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Introduction

Diabetes is a serious metabolic health problem that currently affects approximately 37.3
million or 11.3% of U.S. adults, with another 23% who are undiagnosed.* The global prevalence
of diabetes continues to expand? with an expected increase from 451 million in 2017 to 693
million by 2045.2 Costs for diagnosis and treatment increased by 26% in the last 5 years alone,*
of which approximately 19 to 34% are attributed to diabetic foot ulcers (DFUs).° Lifestyle
interventions such as physical activity (PA) and the maintenance of a recommended body weight
improve insulin sensitivity, pancreatic B-cell function, glycemic control, prevent obesity? and
decrease the propensity for atherosclerosis.® An estimated 31 to 37% of those with diabetes
engage in quantities of PA consistent with the recommended guidelines.® While improving
anthropometric and metabolic (i.e., HbAic) parameters helps to prevent the insidious
complications associated with diabetes, > numerous challenges exist when attempting to
increase quantities of PA, such as the risk for DFUs.®

Background

Physical activity is considered a cornerstone in the prevention and treatment of
prediabetes and type 2 diabetes (T2D) and the treatment of type 1 diabetes (T1D).” Moderate
intensity PA improves insulin resistance and reduces the risk for cardiovascular (CV) morbidity
and mortality in individuals with diabetes.” Individuals with diabetes typically have diminished
fitness;® however, PA can prevent the development of such complications as DFUs.®’ The
current PA Guidelines for Americans® are applicable to all adults with diabetes with
consideration to age and existing co-morbidities. The importance of high-intensity interval
exercise (HIIE) for individuals with T2D was recently validated by the American College of

Sports Medicine (ACSM)? in a consensus statement that updated the 2010 joint
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ACSM/American Diabetes Association position statement on PA and exercise in individuals
with T2D.1° The ACSM recommends engaging in HIIE regimens involving aerobic training
between 65% and 90% VOzpeak or 75% and 95% heart rate peak for 10 seconds to 4 minutes
with 12 seconds to 5 minutes of active or passive recovery, in addition to various PA modes,
flexibility and balancing exercises, and reducing sedentary time.? Compared with PA performed
at lower intensities, HIIE provides CV health benefits by improving fitness, body composition
(BMI) and reducing HbA:c levels in individuals with T2D.!

PA metrics such as cadence and the 6-minute walk test (6MWT) reflect PA intensity.™
Cadence is measured in steps per minute.*? Walking cadence has a strong relationship with PA
and is measured in in metabolic equivalents (METs).!2 1° Slow walking cadence is 60 — 79 steps
per minute, medium cadence is 80—99 steps per minute, and brisk cadence is 100-119 steps per
minute.'? An appropriate intensity of PA is especially important to consider as heart rate and
blood pressure readings have been found to be higher in those with T2D compared to controls
after performing a 6MWT.** Moreover, an association was found between CV response and
higher cardiac work in individuals with T2D who experienced the same rating of perceived
exertion (RPE) that was attributed to diabetes rather than body composition, PA or fitness
levels.** Cardiometabolic risk decreased when steps per day was combined with cadence during
higher intensity PA (peak 30-min cadence expressed in steps/min).'® Grace et al.,'” found higher
intensity training was superior to low-intensity training for individuals with T2D consistent with
ACSM recommendations. To successfully configure an effective PA intervention, it is important
to understand factors associated with the PA response in diabetes. Identifying those factors
associated with efficacy of PA interventions will provide insight into targeting resources to

prevent diabetes-related complications such as DFUs for the development of effective exercise
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prescriptions in diabetes. The purpose of this study was to examine relationships between
baseline and post-intervention clinical variables (HbAlc, weight, max steps per episode,
cadence, daily step count and 6-minute walk test) to increase PA in adults at risk for DFUs.*® We
hypothesized that post-clinical metrics of PA intensity measured by cadence and max steps per
episode would be more strongly associated with weight and HbA1c than metrics of PA quantity.
Methods

