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Introduction: This study aimed to examine the association between severity of diabetic

neuropathy and weight loss during hospitalization in overweight participants with type 2

diabetes.

Patients and Methods: Participants of this study comprised 193 patients who were hospita-

lized for type 2 diabetes treatment. The participants were divided into two groups in the study,

based on whether or not reduction of bodyweight was at least 3% during hospitalization. Using

Cox models, the association between severity of neuropathy and effectiveness of weight loss

under a controlled diet was analyzed. Autonomic neuropathy was assessed on patient admission

by R-R interval, as measured in an electrocardiogram (CVRR), and sensory neuropathy was

assessed using both 128-Hz tuning-fork vibration and Achilles tendon reflex (ATR).

Results: The adjusted hazard ratio for weight loss of at least 3% for CVRR was 1.17 (95%

confidence interval 1.07–1.28, P=0.0006) and for vibration time 1.93 (1.01–3.68, P=0.045).

After dividing CVRR and vibration time into tertiles based on participant number, the

adjusted hazard ratio for the high tertile of CVRR was 2.17 (1.29–3.62, P=0.003), and for

the long tertile of vibration time 1.84 (1.10–3.08, P=0.02), compared with the low and short

tertiles, respectively. No association was detected between ATR category and weight loss.

Conclusion: Severity of diabetic neuropathy was found to be a determinant in weight loss

under a caloric restriction regimen for patients with type 2 diabetes. The results of the study

suggest that the peripheral nervous system is involved in responses to medical intervention

for treatment for type 2 diabetes including bodyweight management.

Keywords: diabetic neuropathy, weight loss, R-R interval as measured in an

electrocardiogram, type 2 diabetes

Introduction
Type 2 diabetes mellitus (T2D) is a chronic metabolic disease affecting populations

worldwide that has become an important public health challenge in not only Japan

but also other Asian countries.1,2 Obesity is one of the important drivers of what

can be called the T2D epidemic,2 with much of the recent increase in diabetes

prevalence related to changes in dietary pattern, sedentary behavior, and obesity

layered upon a background of genetic and epigenetic susceptibility.3 Obesity is
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associated with an increased risk of developing lifestyle-

related diseases such as hypertension, insulin resistance,

and dyslipidemia, which are major elements comprising

metabolic syndrome. For treatment of T2D, intensive

bodyweight management based on strict diet therapy is

a key strategy, with remission of the disease a potential

outcome.4 Under such circumstances, the 2013 AHA/

ACC/TOS guidelines recommend sustained weight loss

of at least 3%, because that level likely results in clinically

meaningful reductions in blood glucose and HbA1c

levels.5 In overweight and obese Japanese subjects as

well, weight loss of at least 1–3% was reported to reduce

HbA1c levels.6

Vagal afferent nerves are understood to sense peripheral

metabolic signals, including nutrients, hormones, and metabo-

lites, converting them to neural signals. These neural signals

are conveyed to the central nervous system for the regulation of

energy metabolism. For example, reduction of food intake by

intraperitoneal injection of pancreatic polypeptide (PP) and

peptide YY3–36 (PYY3-36), potential orexigenic peptides,

was impaired in abdominal-vagotomized animals,7,8 suggest-

ing that PP and PYY3-36 impact anorexigenic effects through

the action of vagal afferent nerves. Moreover, fasting signals

derived from the liver transmitted through the vagal nerve

might have comprehensive effects on the regulation of sys-

temic energy metabolism,9 suggesting that the vagal nerve

comprises a crucial constituent for appetite regulation via the

gut-brain axis.10 Specifically, adipose tissue might be an effec-

tor of neurocircuitry. On the other hand, the most common

manifestation of diabetic neuropathy is a generalized and

approximately symmetrical polyneuropathy that predomi-

nantly involves sensory and autonomic function.

