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ABSTRACT

RESUMEN

In this cross-sectional descriptive study, body composition
was evaluated by bioelectrical impedance in patients with
type 2 diabetes (T2D) and contrasted with the differences
in body composition parameters associated with the num-
ber of diabetes-related complications. In 648 patients with
T2D and regular primary care in Mexico City, an initial and
comprehensive evaluation with bioelectrical impedance
monofrequency (50 Hz) analysis and an assesment of the
presence of diabetes-related complications was obtained,
including diabetic renal disease, diabetic retinopathy, pe-
ripheral diabetic neuropathy, history of macrovascular com-
plications, and history of diabetic foot ulcer. Body composi-
tion parameters were different between patients with
complications and patients with no complications, includ-
ing extracellular water (p < 0.024), resistance (p < 0.006),
reactance (p < 0.001), and phase angle (PA) (p < 0.001). In

En este estudio descriptivo de corte transversal, la com-
posicién corporal fue evaluada por impedancia bioeléctrica
en pacientes con diabetes tipo 2 y contrastada con las difer-
encias en los parametros de composicién corporal acorde al
numero de complicaciones relacionadas a diabetes. En 648
pacientes con diabetes tipo 2 y atencién primaria regular en
la Ciudad de México se realizé una evaluacioén inicial e inte-
gral incluyendo el andlisis de composicién corporal por im-
pedancia bioeléctrica con monofrecuencia (50 Hz) y la evalu-
acion de la presencia de complicaciones relacionadas a
diabetes, que incluyeron: enfermedad renal diabética, reti-
nopatia diabética, neuropatia diabética distal periférica, his-
toria de complicaciones macrovasculares e historia de uUlcera
de pie diabético. Los pardmetros de composicion corporal
fueron diferentes entre pacientes con complicaciones y pa-
cientes sin complicaciones, incluyendo agua extracelular
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subgroup analysis, according to the number of complica-
tions documented, higher extracellular water (p < 0.001),
lower resistance (p < 0.001), lower reactance (p < 0.001), and
lower PA (p < 0.001) were associated to a higher number of
complications. PA, extracellular water, resistance, and reac-
tance were different according to the diabetes-related com-
plications profile implying a potential role for diagnosis and
prognosis purposes.

Key words: Diabetes complications. Body composition.
Phase angle. Impedance.

INTRODUCTION

Type 2 diabetes (T2D) is characterized by insuffi-
cient insulin secretion, insulin resistance, altered
fuel metabolism, and development of diabe-
tes-specific complications in the eye, kidney, pe-
ripheral nerve, accelerated arterial disease in
heart, brain, and lower extremities’. As a conse-
quence of these complications, diabetes is the
leading cause of new blindness in people of 20-74
years old, end-stage renal disease, and both neu-
ropathy and non-traumatic lower extremity ampu-
tations2. Overall life expectancy in people with
T2D is about 7-10 years shorter than people with-
out diabetes?.

Changes in body composition that accompanies
the onset of diabetes and disease progression have
an important impact on metabolism and insulin
sensitivity?. Assessing the body's tissue composi-
tion might be an important part of the manage-
ment of patients with T2D (people with diabetes
[PwD]), given the role of fat and lean tissue in lipid
and glucose metabolism* Body composition as-
sessment is suggested as part of comprehensive
care in PwD. In clinical practice, body composition
assessment is limited to anthropometric measure-
ments as waist-hip ratio, body mass index (BMI)
among others. It allows to identify patients with
higher risk of weight associated comorbidities, to
set goals in weight reduction, and to evaluate dia-
betes therapeutic interventions (pharmacological
and non-pharmacological).
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(p < 0.024), resistencia (p < 0.006), reactancia (p < 0.001) y
angulo de fase (p < 0.001). En el andlisis de subgrupos de
acuerdo con el nimero de complicaciones documentadas,
mayor agua extracelular (p < 0.001), menor resistencia
(p < 0.001), menor reactancia (p < 0.001) y menor angulo de
fase (p < 0.001) se asociaron a un mayor numero de compli-
caciones. El angulo de fase, el agua extracelular, la resistencia
y la reactancia fueron diferentes segun el perfil de compli-
caciones relacionadas con la diabetes, lo que implica un
potencial papel diagnéstico y prondstico.

Palabras clave: Complicaciones de la diabetes. Com-
posicién corporal. Angulo de fase. Impedancia.

