10.1158/1055-9965.EPI-06-0595
http://doi.org/10.1001/jama.2015.4260
http://doi.org/10.1089/dia.2015.0197
http://www.ncbi.nlm.nih.gov/pubmed/26168052
http://doi.org/10.1111/1753-0407.12316
http://doi.org/10.1016/j.diabres.2013.11.002
http://www.ncbi.nlm.nih.gov/pubmed/24630390


J. Pers. Med. 2021, 11, 530 12 of 13

11. Petersen, C.B.; Bauman, A.; Tolstrup, J.S. Total sitting time and the risk of incident diabetes in danish adults (the danhes cohort)
over 5 years: A prospective study. Br. J. Sports Med. 2016, 50, 1382–1387. [CrossRef] [PubMed]

12. Zaletel, J.; Piletic, M.; Lindstrom, J.; Icks, A.; Rothe, U.; Sorensen, M.; Maggini, M. National diabetes plans: Can they support
changes in health care systems to strengthen diabetes prevention and care? Ann. dell’Istituto Super Sanita 2015, 51, 206–208.
[CrossRef]

13. Leischik, R.; Dworrak, B.; Strauss, M.; Przybylek, B.; Dworrak, T.; Schöne, D.; Horlitz, M.; Mügge, A. Plasticity of health. Ger. J.
Med. 2016, 1, 1–17. [CrossRef]

14. Blair, S.N. Physical inactivity: The biggest public health problem of the 21st century. Br. J. Sports Med. 2009, 43, 1–2.
15. Hackethal, V. One in Two Mexicans Could Have Diabetes by 2050. Medscape Cardiology. 2015. Available online: http:

//www.medscape.com/viewarticle/855161?src=wnl_edit_tpal&uac=90759MT (accessed on 1 April 2021).
16. Walker, R.J.; Smalls, B.L.; Campbell, J.A.; Strom Williams, J.L.; Egede, L.E. Impact of social determinants of health on outcomes

for type 2 diabetes: A systematic review. Endocrine 2014, 47, 29–48. [CrossRef]
17. Biessels, G.J.; Kappelle, A.C.; Bravenboer, B.; Erkelens, D.W.; Gispen, W.H. Cerebral function in diabetes mellitus. Diabetologia

1994, 37, 643–650. [CrossRef] [PubMed]
18. Alosco, M.L.; Spitznagel, M.B.; Dulmen, M.; Raz, N.; Cohen, R.; Sweet, L.H.; Colbert, L.H.; Josephson, R.; Hughes, J.; Rosneck, J.;

et al. The additive effects of type-2 diabetes on cognitive function in older adults with heart failure. Cardiol. Res. Pract. 2012, 2012,
348054. [CrossRef]

19. Cole, A.R.; Astell, A.; Green, C.; Sutherland, C. Molecular connexions between dementia and diabetes. Neurosci. Biobehav. Rev.
2007, 31, 1046–1063. [CrossRef] [PubMed]

20. Ho, N.; Sommers, M.S.; Lucki, I. Effects of diabetes on hippocampal neurogenesis: Links to cognition and depression. Neurosci.
Biobehav. Rev. 2013, 37, 1346–1362. [CrossRef] [PubMed]

21. Penedo, F.J.; Dahn, J.R. Exercise and well-being: A review of mental and physical health benefits associated with physical activity.
Curr. Opin. Psychiatry 2005, 18, 189–193. [CrossRef] [PubMed]

22. Angevaren, M.; Aufdemkampe, G.; Verhaar, H.J.; Aleman, A.; Vanhees, L. Physical activity and enhanced fitness to improve
cognitive function in older people without known cognitive impairment. Cochrane Database Syst. Rev. 2008, 16, CD005381.
[CrossRef]

23. Currie, A.; Malik, R. Sports Psychiatry; Exercise Participation and Mental Health; Oxford University Press: Oxford, UK, 2016;
pp. 107–116.