Accordingly, transfer of food-consumption information from

gastric peptides via autonomic nerves may be obstructed by

diabetic autonomic neuropathy, leading to disorders such as

overeating in patients with T2D, but presumably not by sen-

sory or motor nerve damage. In addition, the response in T2D

patients with autonomic neuropathy may be poor with respect

to several treatments for T2D, such as caloric restriction,

caused by the defective transfer of metabolic signals.

However, human data investigating any association between

bodyweight and neuropathy are as yet scarce.

Coefficient variation of R-R intervals in electrocardiogram

(CVRR) testing is routinely used to assess parasympathetic

nerve function. Such analysis is the simplest and most con-

venient technique for evaluating cardiac autonomic function.11

High variation in R-R interval indicates strong activation of

cardiac parasympathetic nerves. Accordingly, CVRR is used

to assess diabetic autonomic neuropathy. In addition, vibratory

sensation assessed with a 128-Hz tuning fork at the medial

malleolus and Achilles tendon reflex (ATR) are two methods

commonly used in routine medical care to assess sensory

nerve damage caused by diabetic neuropathy.

The aim of this retrospective studywas to evaluate diabetic

neuropathy in three ways on patient admission: CVRR, vibra-

tory sensation, and ATR, as well as to investigate their asso-

ciation with quantity of weight loss during hospitalization for

treatment of T2D by strict and controlled diet therapy, based

on the hypothesis that severity of diabetic autonomic neuro-

pathy might affect and be involved in bodyweight changes.

Patients and Methods
Study Population and Preparation of

Participants
The participants of this study comprised 116 men and 77

women who had been hospitalized for treatment of T2D at

Kawasaki Medical School Hospital at some point in time

between January 2016 and March 2019. All patients were

admitted to the hospital with the aim of improving their control

over hyperglycemia and management of the patients’ life-

styles, because they exhibited difficulty in diabetes manage-

ment, including diet and exercise. As inclusion criteria, all 260

patients with T2D hospitalized for treatment of T2D were

included. All hospitalized patients underwent a medical inter-

view and examinations on admission to confirm theywere free

from autoimmune disease, infection, or other acute condition,

such as ongoing treatment for malignancies, and not currently

using steroids, beta-blockers, or supplements. As a result of

such assessments, 32 patients were excluded from the study.

Participants younger than 30 years of age (n=8) and older than

80 (n=13) were excluded to manage age and generational

disparities. Also, excluded were participants who experienced

a shorter hospitalization than seven days (n=14). At the begin-

ning of hospitalization, height and bodyweight were measured

with all participants in the standing position. CVRR data in 10

patients were missing due to irregular pulse during examina-

tion. Vibratory sensation data and ATR in 28 and four patients,

respectively, were missing for neurologic or orthopedic rea-

sons. For each participant, body mass index (BMI) was calcu-

lated as bodyweight (kg) divided by the square of standing

height (m) on admission and at discharge. Urine and blood

samples were taken the day following admission after an over-

night fast from all participants. HbA1cwasmeasured using the

HPLC method and glycoalbumin (GA) with an enzymatic

method. Diabetic microangiopathy was assessed in all
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participants as follows: nephropathy was categorized from

normal to dialysis, in accordance with the classification of

diabetic nephropathy 2014,12 based on eGFR status and albu-

minuria; retinopathy was diagnosed by experienced

ophthalmologists;13 and neuropathy was diagnosed by the

physician in charge based on abbreviated criteria by the

Diabetic Neuropathy Study Group in Japan.14 During hospita-

lization, the bodyweight of all study participants wasmeasured

eachmorning and the participants were prohibited from snack-

ing between three mealtimes, and caloric intake from meals

was calculated15 and managed by the physicians in charge

based on each of the participants ideal bodyweight. All med-

ications were selected and administered by the physician,

together with the diabetes health-care team, based on a patient-

centered approach considering the best and latest evidence in

terms of benefits, risks, preferences, patient values, and context

in time, not only target HbA1c or glucose levels. This study

protocol was approved by the hospital ethics committee, and

information on the study was provided to the public via the

internet, instead of obtaining informed consent from each

patient individually (No. 3115-1). Patient charts were also

handled properly, and data were kept confidential and anon-

ymous, in accordance with the Declaration of Helsinki.