Bioelectrical impedance analysis (BIA) is a simple,
non-invasive, easy to operate, and low cost for de-
termining body composition*. The estimates of
body composition by BIA (e.g., muscle mass or fat
mass) may be biased by errors from underlying as-
sumptions of body composition models°. Moreover,
measurements determined directly by BIA have be-
come promising alternatives in recent years®’. Di-
rect bioimpedance measurements comprise resis-
tance (in ohms), reactance (in ohms), and the
derived phase angle (PA) (in degrees). The PA is
calculated as the arc tangent of the BIA vectors re-
actance and resistance, which describe the opposi-
tions to an injected alternating electrical current of
cell membranes, in the case of reactance, and body
fluids, in the case of resistance’. The PA is an indica-
tor of the amount of electrical charge that cell
membranes can hold. Because the PA depends on
total cell membrane mass, it could be a helpful in-
dex of cellular health and function. High PA sug-
gests better cellular membrane integrity and a
higher cell mass. PA has been identified as a valu-
able measurement for the diagnosis, monitoring,
and prognosis of various disorders®'°, Dittmar re-
ported that PA is a good indicator of catabolism and
has an inverse correlation with T2D duration and
glycemic control'. Moreover, the evidence about
direct BIA parameters in ambulatory PwD and the
utility to predict T2D complications is scant. There-
fore, the aim of this study is to evaluate the perfor-
mance of BIA to suspect the presence of diabe-
tes-related complications and T2D severity
according to the number complications in PwD in
a primary care setting.
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MATERIALS AND METHODS

Subjects

This study is a cross-sectional assessment of data
collected from standard care of all consecutive
PwD who participate in the DIABEMPIC program
(Diabetes EMPowerment and Improvement of
Care) from January 2017 to May 2019 at Clinica
Especializada en el Manejo de la Diabetes en la
Ciudad de México from the Mexico City govern-
ment. DIABEMPIC program is a quality improve-
ment of care initiative of the public primary health-
care system, designed to improve clinical outcomes
in PwD through multicomponent interventions
including interdisciplinary care and self-manage-
ment education schemes'>'3. The patients were
referred from 36 primary outpatient centers locat-
ed in urban areas of Mexico City and were benefi-
ciaries of the INSABI (public health insurance, pre-
viously Seguro Popular). The study protocol was
approved by the ethics and investigation in hu-
mans committee institutional review board (609-
010-01-18). DIABEMPIC study was registered in
ClinicalTrials.gov (ldentifier: NCT04245267). The
participation criteria were as follows: (a) T2D pa-
tients older than 18 years, (b) without any acute or
chronic complication that required short-term hos-
pital care, and (c) acceptance to participate after
explaining the program. The data related to demo-
graphic characteristics, time since diagnosis, co-
morbidities, and physical medical examination
were collected from medical records and confirmed
during medical interviews.

Diabetes-related complications
assessment

To determine the presence of diabetes-related
complications, standardized criteria from interna-
tional clinical practice guidelines' were imple-
mented. For this study, five diabetes-related com-
plications were considered: diabetic retinopathy,
diabetic kidney disease, peripheral diabetic neu-
ropathy, cardiovascular disease (ischemic heart

disease, cerebral vascular disease, and/or periph-
eral arterial disease), and history of diabetic foot
ulcer. Diabetic retinopathy assessment includes
fundoscopy examination with mydriatic camera
by an ophthalmologist. Diabetic kidney disease
was defined by increased urine albumin/creati-
nine ratio (> 30 mg/g) in a random spot urine
collection and/or decreased estimated glomerular
filtration rate (< 60 ml/min/1.73 m? defined by
Chronic Kidney Disease Epidemiology Collabora-
tion equation). Abnormal sensitive and/or vibra-
tory perception for distal diabetic neuropathy
assessment through 1 g monofilament and 128 Hz
tuning fork was evaluated'#'>, Established cardio-
vascular complication presence was obtained
from medical records and confirmed during med-
ical interview and included the history and man-
agement of coronary artery disease symptoms
and/or acute coronary syndromes, history and
management of cerebral vascular disease and/or
cerebral vascular event, and history and manage-
ment of peripheral arterial insufficiency and/or
peripheral arterial disease event. History of dia-
betic foot ulcer presence was asked during medi-
cal interview.

BIA

Whole-body bioelectrical impedance was measured
using a tetrapolar and monofrequency equipment
(Seca® 515/514, Hamburg, Germany). All measure-
ments were performed in accordance with the re-
ported technique’®. Patients avoided alcohol intake
24 h before the measures. After 8 h of fasting and
no vigorous physical activities, the patients re-
moved all metallic objects that were in contact with
the skin to avoid erroneous measurements. To ob-
tain the impedance values, we used a frequency of
50 kHz. PA was obtained by a previous predictive
formula'.