24. Autio, J.; Stenback, V.; Gagnon, D.D.; Leppaluoto, J.; Herzig, K.H. (neuro) peptides, physical activity, and cognition. J. Clin. Med.
2020, 9, 2592. [CrossRef] [PubMed]

25. Kramer, A.F.; Erickson, K.I.; Colcombe, S.J. Exercise, cognition, and the aging brain. J. Appl. Physiol. 2006, 101, 1237–1242.
[CrossRef] [PubMed]

26. Khan, F. Run regular, age slower, be neuroplastic. Arch. Neurosci. 2017, 42, e39096. [CrossRef]
27. Rehn, T.A.; Winett, R.A.; Wisloff, U.; Rognmo, O. Increasing physical activity of high intensity to reduce the prevalence of chronic

diseases and improve public health. Open Cardiovasc. Med. J. 2013, 7, 1–8. [CrossRef]
28. Rossen, J.; Yngve, A.; Hagströmer, M.; Brismar, K.; Ainsworth, B.E.; Iskull, C.; Möller, P.; Johansson, U.-B. Physical activity

promotion in the primary care setting in pre-and type 2 diabetes-the sophia step study, an rct. BMC Public Health 2015, 15, 1–11.
[CrossRef] [PubMed]

29. Ploughman, M. Exercise is brain food: The effects of physical activity on cognitive function. Dev. Neurorehabil. 2008, 11, 236–240.
[CrossRef]

30. Thompson, W.R.; Gordon, N.F.; Pescatello, L.S. Acsm’s Guidelines for Exercise Testing and Prescription, 9th ed.; Wolters Kluwer
Health/Lippincott Williams & Wilkins: Philadelphia, PA, USA, 2014.

31. Cassidy, S.; Thoma, C.; Hallsworth, K.; Parikh, J.; Hollingsworth, K.G.; Taylor, R.; Jakovljevic, D.G.; Trenell, M.I. High intensity
intermittent exercise improves cardiac structure and function and reduces liver fat in patients with type 2 diabetes: A randomised
controlled trial. Diabetologia 2016, 59, 56–66. [CrossRef]

32. Wasserman, K.; Whipp, B.J.; Koyl, S.N.; Beaver, W.L. Anaerobic threshold and respiratory gas exchange during exercise. J. Appl.
Physiol. 1973, 35, 236–243. [CrossRef] [PubMed]

33. Guazzi, M.; Arena, R.; Halle, M.; Piepoli, M.F.; Myers, J.; Lavie, C.J. 2016 focused update: Clinical recommendations for
cardiopulmonary exercise testing data assessment in specific patient populations. Eur. Heart J. 2018, 39, 1144–1161. [CrossRef]

34. Leischik, R.; Foshag, P.; Strauss, M.; Littwitz, H.; Garg, P.; Dworrak, B.; Horlitz, M. Aerobic capacity, physical activity and
metabolic risk factors in firefighters compared with police officers and sedentary clerks. PLoS ONE 2015, 10, e0133113. [CrossRef]

35. Beaver, W.L.; Wasserman, K.; Whipp, B.J. A new method for detecting anaerobic threshold by gas exchange. J. Appl. Physiol.
(1985) 1986, 60, 2020–2027. [CrossRef]

36. Ackland, T.R.; Lohman, T.G.; Sundgot-Borgen, J.; Maughan, R.J.; Meyer, N.L.; Stewart, A.D.; Muller, W. Current status of body
composition assessment in sport: Review and position statement on behalf of the ad hoc research working group on body
composition health and performance, under the auspices of the i.O.C. Medical commission. Sports Med. 2012, 42, 227–249.
[CrossRef] [PubMed]

37. Moosbrugger, H.; Oehlschlägel, J. Fair. Frankfurter Aufmerksamkeits-Inventar. Testmanual; Huber: Bern, Switzerland, 1996.

