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Abstract

Introduction: In a comprehensive approach, patients with diabetes who have evidence of microvascular damage should be considered to
have abnormalities in various systems. This can modulate the expected response to the prescription of physical activity and exercise.

Objective: to evaluate the changes in autonomic nervous response in patients with T2DM and elevated albumin/creatinine ratio (ACR) after
an individualized exercise program.

Methods: We analyzed data from patients with T2DM attending a comprehensive care program. We divide them in 2 groups (ACR <30 mg/g
and ACR 230 mg/g); and compared metabolic, exercise and autonomic function parameters heart rate recovery (HRR) in the 6 minutes walking
test (6MWT) and sudomotor function after 3 months with an exercise program.

Result: We included 988 patients, age 52+9.8 years, 53% women, median time of diabetes diagnosis 1 (0-5) years; 17.1% patients had ACR
230 mg/g. Although the parameters improvement compared with baseline, at 3 months there were significant differences in the group with
ACR=230 mg/g compared with normal renal function in Alc (6.3+0.8% vs 6.7+1%, p <0.001), systolic blood pressure (116.5 +11 mmHg vs 118
+13 mmHg, p<0.03), HRR at minute 1 (14 (9-20) min vs 17 (7-18), p< 0.01), HRR at minute 2 (21 (15-27) vs 19 (12-26), p=0.007) and the risk
of autonomic cardiac neuropathy (33% (25-40) vs 30% (23-38), p=0.01).

Conclusion: Patients with elevated urine albumin/creatinine ratio had a less HRR than patients with normal urine albumin creatinine ratio.
It is important to consider kidney and autonomic function before exercise prescription in patients with T2DM.
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Abbreviations: ACR: Albumin Creatinine Ratio; T2DM: Type 2 Diabetes Mellitus; HRR: Heart Rate Recovery; 6MWT: 6 Minute Walking Test;
AND: Autonomic Diabetic Neuropathy; T1DM: Type 1 Diabetes Mellitus; DN: Diabetic Nephropathy; EGFR: Glomerular Filtration Rate; HR:
Heart Rate; ACEIL: Angiotensin Converting Enzyme inhibitors; CAN: Cardiac Autonomic Neuropathy; ARB2: Angiotensin Receptor Blockers; BB:
Beta Blockers; IPAQ: International Physical Activity Questionnaire; PA: Physical Activity; NE: No Exercise; RE: Resistance Exercise; AE: Aerobic
Exercise; SAH: Systemic Arterial Hypertension; ADLS: Activities of Daily Living

Introduction

Panel on Diabetic Neuropathy defined CAN as the impairment
of cardiovascular autonomic control in patients with diabetes
after excluding other causes. The prevalence of CAN is variable in
literature from 2 to 91% in type 1 diabetes (T1DM) and 25 to 75%
in T2DM [4]. A study of Gutierrrez et al. in Mexican population
reported a prevalence of 19.4% [5]. The clinical manifestations
are orthostatism, resting tachycardia, exercise intolerance, silent
myocardial infarction, intraoperative cardiovascular liability and
sudden death [4-6]. The risk factors for CAN are poor glycemic

Type 2 diabetes (T2DM), causes macrovascular and
microvascular complications. Autonomic diabetic neuropathy
(ADN) is a common and debilitating form of neuropathy. It can
occur in a wide spectrum of manifestations that affect many
systems of the human body, with different clinical implications
[1]. An important microvascular complication that is often
unrecognized by patients and physicians is cardiac autonomic
neuropathy (CAN) [2,3]. The Subcommittee of Toronto Consensus
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control, time of diagnosis, older age, female, and positive smoking
status [3,7]. There is an association between CAN and diabetic
nephropathy (DN) where sympathetic overactivity causes renal
and tubular dysfunction producing decline of the glomerular
filtration rate (eGFR) [8]. Exercise benefits CAN and DN, improving
glycolipid metabolism, weight control, insulin resistance, and
blood pressure. Specifically, exercise training has proven to
enhance parasympathetic activity and lower sympathetic activity
[9]. These increase the regenerative capacity of cutaneous axons,
slowing or preventing neuropathy progression [10], by increasing
V02 max and Endothelial Growth Factor that entails tissue
oxygenation [11]. Heart rate (HR) is regulated and determined
predominantly by the autonomic nervous system function. The
change in HR during exercise and recovery is controlled by the
balance between sympathetic and parasympathetic activity
[6,7,12]. An easy and non-invasive test to evaluate the cardiac
autonomic function is the heart rate recovery (HRR) defined as
the reduction of the heart rate at the end of exercise [12]. The
aim of this study was to evaluate the HRR changes in patients
with T2DM and elevated albumin/creatinine ratio (ACR) after 3
months of an individualized exercise program.