Research Design and Participants

The current study was performed as a secondary analysis of a previous outpatient
population study conducted as a feasibility study.'® Briefly, the feasibility study'® involved
sedentary adults with T1D or T2D to explore the feasibility of increasing PA without increasing
the incidence of DFUs. Study criteria included participants who were (a) > 21 years of age, (b)
diagnosed with diabetes (T1D or T2D, HbA1c > 6.5), (c) had evidence of peripheral neuropathy
by a loss of protective sensation (identified by 10-gram Semms Weistein Monofilament in either
foot at one of four sites tested [1%, 3™, 5" metatarsal heads, and plantar surface of hallux]),® (d)
were able to speak and read English, (e) had physician approval, and (f) had internet access.
Those who had evidence of a (a) foot ulcer; (b) self-report of at least 2 bouts (20+ minutes) of
weekly physical activity; (c) a diagnosed significant medical illness (renal, liver, or
thromboembolic disease); (d) proliferative retinopathy or an ankle brachial index (ABI) < 0.6; (e)
inability to engage in PA without assistance; (f) autonomic neuropathy as evidenced by
tachycardia (at rest) OR orthostatic hypotension; or (g) pregnant or planning pregnancy in next 3
months. Two institutions were involved in conducting the study which was approved by both
institutional review boards. Eleven of the twelve initial participants completed (91.67%) the

study, and the outcomes are included in the analysis. Subjects were recruited from a university
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affiliated outpatient clinic and a local VA podiatry clinic and through flyers posted at a
university located in a Chicago suburb. All supervised PA sessions were supervised by trained
medical researchers in the gait lab of a university setting.
Measures

The variables of age, fasting glucose, HbA1c, weight, 6MWT, steps per day, max steps
per episode and cadence, were obtained during screening and at baseline in the feasibility study
and were extracted for use in this secondary analysis. The same variables were also examined
following the 10-week PA intervention phase of the study.
Age. Demographics to include age, were obtained.
Glucose. Baseline fasting blood glucose was obtained following a 24-hour fast by the research
assistant (phlebotomist) and evaluated by Quest Diagnostic Laboratory.
HbA1c. HbA1c was obtained in the same vial as fasting glucose.
BMI. BMI was calculated from height and weight (weight[kg]/height?[meters]).%° Participants
wore only light clothing and no shoes.

Participants wore a PA monitor called a PAMSys™(BIOSENSICS) device that uses
kinematic sensors for a 7-day step count assessment of PA metrics.
PA Intensity. Cadence and maximum steps per episode were measured by PAMsys for 7 days at
baseline and following the intervention.
6-Minute Walk Performance (Distance). The 6MWT is a measure of PA intensity that was not
measured by PAMSys. This test was performed in the gait lab during the baseline visit.
Participants walked back and forth for six minutes; they were allowed to slow down, stop, and
rest when necessary and received verbal encouragement every minute, and a 15 second warning

before it was time to stop.
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PA Quantity. Steps per Day. Daily step count was measured by FitBit during the 10-week PA
intervention period.
Procedures

All assessments were completed during the screening, baseline, and the follow-up visit. A
flowchart of the procedures is detailed in Figure 1, including the 10-week PA intervention phase.
**INSERT FIGURE 1 HERE**
Visit 1: Screening

During screening, ethical considerations and study proceedings were reviewed, and each
participant provided written informed consent following an initial assessment to determine
eligibility. Participant data were obtained in the following order: demographic data and medical
history, height, weight, degree of peripheral neuropathy, fasting glucose and HbA1c. Participants
completed the Revised Physical Activity Readiness Questionnaire to establish safe exercise
ability®® and were given the PAMSys™ for a 7-day step count assessment of PA metrics.
Visit 2: Baseline

A 6MWT distance (meters) was performed to establish baseline fitness, DFU prevention
strategies were implemented, and all participants received an activity monitor (Zip, FitBit Inc.)
and were invited to join a Fitbit support group to meet step count goal. Step count was measured
via Fitbit based on a pre-determined PA prescription.