Statistical analysis
We used mean and standard deviation to describe

continues variables and absolute and relative fre-
quency for categorical variables. The differences
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Table 1. Clinical characteristics of the study population
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Characteristics n = 648
Female, % 67.7 (463)
Age, years 543+114
Diabetes duration, years 115+79
Hypertension, % 50.6 (346)
Obesity, % 44.6 (205)
Cardiovascular complications, % 3.121)
Diabetic retinopathy, % 304 (208)
Diabetic renal disease, % 34.5 (236)
Diabetic foot ulcer history, % 2.9 (20)
Peripheral diabetic neuropathy, % 51 (349)
Weight, kg 724 +16.02
Body mass index, kg/m? 298 +59
Glycated hemoglobin, % 9.69 £ 225

Data are presented as percentage (number) or mean + standard deviation as indicated.

among the patients with no complication versus
any complications were performed with Pearson’s
Chi-square test for categorical variables and un-
paired Student’s t-test for continuous variables.
Furthermore, subgroups by number of complica-
tions (0-4) adjusted by age were assessed by an
analysis of covariance (ANCOVA). p < 0.05 was con-
sidered statistically significant. Analyses were per-
formed using SPSS version 21 (IBM, Armonk, NY,
USA).

RESULTS

A total of 648 PwD were included in the study. Most
patients were female (67.7%), 50.6% has hyperten-
sion and according to the BMI obesity criteria 44.6%
had obesity. The patients had a mean age of
54.3+11.4and a mean disease durationof 11.5+7.9
years. The most common diabetes-related compli-
cation was peripheral diabetic neuropathy (51%),
followed by diabetic renal disease (34.5%), diabetic
retinopathy (30.4%), cardiovascular complications
(3.1%), and diabetic foot ulcer history (2.9%). These
data are summarized in table 1.
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As a result of the evaluation for the presence of di-
abetes-related complications, 212 patients (31%)
were classified as absence of complications group
and 472 patients (69%) in the presence of any com-
plication group. Table 2 shows the comparison of
BIA parameters between complications categories,
divided by any complication and non-complication
profile. Extracellular water, resistance, resistance/
height, reactance, reactance/height, and PA were
different among groups (p < 0.05).

Figure 1 shows means of extracellular water, resis-
tance, reactance, and PA according to the number
of diabetes-related complications. Higher extracel-
lular water volume was observed across the incre-
mental presence of complications (p < 0.001). Low-
er resistance, reactance, and PA were observed
across the incremental presence of complications
(p < 0.001).

DISCUSSION

This study showed how the presence of diabetes-re-
lated complications influence the body composition
parameters obtained by BIA. We also report
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Table 2. Bioelectrical body composition characteristics according to the presence or absence of diabetes-

related complications

Variables Total No complication Any complication )
n = 648 n =212 (31%) n =472 (69%)

Weight, kg 7245 £ 16.02 723+ 151 725+ 1642 0.868
Glycated hemoglobin, % 9.69 + 2.25 951 £222 9.77 £ 2.27 0.160
Total body water, | 326+ 727 3259 £ 6.72 32.66 = 7.51 0916
Extracellular water, | 15.07 +2.88 14.72 + 2.56 1523 £ 3.01 0.024
Hydration, % 85.06 = 16.07 8262 £ 13.35 86.16 = 17.05 0.004
Resistance, ohms 591.02 £ 85.26 604.30 + 78.67 585.07 £ 8748 0.006
R/H, ohms/m 38191 £ 64.75 389.34 + 59.22 378.59 + 66.86 0.045
Reactance, 5035+ 957 5390 £ 792 48.77 £ 9.83 0.001
Xc/H, ohms/m 3249 £ 652 34.66 £ 542 3151+ 674 <0.001
Phase angle, © 4.88 = 0.69 51061 4.78 £0.70 <0.001
FFMI, kg/m? 17.73 £ 2.71 17.73 £242 17.74 £ 2.83 0.960
Fat mass index, kg/m? 123 £5.20 11.99 £ 4.23 1245 + 558 0.236
Fat mass, kg 28.80 = 10.59 2894 £ 10.04 28.73 £10.84 0.809
Fat mass, % 3832+ 10.55 3852 £ 946 3824 +£11.02 0.733

R/H: Resistance/height; Xc/H: Reactance/height; FFMI: Fat-free mass index. Data are presented as mean + standard deviation.