Measurement of Diabetic Neuropathy

Severity
After the participants had rested in the supine position for at

least 10 min, a standard 12-lead ECG was measured

(CardiMax8 FCP-8800; Fukuda Denshi, Tokyo, Japan).

R-R intervals were counted for 200 beats, and CVRR was

calculated by dividing the standard deviations (SD) by the

means (M): CV (%) = (SD/M) x 100. During a period of rest

breathing, the participants were instructed to breathe naturally.

During deep breathing, they were instructed to breathe deeply,

at a rate of six times per minute. In this study, CVRR was

employed during this deep-breathing phase, because the deep-

breathing load was estimated to stimulate cardiac vagal tone.

Vibratory sensation was assessed using a 128-Hz tuning

fork at the medial malleolus,14,16,17 as follows: The physician

stroked the end of a 128-Hz tuning fork hard enough that both

sides touched and immediately placed the vibrating tuning fork

firmly on the medial malleolus. The patient was instructed to

inform the examiner, the exact moment when he or she felt the

vibration stop. The examiner recorded the seconds during

which the patient recognized the vibration. Before the exam-

inations, the physician applied the vibrating tuning fork to the

patient’s wrist, to confirm that the patient could recognize any

vibration in subsequent testing. ATR was examined with the

patient in a kneeling position and diagnosed as “normal,”

“decreased,” or “absent.” The vibratory sensation and ATR

were assessed by certified diabetes educators.

Statistical Analysis
The data are expressed as mean and standard deviation.

Continuous variables at baseline were compared using age-

and gender-adjusted analysis of covariance (ANCOVA) for

comparisons between categories. Since HbA1c, BMI, and

vibration data were not distributed normally, analysis was

conducted after logarithmic transformation. To test the potency

of hospitalization on weight loss, the percentage of decrease in

bodyweight based on bodyweight at admission and eachmorn-

ing ((bodyweight in the morning-bodyweight at admission)/

bodyweight at admission) was calculated for all participants,

with successful weight loss designated for cases in which

bodyweight declined at least 3% during hospitalization.5,6

This category was designated the dependent variable (1, effec-

tive weight loss of at least 3%; 0, ineffective weight loss of less

than 3%). To elucidate the significance ofCVRR, vibration test

results, and categories of ATR as predictors of weight-loss

effectiveness, the first two data were divided into tertile

based on subject number (<2.8, 2.8–4.4, and >4.4% in

CVRR; <9, 9–11, and >11 s in vibration test), in addition to

the numerical concentrations or categories themselves used as

continuous variables. Numerical and tertile-specific hazard

ratios were estimated using a Cox proportional hazards

model. Participant numbers were 63, 58, and 62, respectively,

for theCVRRcategory, and 55, 55, and 55, respectively, for the

vibration category. To confirm the impact of the three exam-

inations at admission on the extent of weight loss during

hospitalization, a Cox proportional hazards model was used,

after adjustment was made for the confounders age, gender,

duration of diabetes, medication of sodium-glucose cotran-

sporter 2 (SGLT2) inhibitors or glucagon-like peptide-1

(GLP-1) analogues, reduced caloric intake during hospitaliza-

tion, and HbA1c and BMI on admission. No missing data

concerning these confounders in this study were found.

Statistical analyses were performed using JMP software (ver-

sion 13.2 for Windows, SAS Institute).

Results
Clinical Characteristics of All Study

Participants
Mean age of all participants was 60.4±12.9 years.

Duration of T2D at admission and hospitalization period
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were 12.0±9.5 years and 12.3±2.7 days, respectively.