Physical Activity Intervention: Visits 3 through 6 and Remote Phase

During visits 3 through 6, participants walked for 5-20 min on a treadmill to assess CV

response during four supervised PA sessions (2 weeks) and set goals to increase daily step count.
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During the remote phase (8 weeks) of the 10-week intervention, participants gradually
increased steps per day (by 50 steps) after first receiving training to assess plantar foot
temperature and blood glucose for safety. A digital thermometer was used to assess the surface
of each foot to see if the difference between two plantar sites (i.e., left great toe vs right great
toe) exceeded 4° F for 2 consecutive days. If so, participants were advised to reduce activity until
temperatures normalized.

Final Post-Intervention: Visit 7

Following the 10-week PA intervention, assessment of fasting glucose HbA:c, weight,
6MWT performance and 7-day PA metric assessment by PAMSys were completed. Participants
received modest compensation ($175.00 gift cards) after completing screening, baseline, and
following the PA intervention.
Data Analyses

Nonparametric methods, Wilcoxon Rank test, and permutation test were utilized to
determine the differences in mean scores of the clinical variables, average cadence, max steps
per episode, BMWT and steps per day. Spearman correlation was employed to identify
associations among weight, HbA1c, and PA metrics. Data were analyzed using SAS 9.4 (SAS
Institute Inc., Carry, NC) and R version 4.1.0 (R Foundation for Statistical Computing).

Results

Demographic

Of the twelve adult participants between 48 to 74 years of age (average 59.92, SD = 8.68)
who began the study, 11 (91.7%) completed all measures. The majority were female (n = 8,

72.7%) from the ethnic groups of non-Hispanic (n=11, 100%), Caucasian (n=9, 81.1%), African
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American (n=2). Most participants had T2D (92%) with an average duration of diabetes of 13
years (range, 1 to 21 years, SD = 6.63).
Anthropometric and Weight

The participants” average BMI was 38.15 kg/m? to qualify as obese, class 2.%° Average
baseline weight decreased by 4% from 240.3 pounds (SD = 49.5) at baseline to 230.4 pounds
(SD = 36.6) post-intervention, although the difference was not statistically significant (p=0.55).
Physical Activity Metrics

Average steps per day and max steps per episode increased by 21 and 24%, respectively.
Average step count increased by 21% (p=0.151) or 971 steps per day, from 3867 (SD = 1493.15)
steps at baseline to 4661.73 (SD = 1516.24) at post-intervention. This increase is notable for a
10-week period, especially considering participants had neuropathy. The average distance
walked in six minutes improved by 15 meters (4.5%) from 334.83 (SD = 80.73) from baseline to
349.93 (SD = 111.95, p=0.689) post-study although this increase was not significant. The
average pre- to post-max steps per episode increased by 24% (109 steps), from 746.83 (SD =
621.20) at baseline to 925.64 (SD = 729.95) post-intervention, although this increase was not
significant.
HbAac and Glucose

HbA:c decreased from an average of 8.43% (SD = 1.40) at baseline to 8.19% (SD = 1.37)
post-study (p=0.289, dm = -0.235). While the improvement in HbA1c was not significant, average
fasting glucose decreased by 25.6% (p = 0.018, dm = -52.93) (p < .05) from a baseline level of
208 mg/dl (SD = 107.25) to 154.72 (SD = 69.32) mg/dl following the PA intervention.

Correlations Between HbAic, Weight and PA Metrics
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A correlation analysis was performed to determine associations between PA metrics,
HbA:c and weight. Spearman correlation coefficients of baseline variables demonstrated (Table
1) Pre-HbA1c was not associated with max steps per episode (r=0.026, p=0.93), 6MWT (r=-0.09,
p=0.78) or average cadence (steps/min) (r=-0.024, p=0.93). Following the PA intervention,
HbA:c was associated with max steps per episode (r=-0.63, p=0.03) and 6-minute walk test (r=-
0.50, p=0.09) but not with average cadence (r=-0.37, p=0.23). Steps per day was not associated
with HbA:c (r=0.19, p=0.55) before or after the intervention (r=-0.03, p=0.92). Weight assessed
during screening was associated with average cadence (r=-0.76, p=0.007) but not with max steps
per episode (r=-0.41, p=0.18) 6MWT (r=-0.30, p=0.34) or steps per day (-0.097, p=0.98). Post-
intervention weight was related to max steps per episode (r=-0.62, p=0.03) and average cadence
(r=-0.60, p=0.04) but not 6BMWT (r=-0.13, p=0.69) or steps per day (r=-0.034, p=0.98).
**INSERT TABLE 1 HERE**