Extracellular wiéter (liters)

Reactance [ohms)

Number of complications

E
s

Resistance

Phase angle [°)

Number of complications

Number of complications

Figure 1. Bioelectrical impedance measures according to the number of diabetes-related complications in the study population (n = 648).
Data are expressed as mean of (A) extracellular water; (B) resistance; (C) reactance; (D) phase angle. p < 0.001 age-adjusted differences were

obtained in (A, B, C, and D) according to the number of complications by ANCOVA.
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difference in BIA parameters (extracellular water, re-
sistance, reactance, and PA) according to the num-
ber of diabetes-related complications, suggesting a
diagnosis role of this parameters, but also a poten-
tial role as severity markers of the disease in PwD.
To the best of our knowledge, this is the first study
demonstrating progressive changes in body com-
position parameters according to the number of
diabetes-related complications in ambulatory PwD.

In a preliminary report, we found a different PA
among PwD with presence/absence of microvascu-
lar diabetes-related complications'. In this study,
we found an inverse relation between the number
of complications and PA, resistance, and reactance
values. PA is calculated from the resistance and re-
actance values and it is associated with body cell
mass. Reactance is related to the capacitance prop-
erties of the cell membrane and higher values indi-
cate better health and cell membrane integrity, and
resistance is the opposition offered by the body to
the flow of an alternating electrical current, and it
is inversely related to the water and electrolyte con-
tent of tissue'®. Some patterns of body composition
have been reported in PwD, among these are those
characterized by loss of muscle mass (sarcopenia),
by water retention, or by accumulation of adipose
tissue3. These changes could explain the differences
in body composition values found in this study and
its association with the number of complications.
Previously, in reports including patients not exclu-
sively with diabetes have been informed about
body composition phenotypes linked to worse
prognosis®. For example, in patients with cardiovas-
cular disease is well recognized that body composi-
tion subtypes characterized by low muscle mass are
associated with higher mortality risk?’, the mecha-
nism behind this association is not clear. Moreover,
patients with chronic kidney disease are more likely
to develop fluid retention and lean mass loss, both
characteristics linked to worse prognosis?'?2,

On the other hand, PwD had a threefold higher risk
of sarcopenia than subjects without diabetes ex-
plained by hyperglycemia, insulin resistance, in-
creased inflammatory cytokines, and associated
diabetes complications (peripheral neuropathy and
reduction in motor neurons), and this is related with
disability?>?4. Insulin stimulates protein synthesis
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and defects in insulin signaling may lead to reduced
muscle protein synthesis and increased protein
degradation?”. Protein degradation produces alter-
ation in cell membrane integrity and shift of fluids
from intracellular to extracellular space with a con-
comitant decrease in body cell mass, both lowering
PA. Such disease-related alterations in fluid distribu-
tion are reflected in PA measures?, This study sug-
gests the usefulness of BIA for identify low lean
mass and fluid retention body phenotypes through
extracellular water, resistance, reactance, and PA
measurements, something that agrees with the
presence of complications.

The number and severity of diabetes complications
are independently associated with increased risk of
mortality and hospitalization in primary care pa-
tients with diabetes?’. In México, diabetes quality of
care indicators such as mydriatic fundoscopy exam-
ination or diabetic kidney assessment are poorly
executed?®. According to our results, BIA could per-
mit identify high-risk patients, and along with the
vast related literature in other conditions, it could
be suggested the incorporation of BIA to clinical
decision-making process by health-care profession-
als in PwD. There were no differences in the BMl and
weight of the patients in both groups (no complica-
tions vs. any complications) in this study, which sug-
gest usefulness of BIA to identify populations that
could have increased complications risk and worse
prognosis, which are not identifiable by routine an-
thropometric evaluation. Changes in bioelectrical
impedance parameters overtime that may occur as
a result of therapeutic interventions (nutrition and
exercise) to improve health should also be explored.

The present study had limitations such as it was
performed in a single center; thus, a center-specific
bias cannot be excluded, further validation in other
populations is needed. Moreover, it is not only the
presence of comorbidity but also its severity that
influences alteration in bioelectrical impedance pa-
rameters and this was not evaluated, so we recom-
mend analyzing severity of each complication and
its association with BIA parameters in future studies.
The prevalence of cardiovascular complications and
history of diabetic foot ulcer were reported low in
this study, it could be explained for the primary care
setting the study was developed, and we suggest
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to evaluate the usefulness of BIA in populations
with higher prevalence of these complications.
However, most patients with diabetes have regular
care in primary care settings, and despite the low
prevalence of these complications in this study, it
was possible to obtain significative results, suggest-
ing its usefulness at this setting.

CONCLUSIONS

PA, extracellular water, resistance, and reactance
were different according to the diabetes-related
complications profile implying a potential role for
diagnosis and prognosis purposes.
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