http://doi.org/10.1136/bjsports-2015-095648
http://www.ncbi.nlm.nih.gov/pubmed/26907464
http://doi.org/10.4415/ANN_15_03_07
http://doi.org/10.19209/GJOM000001
http://www.medscape.com/viewarticle/855161?src=wnl_edit_tpal&uac=90759MT
http://www.medscape.com/viewarticle/855161?src=wnl_edit_tpal&uac=90759MT
http://doi.org/10.1007/s12020-014-0195-0
http://doi.org/10.1007/BF00417687
http://www.ncbi.nlm.nih.gov/pubmed/7958534
http://doi.org/10.1155/2012/348054
http://doi.org/10.1016/j.neubiorev.2007.04.004
http://www.ncbi.nlm.nih.gov/pubmed/17544131
http://doi.org/10.1016/j.neubiorev.2013.03.010
http://www.ncbi.nlm.nih.gov/pubmed/23680701
http://doi.org/10.1097/00001504-200503000-00013
http://www.ncbi.nlm.nih.gov/pubmed/16639173
http://doi.org/10.1002/14651858.CD005381.pub2
http://doi.org/10.3390/jcm9082592
http://www.ncbi.nlm.nih.gov/pubmed/32785144
http://doi.org/10.1152/japplphysiol.00500.2006
http://www.ncbi.nlm.nih.gov/pubmed/16778001
http://doi.org/10.5812/archneurosci.39096
http://doi.org/10.2174/1874192401307010001
http://doi.org/10.1186/s12889-015-1941-9
http://www.ncbi.nlm.nih.gov/pubmed/26164092
http://doi.org/10.1080/17518420801997007
http://doi.org/10.1007/s00125-015-3741-2
http://doi.org/10.1152/jappl.1973.35.2.236
http://www.ncbi.nlm.nih.gov/pubmed/4723033
http://doi.org/10.1093/eurheartj/ehw180
http://doi.org/10.1371/journal.pone.0133113
http://doi.org/10.1152/jappl.1986.60.6.2020
http://doi.org/10.2165/11597140-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/22303996


J. Pers. Med. 2021, 11, 530 13 of 13

38. Andrews, J.J.W. Test reviews: Reynolds, c. R., & kamphaus, r. W. (2003). Rias: Reynolds intellectual assessment scales. Lutz, fl:
Psychological assessment resources, inc. J. Psychoeduc. Assess. 2007, 25, 402–408. [CrossRef]

39. Moosbrugger, H.; Oelschlägel, J. Fair-2. Frankfurter Aufmerksamkeits-Inventar 2; Huber: Bern, Switzerland, 2011.
40. Biddle, S. Physical activity and mental health: Evidence is growing. World Psychiatry 2016, 15, 176–177. [CrossRef]
41. Danaei, G.; Singh, G.M.; Paciorek, C.J.; Lin, J.K.; Cowan, M.J.; Finucane, M.M.; Farzadfar, F.; Stevens, G.A.; Riley, L.M.; Lu, Y.;

et al. The global cardiovascular risk transition: Associations of four metabolic risk factors with national income, urbanization,
and western diet in 1980 and 2008. Circulation 2013, 127, 1493–1502. [CrossRef] [PubMed]

42. Colcombe, S.; Kramer, A.F. Fitness effects on the cognitive function of older adults: A meta-analytic study. Psychol. Sci. 2003, 14,
125–130. [CrossRef] [PubMed]

43. Gill, T.M.; Pahor, M.; Guralnik, J.M.; McDermott, M.M.; King, A.C.; Buford, T.W.; Strotmeyer, E.S.; Nelson, M.E.; Sink, K.M.;
Demons, J.L.; et al. Effect of structured physical activity on prevention of serious fall injuries in adults aged 70–89: Randomized
clinical trial (life study). BMJ 2016, 352, i245. [CrossRef]

44. Eggermont, L.H.P.; Swaab, D.F.; Hol, E.M.; Scherder, E.J.A. Walking the line: A randomised trial on the effects of a short term
walking programme on cognition in dementia. J. Neurol. Neurosurg. Psychiatry 2009, 80, 802–804. [CrossRef]

45. Lawlor, D.A.; Hopker, S.W. The effectiveness of exercise as an intervention in the management of depression: Systematic review
and meta-regression analysis of randomised controlled trials. BMJ 2001, 322, 763. [CrossRef]

46. Klusmann, V.; Evers, A.; Schwarzer, R.; Schlattmann, P.; Reischies, F.M.; Heuser, I.; Dimeo, F.C. Complex mental and physical
activity in older women and cognitive performance: A 6-month randomized controlled trial. J. Gerontol. A Biol. Sci. Med. Sci.
2010, 65, 680–688. [CrossRef] [PubMed]

47. Barcelos, N.; Shah, N.; Cohen, K.; Hogan, M.J.; Mulkerrin, E.; Arciero, P.J.; Cohen, B.D.; Kramer, A.F.; Anderson-Hanley, C.
Aerobic and cognitive exercise (ace) pilot study for older adults: Executive function improves with cognitive challenge while
exergaming. J. Int. Neuropsychol. Soc. 2015, 21, 768–779. [CrossRef] [PubMed]