Discussion

The purpose of this study was to explore relationships between clinical predictor
variables pre and post a 10-week PA intervention in adults with diabetes. Consistent with our
hypothesis, HbA1c and weight were associated more strongly with metrics of PA intensity
(cadence, max steps per episode, and 6MWT) than with steps per day. We, therefore, conclude
that an increase in PA intensity may be more beneficial in individuals with diabetes to improve
glycemic control and weight, consistent with the recent ACSM consensus statement.? It is well-
established that HbA:c levels are more strongly associated with PA intensity than quantity.? ’
Consistent with our findings, HbA1c was associated with max steps per episode and the 6MWT
following the PA intervention — both PA metrics reflecting intensity. Before the intervention,

HbA1c was not associated with max steps per episode, 6MWT, average cadence or steps per day
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suggesting the PA intervention was beneficial. Steps per day, a PA metric not specific to
intensity, was not associated with HbAic before or after the PA intervention. Nor was weight
associated with steps per day before or after the PA intervention, yet the average daily step count
increased by 971 steps post-study.® The lack of significance between HbA:c and certain metrics
of PA may have been due in part to the duration of 10 weeks as HbA1c reflects average glucose
levels for 90-120 days. A longer study duration may provide a more accurate reflection of the
HbA:c response, especially to PA metrics of intensity. In addition, the decrease in average
HbA:c following the 10-week intervention was not significant, therefore, average fasting glucose
levels may have been more reflective of participants’ metabolic state. Glucose levels decreased
significantly following the PA intervention by 25.6% (208 [+107.25] mg/dl to 154.72 [£69.32]
mg/dl) which corresponded with the increased step count and intensity. Baseline glucose (fasting
=208 mg/dl) was mildly elevated considering the diabetes diagnostic criteria (fasting = 126
mg/dl); therefore, even gradual increases in PA may influence glucose control.

Participants’ average baseline weight represented class 2 obesity but decreased following
the PA intervention. The ACSM recommends moderate to high-intensity PA four to five days
per week for weight loss and weight loss improves glycemic control.® A relationship was
observed between PA metrics associated with intensity and weight in our participants although
weight was not associated with step count before or after the PA intervention. A negative
association between step intensity and mortality was observed by Saint-Maurice et al.,* and
Yates and colleagues found higher gait speeds and higher self-reported walking pace was
associated with a lower mortality risk.?:

Cadence'? ?? was associated with weight and max steps per episode in our findings after

the 10-week PA intervention consistent with the outcomes of Saint-Maurice et al.*> Higher
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weights and BMIs also influenced cadence in the findings of Retory and colleagues.® The 4%
decrease in participants’ average weight (12.9 pounds) following the PA intervention may have
influenced participants’ average cadence post-study. Retory and colleagues? found cadence, step
length and 6BMWT were significantly lower in subjects who had higher BMIs compared to
controls. Gill also found excess weight influenced gait in overweight adults with slower cadences
compared to normal-weight adults.?* The lack of association between weight and 6MWT in our
findings may have been due to the methodology used to administer the test.
Implications for Diabetes Care and Lifestyle Management

The findings of our study demonstrate important clinical implications for preventing and
mitigating CV complications in those with diabetes. The pathogenesis of diabetes involves
microvascular and macrovascular complications, including CV disease and neuropathy leading
to DFUs. For those with diabetes who typically have lower VOzpeaks®, exercise prescriptions
should be individualized to include a gradual increase in intensity to improve metabolic
outcomes.?® The ACSM consensus statement? currently prioritizes PA intensity over quantity as
an update ADA recommendations in addition to” 1 interrupting sitting time with PA to improve
blood glucose and insulin levels.? Rather than vigorous regimens during exercise, Schwaab and
colleagues® recommend a ‘comfort zone’ during PA in which ‘walking and talking’ are
‘comfortable’ to encourage PA adherence and sustainability.?> While participants had diminished
glucose control (average HbAuc, 8.43%; average glucose level, 208 mg/dl) at baseline, increases
in PA quantity and intensity occurred without DFU incidence. Those with worse glucose control,
either in the form of glucose modulations or higher fasting glucose levels, may require more in-
person support to derive benefit from PA interventions.