Mean HbA1c, CVRR, vibration test, and ATR (normal/

decreased/absent) were 9.7±2.1%, 3.9±2.0%, 9.3±3.8 s,

and 112/14/63, respectively. Mean weight loss during hos-

pitalization was 3.6±3.5%. BMI declined from 26.9

±6.2 kg/m2 to 26.0±5.9 kg/m2. GA decreased from 24.5

±7.9% to 21.0±5.4%. The clinical characteristics of all

participants at baseline are indicated in Table 1.

Impact of CVRR, Vibration Test, and ATR

on Effective Weight Loss During

Hospitalization
A Cox proportional hazards model was used in analysis based

on CVRR, after adjustment was made for the previously

indicated confounders, with the hazard ratio for successful

weight loss during hospitalization 1.17 (95% CI 1.07–1.28,

P=0.0006). Also, using a Cox proportional hazards model in

analysis including the three categories based on CVRR, after

adjustment was made for the previously mentioned confoun-

ders, the hazard ratios by increasing tertile of CVRR were 1.0,

1.79 (1.11–2.88, P=0.018), and 2.17 (1.29–3.62, P=0.003),

respectively (P=0.003 for trend) (Figure 1A).

The same model was used for vibration test results, after

adjustment was made for the same confounders, with the

hazard ratio for successful weight loss during hospitalization

being 1.93 (1.01–3.68, P=0.045). The same model also was

used for the three categories based on the vibration test, after

adjustment was made for the same confounders. As a result,

the hazard ratios by increasing tertile of vibration tests were

1.0, 1.03 (0.61–1.71, P=0.92), and 1.84 (1.10–3.08, P=0.02),

respectively (P=0.02 for trend) (Figure 1B).

The same model was used for the three categories of ATR,

after adjustment was made for the same confounders. As

a result, the hazard ratios by worsening ATR were 1.0, 0.72

(0.33–1.54, P=0.39), and 0.88 (0.58–1.34, P=0.56), respec-

tively (Figure 1C).

Comparisons of Clinical Characteristics

Among the Study Participants Divided

into Tertiles by CVRR
As described above, because a strong association between

tertiles of CVRR, as well as of vibration tests and weight

loss, was observed, the study participants were divided into

tertiles of CVRR. The clinical characteristics of participants in

each tertile are indicated inTable 1.Comparedwith the patients

in the low tertile, the patients in the high tertile were signifi-

cantly younger, after adjustment wasmade for sex. In addition,

duration of T2D in the middle and high tertiles and hospital

stay in the high tertile were significantly shorter comparedwith

the low tertile, after adjustment was made for age and sex. On

the other hand, among the three categories, no differenceswere

observed in BMI, bodyweight, HbA1c, and GA on admission

and at discharge, or in dietary caloric intake after adjustment

was made for sex and age.

Discussion
In this retrospective observational study, results of CVRR

and the vibration test were significantly associated with

bodyweight change by strict caloric restriction among

Japanese patients with T2D. To the best of our knowledge,

this is the first study to investigate the association between

diabetic neuropathy and bodyweight change during hospi-

talization under strict caloric restriction. These results

suggest that severity of diabetic neuropathy lessens the

effectiveness of diabetic treatment such as caloric restric-

tion especially among overweight patients with T2D.

The main hypothesis of this study was that diabetic auto-

nomic neuropathy among patients with T2D would induce

insufficient metabolic regulation, resulting in the blocking of

successful weight loss under strict caloric restriction during

hospitalization. The results of this study might support this

hypothesis and indicate the possibility that diabetic neuropathy

directly or indirectly affects bodyweight.