Material Methods
Study population

For this analysis we included consecutive patients from May
2014 to June 2019 who had finished the first three months of
follow-up in the CAIPaDi model. The CAIPaDi program has been
described elsewhere [13,14]. Briefly, the program addresses
patients with type 2 diabetes, with <5 years of diagnosis, BMI <45
kg/m*“, non-smokers,and withoutdisabling chroniccomplications.
It includes interventions with 10 healthcare specialists, delivered
in 7 hours. It seeks to achieve metabolic goals, and to identify and
solve barriers that would make implementation difficult. The
program consists of 4 visits delivered in 3 months and then annual
evaluations.

Procedures

In each visit, 10 health care providers (nurses, diabetes

educators, endocrinologist, ophthalmologist/optometrist,
nutritionist, psychologist, dentist, psychiatrist, foot care specialist
and exercise) attend every patient. Endocrinologists follow the
Center’s treatment guidelines and register hypoglycemic, lipid
lowering, and antihypertensive drugs (including angiotensin
converting enzyme [ACEi], angiotensin receptor
blockers [ARB2], beta blockers [BB]). In physical activity,
therapists explain the difference between physical activity

and exercise. In each visit, the barriers to do exercise were

inhibitors

identified, and the patients and therapists in consensus proposed
activities that could help them achieve adherence. Patients
received an individualized exercise prescription, based on their
cardiorespiratory fitness, articular pain, lifestyle, barriers, and
considering the patient’s preferences for a specific exercise. The
American Diabetes Association recommendation for exercise in
diabetes is to perform aerobic exercise 150 minutes per week and

resistance exercise 15 repetitions of 1-3 series of each exercise
[15]. We used de International Physical Activity Questionnaire
(IPAQ) to assess the physical activity (PA), and the distance in the 6
minutes walking test (6MWT). We evaluated the HRR after 6MWT
in a calibrated treadmill (Weslo Cadence R5.2 model 298164).
Normal HRR was considered if the difference at 1% minute
was 212 bpm, and at the 2" minute was 222 bpm [16]. Fasting
concentrations of glucose, creatinine, lipids and HbAlc (Bio-Rad
Variant II Turbo HbA1cKit 2, with HPLC method) were assessed in
each visit. Body composition was assessed by bioimpedance (body
composition analyzer JAWON medical i0i353). The autonomous
nervous system was assessed with electrical conductance of sweat
gland function through Sudoscan® [17]. Albumin/creatinine ratio
(ACR) (SYNCHRON CX system with colorimetric method) was used
for screening diabetic nephropathy. The laboratory is certified
by ISO 9001:2015 and the College of American Pathologist. We
considered normal if ACR was 230 mg/g. We separated patients
in two groups, ACR <30 mg/g and 230 mg/g.

Statistical analysis

Results data are reported as means (*SD) or medians and
interquartile ranges (25-75) if they followed or not a normal
distribution, respectively. Normality was evaluated according to
the Kolmogorov-Smirnov test. Percentages were used for discrete
values. The analysis included t test for relatezd samples and t
test for independent samples. McNemar and x tests were used
for analyzing data from categorical variables. The analysis was
adjusted for sex, age and drugs (3-blockers and ACE;i).

Results

We evaluated 988 consecutive patients from May 2014 to
June 2019. There were 819 patients (82.9%) in the ACR <30 mg/g
group: 445 (54.3%) women, age 52.1 +9.9 years, 1 (0-3) years
of diagnosis, BMI 29.4 +4.6 kg/cm? ACR 6.4(4.1-10.7) mg/g. In
the ACR =30 mg/g group were 169 patients (17.1%), 79 (46.7%)
women, age 51.9 9.2 years, 2 (0-3) years of diagnosis, BMI
29.7 5.0 Kg/cm? ACR 61 (39.2-131.65) mg/g. Table 1 shows
the changes in metabolic parameters in both groups after the
3 months intervention. For visit 1 in the ACR <30 mg/g group:
16.2% of patients had treatment indicated with ACEis, 15.2%
ARB2, and 2.4% BB. For visit 4, 16.7% of patients had treatment
indicated with ACEis, 15.1% ARB2, and 2.4% BB. For visit 1 in
the ACR 230 mg/g: 46.1% had indicated ACEIs, 19.2% ARB2,
and 4.8% BB. In visit 4 the ACR 230 mg/g group had 43.7%
were taking ACEis, 21% ARB2, and 4.8% BB. Table 2 shows the
distribution of antihypertensive treatment of patients. The mean
distance in 6MWT of ACR <30 group was 409 +93 meters at basal
and after 3 months the mean was 444 +87 meters (p <0.001). In
the ACR 230 group the mean distance at basal evaluation was
399 +93 meters and at 3 months 431 +94 meters (p <0.001). The
first group achieved more distance, with no statically significant
difference between groups at basal (p=0.22), or after 3 months
(p=0.11). Minute 1 HRR at baseline was similar in both groups:
the ACR group <30 obtained a median of 13 (8-18) bpm and the
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ACR group 230 (6-17) bpm (p=0.14). After 3 months of performed
and individualized exercise program the median HRR was 14 (9-
20) bpm and 17 (7-18) bpm, respectively (p <0.01). The median
baseline minute 2 HRR was 19 (13-25) bpm in group ACR <30 and
18 (11-24) bpm in group ACR 230 (p=0.07). After 3 months of an
individualized exercise program, group 1 obtained a median of 21
(15-27) bpm and the second group 19 (12-26) bpm (p=0.007).
Comparing visit 1 and visit 4, the percentage of patients in the
group <30 mg/g ACR that did not exercise (NE) decreased to
37% (p<0.001) and resistance exercise (RE) changed to 1% (p