Limitations
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This secondary analysis had certain limitations. The sample size was small due to limited
enrollment, not completing visits or failure to meet inclusion criteria. The small sample and
participant homogeneity decreased the likelihood of detecting differences in the outcomes. The
lack of a control in the original study tempered the conclusions. Additional research with similar
hypotheses and a larger and more diverse sample size is warranted to determine the relationships
among HbA1c, weight and metrics of PA. In spite of small sample, the study demonstrated the
importance of correlating PA with comorbidities in adults with diabetes.

Conclusions

PA is an effective treatment and prevention strategy in adults with diabetes although
increasing quantities of PA may pose significant challenges. PA metrics reflecting intensity,
cadence and max steps per episode, more strongly influenced HbA:c and weight than did steps
per day indicating the potential for CV benefits in diabetes. Future research to identify factors
that predict the response to PA interventions in individuals with diabetes will allow for
refinement of interventions and the targeting of resources to prevent diabetes-associated
complications for those in greatest need of support.

References
1. Centers for Disease Control and Prevention. National diabetes statistics report website.

https://www.cdc.gov/diabetes/data/statistics-report/index.html

Accessed March 16, 2022.

2. Kanaley JA, Colberg SR, Corcoran MH, Malin SK, Rodriguez NR, Crespo CJ, et al.
Exercise/physical activity in individuals with type 2 diabetes: a consensus statement from the
American College of Sports Medicine. Med Sci Sports Exerc. 2022;54(2):353-68.

https://doi:10.1249/mss.0000000000002800. PubMed PMID: 35029593.


https://www.cdc.gov/diabetes/data/statistics-report/index.html

10

11

12

13

14

15

16

17

18

19

20

21

22

23

12

3. Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, Ohlrogge AW, Malanda
B. IDF diabetes atlas: global estimates of diabetes prevalence for 2017 and projections for 2045.
Diabetes Res. Clin. Pract. 2018;138:271-281.

4. American Diabetes Association. Economic costs of diabetes in the U.S. in 2017. Diabetes
Care. 2018;41(5):917-28.

5. Armstrong DG, Boulton AJM, Bus SA. Diabetic foot ulcers and their recurrence. N Engl J
Med. 2017;376(24):2367-2375. https://doi: 10.1056/NEJMral1615439.

6. Sluik D, Buijsse B, Muckelbauer R, et al. Physical activity and mortality in individuals with
diabetes mellitus: a prospective study and meta-analysis. Arch Intern Med. 2012;172(17):1285-
1295. https://doi: 10.1001/archintemmed.2012.3130

7. Colberg SR, Sigal RJ, Yardley JE, et al. Physical activity/exercise and diabetes: a position
statement of the American Diabetes Association. Diabetes Care. 2016;39:2065-2079.

https://doi:10.2337/dc16-1728

8. Schwaab B, Windmdller M, Kdnig IR, Schiitt M. Evaluation of aerobic exercise intensity in
patients with coronary artery disease and type 2 diabetes mellitus. J Clin Med. 2020;9(9):2773.
Published 2020 Aug 27. https://doi:10.3390/jcm9092773

9. U.S. Department of Health and Human Services. (2018). Physical activity guidelines for
Americans (2nd ed.).

https://health.gov/paguidelines/secondedition/pdf/Physical_Activity Guidelines_2nd_edtion.pdf
10. Colberg SR, Albright AL, Blissmer BJ, Braun B, Chasan-Taber L, Fernhall B, et al. Exercise
and type 2 diabetes: American College of Sports Medicine and the American Diabetes
Association: a joint position statement. Exercise and type 2 diabetes. Med Sci Sports Exerc.