48. Loprinzi, P.D.; Frith, E.; Crawford, L. The effects of acute exercise on retroactive memory interference. Am. J. Health Promot. 2020,
34, 25–31. [CrossRef] [PubMed]

49. Erickson, K.I.; Hillman, C.H.; Kramer, A.F. Physical activity, brain, and cognition. Curr. Opin. Behav. Sci. 2015, 4, 27–32. [CrossRef]
50. Tudor-Locke, C.; Bassett, D.R. How many steps/day are enough? Sports Med. 2004, 34, 1–8. [CrossRef]
51. Tao, Y.; Zhang, W.; Gou, Z.; Jiang, B.; Qi, Y. Planning walkable neighborhoods for “aging in place”: Lessons from five aging-

friendly districts in singapore. Sustainability 2021, 13, 1742. [CrossRef]
52. Bödeker, M. Walking and walkability in pre-set and self-defined neighborhoods: A mental mapping study in older adults. Int. J.

Environ. Res. Public Health 2018, 15, 1363. [CrossRef]
53. Thyfault, J.P.; Bergouignan, A. Exercise and metabolic health: Beyond skeletal muscle. Diabetologia 2020, 63, 1464–1474. [CrossRef]
54. Cannata, F.; Vadala, G.; Russo, F.; Papalia, R.; Napoli, N.; Pozzilli, P. Beneficial effects of physical activity in diabetic patients. J.

Funct. Morphol. Kinesiol. 2020, 5, 70. [CrossRef]
55. Savikj, M.; Zierath, J.R. Train like an athlete: Applying exercise interventions to manage type 2 diabetes. Diabetologia 2020, 63,

1491–1499. [CrossRef]
56. Brands, A.M.; Biessels, G.J.; Kappelle, L.J.; Haan, E.H.; Valk, H.W.; Algra, A.; Kessels, R.P.; Utrecht, G. Cognitive functioning

and brain mri in patients with type 1 and type 2 diabetes mellitus: A comparative study. Dement. Geriatr. Cogn. Disord. 2007, 23,
343–350. [CrossRef] [PubMed]

57. Biessels, G.J.; Luchsinger, J.A. Diabetes and the Brain; Springer: Berlin, Germany, 2010.
58. Berg, E.; Dekker, J.M.; Nijpels, G.; Kessels, R.P.; Kappelle, L.J.; Haan, E.H.; Heine, R.J.; Stehouwer, C.D.; Biessels, G.J. Cognitive

functioning in elderly persons with type 2 diabetes and metabolic syndrome: The Hoorn study. Dement. Geriatr. Cogn. Disord.
2008, 26, 261–269. [CrossRef] [PubMed]

http://doi.org/10.1177/0734282907300381
http://doi.org/10.1002/wps.20331
http://doi.org/10.1161/CIRCULATIONAHA.113.001470
http://www.ncbi.nlm.nih.gov/pubmed/23481623
http://doi.org/10.1111/1467-9280.t01-1-01430
http://www.ncbi.nlm.nih.gov/pubmed/12661673
http://doi.org/10.1136/bmj.i245
http://doi.org/10.1136/jnnp.2008.158444
http://doi.org/10.1136/bmj.322.7289.763
http://doi.org/10.1093/gerona/glq053
http://www.ncbi.nlm.nih.gov/pubmed/20418350
http://doi.org/10.1017/S1355617715001083
http://www.ncbi.nlm.nih.gov/pubmed/26581789
http://doi.org/10.1177/0890117119866138
http://www.ncbi.nlm.nih.gov/pubmed/31359765
http://doi.org/10.1016/j.cobeha.2015.01.005
http://doi.org/10.2165/00007256-200434010-00001
http://doi.org/10.3390/su13041742
http://doi.org/10.3390/ijerph15071363
http://doi.org/10.1007/s00125-020-05177-6
http://doi.org/10.3390/jfmk5030070
http://doi.org/10.1007/s00125-020-05166-9
http://doi.org/10.1159/000100980
http://www.ncbi.nlm.nih.gov/pubmed/17374953
http://doi.org/10.1159/000160959
http://www.ncbi.nlm.nih.gov/pubmed/18841011

	Introduction 
	Methods 
	Experimental Protocol and Randomization 
	Measurement of Cognitive Function 
	Verbal (VM) and Nonverbal Memory (NVM) 

	Results 
	Weight/Body Composition 
	Spiroergometry 
	Cognition 

	Discussion 
	References