<0.001). Aerobic exercise (AE) increased 10% (p=0.15), and AE
+ RE changed to 28% (p<0.001). In the ACR 230 mg group, the
percentage of NE decreased to 36% (p<0.001), increased the AE
16% (p=0.18), RE 1% (p< 0.001), and AE + RE changed to 19%
(p<0.001). Results of CAN from Sudoscan showed in ACR <30
group a decrease from 38 (29-48) % to 30 (23-38) % (p<0.001)
from basal to the fourth visit. In the ACR group =30 the initial
median was 45 (35-54) % and changed to 33 (25-40) % (p <0.001)
in the fourth visit. Results are shown in Table 1.

Table 1: Changes in metabolic and exercise parameters in both groups after 3 months of intervention.

ACR<30 ACR =230 p? pb
Basal 3 months Basal 3 months

Hb1Ac% 8.1+2.2 6.3 +0.8* 9.8+ 2.7 6.7+1% <0.001 <0.001
SBPmmHg 129+13.9 116.5 £11 129 +16.7 118 +13* <0.001 0.03
DBPmmHg 76.6 +7 728+6* 79.1£7.9 73.6+7* <0.001 0.13
Triglycerids mg/dl 164 (118-223) 114 (91-145) * 203 (141-302) 118 (91-162) * <0.001 0.13
Total cholesterol mg/dl 185 +42.7 150 29 * 197 £ 82 150 £29* <0.001 0.98
HDL Cholesterol mg/dl 429+10 45.4 + 10* 428+ 10 45.4 + 10* 0.89 0.97
LDL Cholesterol mg/dl 113+ 36 88 + 24* 115+ 39 87.3 £ 25* 0.66 0.63
NoHDL Cholesterol mg/dl 142 +41 105+ 27 * 154 +41 105 + 26.7* <0.001 0.97
Moderate exercise (min/week) 0(0-180) 190(115-300) * 0(0-160) 175(80-280) 0.45 0.14
NE n (%) 419 (51) 112 (14) * 92 (54) 30 (18) * 0.44 0.22
AEn (%) 312 (38) 390 (48) 54 (32) 82 (48) 0.11 0.86
RE n (%) 16 (2) 12 (1) * 2(1) 3(2)* 0.75 0.72
AE+RE n (%) 72(9) 305 (37) * 21(13) 54 (32) * 0.14 0.25
Distance m 409 £ 93 444+ 87 * 399 £93 431 +94* 0.22 0.11
HRR min 1 13(8-18) 14(9-20) * 13(6-17) 17(7-18) 0.14 0.01

HRR min 2 19(13-25) 21(15-27) * 18(11-24) 19(12-26) 0.07 0.007
Risk CAN 38(29-48) 30(23-38) * 45(35-54) 33(25-40) * <0.001 0.01

HbA1c: Glycated Hemoglobin; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; NE: No Exercise; AE: Aerobic Exercise; RE:
Resistance Exercise; HRR: Heart Rate Recovery; CAN: Cardiac Autonomic Neuropathy.*p<0.001 basal and 3 months intragroup, p?basal between
groups, p® 3 months between groups

Table 2: Distribution of antihypertensive treatment of patients.