2010;42(12):2282-303. https://doi:10.1249/MSS.0b013e3181eebb1c.


https://doi:10.2337/dc16-1728

10

11

12

13

14

15

16

17

18

19

20

21

22

13

11. Karstoft K, Winding K, Knudsen SH, et al. The effects of free-living interval-walking
training on glycemic control, body composition, and physical fitness in type 2 diabetic patients: a
randomized, controlled trial. Diabetes Care. 2013;36(2):228-236. https://doi:10.2337/dc12-0658
https://doi:10.1097/MD.0000000000003025

12. Tudor-Locke C, Rowe DA. Using cadence to study free-living ambulatory behaviour. Sports
Med. 2012;42(5):381-398. https://doi:10.2165/11599170-000000000-00000

13. Farah BQ, Ritti-Dias RM, Montgomery P, Cucato GG, Gardner A. Exercise intensity during
6-minute walk test in patients with peripheral artery disease. Intensidade de exercicio durante o
teste de caminhada de 6 minutos em pacientes com doenca arterial periférica. Arg Bras Cardiol.
2020;114(3):486-492. https://doi:10.36660/abc.20190053

14. Senefeld JW, D'Astice SE, Harmer AR, Hunter SK. Increased cardiovascular response to a 6-
minute walk test in people with type 2 diabetes. Diabetes Spectr. 2020;33(1):104-110.
https://doi:10.2337/ds19-0002

15. Saint-Maurice PF, Troiano RP, Bassett DR Jr, et al. Association of daily step count and step
intensity with mortality among us adults. JAMA. 2020;323(12):1151-1160.
https://doi:10.1001/jama.2020.1382

16. Tudor-Locke C, Schuna JM Jr, Han HO, et al. Step-based physical activity metrics and
cardiometabolic risk: NHANES 2005-2006. Med Sci Sports Exerc. 2017;49(2):283-291.
https://doi:10.1249/MSS.0000000000001100

17. Grace A, Chan E, Giallauria F, Graham PL, Smart NA. Clinical outcomes, and glycaemic
responses to different aerobic exercise training intensities in type Il diabetes: a systematic review

and meta-analysis. Cardiovasc Diabetol. 2017;16(1):37. Published 2017 Mar 14.



10
11
12
13
14
15
16
17
18
19
20
21
22
23

24
25

14

18. Schneider KL, Crews RT, Subramanian V, et al. Feasibility of a low intensity, technology-
based intervention for increasing physical activity in adults at risk for a diabetic foot ulcer: a
mixed methods study. J Diabetes Sci Technol. 2019;13(5):857-868.

19. Thomas S, Reading J, Shephard R. Revision of the physical activity readiness questionnaire
(PAR-Q). Can J Sport Sci. 1992;17(4):338-45.

20. Best C, Shepherd E. (2020) Accurate measurement of weight and height 2: calculating height
and BMI. Nursing Times [online]. 2020;116(5):42-44.

21. Yates T, Zaccardi F, Dhalwani NN, et al. Association of walking pace and handgrip strength
with all-cause, cardiovascular, and cancer mortality: a UK biobank observational study. Eur
Heart J. 2017;38(43):3232-3240. https://doi:10.1093/eurhe

22. Adams B, Fidler K, Demoes N, et al. Cardiometabolic thresholds for peak 30-min cadence
and steps/day. PLoS One. 2019;14(8):0219933. Published 2019 Aug 2.
https://doi:10.1371/journal.pone.0219933

23. Retory Y, David P, Niedzialkowski P, de Picciotto C, Bonay M, Petitjean M. Gait monitoring
and walk distance estimation with an accelerometer during 6-minute walk test. Respir Care.
2019;64(8):923-930. doi:10.4187/respcare.06144

24. Gill SV. The impact of weight classification on safety: timing steps to adapt to external
constraints. J Musculoskelet Neuronal Interact. 2015;15(1):103-108.

25. Jacob S, Krentz AJ. Exercise prescription in patients with type 2 diabetes and coronary heart
disease: could less be more? Cardiovasc Endocrinol Metab. 2020;9(1):1-2.

https://doi:10.1097/XCE.0000000000000196



O©oOoO~NOoO oIk WwWN -

15



	Relationships between physical activity metrics of intensity and diabetes
	Original Citation
	Authors

	tmp.1693424204.pdf.VoG2i