Although the mechanisms responsible for the association

are unclear, several hypotheses can be proposed. Autonomic

nerves have recently been recognized as a key constituent of

the endogenous system for maintaining energy homeostasis.18

Several studies investigated the importance of neurological

pathways in medication for management of diabetes. For

example, it was reported that duodenal GLP-1 receptor–pro-

tein kinase A signaling and a neuron-mediated gut–brain–liver

pathway were required for metformin to lower hepatic glucose

production.19 In addition, it was shown thatGLP-1 in the portal

vein evoked a strong neuron-mediated insulinotropic effect,

suggesting a neuro-incretin effect in a rat model.20 Again, in

a rat model, food-intake suppression after peripheral injection

of exendin-4 and liraglutide was shown to be mediated by

activation of GLP-1 receptor expressed on vagal afferents.21

The effect of SGLT2 inhibition on bodyweight is also reported

to be mediated via the liver-brain-adipose neurocircuitry in

a mouse model.22 Accordingly, the effect of several medica-

tions for T2D could be negatively modified by autonomic

nerve damage such as in the vagal nerve. More directly, the

vagal nerve stimulation system, comprising a flexible and

biocompatible nanogenerator on the surface of the stomach
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and generating biphasic electric pulses in response to peristal-

sis of the stomach, was reported to reduce food intake and

achieve weight management by stimulating vagal afferent

fibers.23 Including these findings, our results suggest that dia-

betic autonomic neuropathy affects the selection of medical

treatment for T2D including bodyweight management.

Clinical characteristics of patients with high CVRR in this

study included a comparatively young age with a short dura-

tion since T2D onset (Table 1). Subjects in this study were

between the ages of 30 and 80, with age adjusted statistically,

because CVRR results are known to be influenced by age.

However, younger patients could measure differently vis-à-vis

environmental factors because of such variation as high exer-

cise tolerance. Other undetermined factors related to age or

generation besides CVRRmight have influenced the impact of

bodyweight. Accordingly, further study is needed to generalize

these results and draw definitive conclusions regarding the

impact of diabetic neuropathy on bodyweight change.