ACR <30 ACR 230
n (%) n (%) P

ACElISs previous 62 (7.6) 14 (8.4) 0.75
ACEIs indicated V1 133 (16.2) 77 (46.1) <0.001
ACElIs indicated V4 (3 months) 137 (16.7) 73 (43.7) <0.001

BB previous 20 (2.4) 8 (4.8) 0.12

BB indicated V1 20(2.4) 8 (4.8) 0.12

BB indicated V4 (3 months) 20 (2.4) 8 (4.8) 0.12

ARB 2 previous 103 (12.5) 25 (15) 0.37

ARB 2 indicated V1 125 (15.2) 32(19.2) 0.24

ARB 2 indicated V4 (3 months) 124 (15.1) 35 (21.0) 0.1

ACEI: Angiotensin Converting Enzyme Inhibitors; BB: Beta Blockers; ARB2: Angiotensin Receptor Blockers; V1: Visit 1; V4: Visit 4
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Discussion

In this paper we evaluated the HRR changes in patients
with T2DM and elevated albumin/creatinine ratio (ACR) after
3 months of an individualized exercise program. Although both
groups are patients with recent diagnosis of diabetes, the ACR230
mg/g has 1 more year of diagnosis. Radica et al showed in their
study that after 10 years of diagnosis, patients with T2DM can
present damage in kidney). Aring et al [18] mentioned that CAN
may appear 1 or 2 years after the diagnosis of diabetes but usually
develops in patients with 20 years or more of diagnosis [19].
This study demonstrates that many chronic complications can
start long time even before the diagnosis of diabetes is made. As
described by Spijkerman et al in their article that type 2 diabetes
is characterized by an asymptomatic phase that is estimated to
last 4-7 years where 30-50% of patients have no diagnosis of
diabetes. In their results, 26.7% of patients with a new diagnosis
of diabetes had microalbuminuria, similar to our results [20].
In our study, we included the 2 main types of antihypertensive
drugs that have a renoprotective impact for the progression
of diabetic nephropathy (ACEIs and ARB2) [21]. In our Center,
these drugs were indicated with a double function for the control
of hypertension and albuminuria, being 43% of the population
with ACR 230 mg/g and systemic arterial hypertension SAH,
of which 61% had ACElIs, 23% ARB2, 6.8% BB, and 9.2% other
antihypertensive drugs. Obesity is a strong risk factor to develop
kidney disease [22]. And cardiovascular complications [23]. Our
patients are overweight and obese in a higher proportion in
patients with ACR 230 mg/g. The progression of the damage can
be prevented through strict glycemic, lipid and weight control
[8]. Cole C. et al, [24] showed in their study that abnormal values
of HRR are a strong predictor of mortality [24]. And Sing JP
et al mentioned that risk of cardiovascular disease in patients
with T2DM with albuminuria is two or three times higher than
patients without albuminuria [25]. Adequate exercise has shown
many benefits improving the cardiac autonomic function and
the microvasculature. By this means, exercise prevents diabetes
complications [26]. In our study both groups decreased the risk
of CAN and improved metabolic and exercise parameters after an
individualized exercise program for 3 months. Exercise intolerance
directly affects the limitation of activities of daily living (ADLs),
reducing the quality of life, [27]. An abnormal HRR reflects
exercise intolerance. In the group of ACR 230 mg/g we found
that this phenomenon is more evident since the HRR was lower
at the end of the study compared to the group of ACR <30 mg/g.
By this means, when patients improve HRR, exercise tolerance
and their ability to perform activities of daily living increase
without difficulty. Other authors didn’t find statically difference in
percentages between groups (with/without microalbuminuria),
abnormal HRR in the first minute was present in 12.9% patients
with microalbuminuria and abnormal HRR 7.1% patients without
microalbuminuria. In the second minute abnormal HHR was
presentin 9.7% patients with microalbuminuriaand 7.1% patients

without microalbuminuria without statistically significant
difference between the two groups [2]. Therefore, autonomic
nervous system test may offer a useful tool to identify patients
with potentially poor exercise performance and to prevent hazard
when they are introduced to exercise training programs [28].
This can be assessed with the 6MWT, which is an easy and not
expensive test to those patients with recent DMT2 diagnostic. It
is important to evaluate and establish aspecific exercise program,
finding strategies to overcome barriers and improve exercise
adherence and cardiorespiratory fitness. We must consider if
patients with T2DM have kidney damage to prescribe a specific
exercise program. This strategy helps improve the activity of the
autonomic nervous system increasing their exercise capacity and
improve performance in their ADLs.

Conclusion

Patients with urine ACR elevated had a worst HRR, than
patients with normal ACR. Both groups improve their metabolic
and exercise parameters after an individualized exercise program
especially in HRR what it entails to have quality of life and
prevention of more diabetes complications.
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