Results of the vibration test, an examination of somatic

sensory function, were also associated with bodyweight reduc-

tion in our study. Considering progression patterns and natural

history of diabetic neuropathy, this result was expected. In

general, diabetic polyneuropathy progresses from somatic

sensory nerve dysfunction, represented by vibration test

results, to autonomic nerve dysfunction, represented by

CVRR test results, and then to somatic motor nerve

dysfunction.14,24 Accordingly, the worsening of CVRR test

results has the potential to be accompanied by increased

severity in vibration test results. This study’s findings showed

that diabetic autonomic neuropathy generally coexisted with

peripheral neuropathy. As a result, it was reasonable that the

hazard ratios of tertiles for both the CVRR and vibration tests

were comparable, as indicated in Figure 1A and B. Contrary to

the vibration test, ATR was found to not be associated with

bodyweight reduction, although ATR was used mainly for

sensory nerve assessment. One reason for this negative result

Table 1 Clinical Characteristics of Study Subjects According to CVRR Category

All Subjects Low Tertile Middle Tertile High Tertile

M/F (n) 116/77 30/33 38/20 41/21

Age (years) 60.4 ± 12.9 64.7 ± 10.8 59.7 ± 12.9 56.1 ± 13.6†

Duration of type 2 diabetes (years) 12.0 ± 9.5 16.3 ± 9.4 11.0 ± 8.8* 8.7 ± 9.0†

Hospital stay (days) 12.3 ± 2.7 12.9 ± 3.1 12.7 ± 2.6 11.4 ± 2.1†

Dietary caloric intake (kcal) 1564 ± 193 1508 ± 195 1592 ± 189 1585 ± 183

BMI on admission (kg/m2) 26.9 ± 6.2 25.8 ± 4.8 27.1 ± 6.5 27.4 ± 6.3

Body weight on admission (kg) 71.0 ± 18.7 65.3 ± 13.1 73.1 ± 22.1 73.0 ± 17.9

HbA1c on admission (%) 9.7 ± 2.1 9.9 ± 2.2 9.2 ± 1.9 9.8 ± 2.2

GA on admission (%) 24.5 ± 7.9 26.4 ± 8.0 23.1 ± 8.1 23.8 ± 7.5

BMI at discharge (kg/m2) 26.0 ± 5.9 24.9 ± 4.7 26.1 ± 6.3 26.3 ± 6.1

Body weight at discharge (kg) 68.4 ± 18.0 63.1 ± 12.8 70.3 ± 21.5 70.3 ± 17.3

GA at discharge (%) 21.0 ± 5.4 23.0 ± 5.7 19.2 ± 4.5† 20.7 ± 5.6

Body weight change (kg) 2.6 ± 2.9 2.2 ± 1.3 2.8 ± 1.9 2.7 ± 4.3

BMI change (kg/m2) 0.99 ± 1.06 0.88 ± 0.54 1.05 ± 0.68 1.03 ± 1.55

CVRR (%) 3.9 ± 2.0 1.9 ± 0.6 3.7 ± 0.5† 6.1 ± 1.5†

Vibration test (second) 9.3 ± 3.8 7.8 ± 4.0 9.5 ± 3.5 10.9 ± 3.1†

ATR (N/D/A) 112/14/63 28/6/26 41/3/14 41/4/15

Retinopathy (N/S/P) 135/37/21 31/19/13 44/11/3 51/6/5

Neuropathy (n) 64 18 17 26

Nephropathy (Stage 1/2/3/4) 124/46/17/4 38/15/9/1 36/16/4/2 46/12/3/1

Treatment for diabetes (n)

Insulin/SU/Glinides/TZD 49/48/16/44 24/17/6/19 13/17/4/9 9/14/3/14

BG/α-GI/DPP-4I 89/32/92 31/12/32 29/7/32 25/11/22

SGLT2I/GLP1RA 26/18 6/7 10/2 9/8

Treatment for dyslipidemia (n) 102 36 29 29

Treatment for hypertension (n) 85 34 21 22

Notes: Data are shown as mean ± SD. *P < 0.05 compared to category of low tertile adjusted for age and sex except age. †P < 0.01 compared to category of low tertile

adjusted for age, and sex except age. CVRR data in 10 subjects were missing for irregular pulse(s) during examination.

Abbreviations: BMI, body mass index; GA, glycoalbumin; N/D/A, normal/decreased/absent; N/S/P, none/simple/pre or proliferative; SU, sulfonylureas; TZD, thiazolidine-

dione; BG, biguanide; α-GI, alpha-glucosidase inhibitors; DPP-4I, dipeptidyl peptidase-4 inhibitors; SGLT2I, sodium-glucose linked transporter 2 inhibitors; GLP1RA, glucagon-

like peptide 1 receptor agonist.
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could have been the result of the small number of study

participants. In addition, patient distribution was skewed: nor-

mal, diminished, and absent patient numbers were 112, 14, and

63, respectively. The other and most plausible reason might

have been that this was a qualitative rather than a quantitative

examination. Furthermore, presumably the most plausible

reason might only explain the limitation of the three existing

examinations for evaluation of somatic and sensory neuropa-

thy with high sensitivity and specificity.

The present study has several limitations, other than

age as described above. First, it was a retrospective, obser-

vational, and single-center study with a limited study

population. Second, the observation period was also lim-

ited. Third, CVRR is an examination used mainly to assess

parasympathetic nerve function, especially with regard to

the cardiovascular autonomic nerve system, not sympa-

thetic nerve function or the gastrointestinal autonomic

nerve system, the latter of which would directly affect

parasympathetic nerve function. Furthermore, the three

examinations for neuropathy were conducted only once,

and neuropathy symptoms were not considered. In addi-

tion, for the treatment of diabetes, the medications that

would affect bodyweight change during hospitalization,

except SGLT2 inhibitors and GLP-1 analogues, were not

taken into consideration, because every treatment was

individualized and patient-centered, not standardized.

Lastly, evaluation of central obesity, smoking status or

activity of daily lives, namely habitual and comorbid fac-

tors, were not assessed in the study.

Conclusion
This study found that T2D patients with diabetic neuropathy

had difficulty in effectively reducing bodyweight under strict

caloric restriction during hospitalization. These results suggest

that, in patients with T2D, maintaining good glycemic control

to prevent diabetic neuropathy is a critical part of bodyweight

management.
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