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Objectives: Myotonic dystrophy type 1 (DM1) is an inherited muscle disorder characterized by slowly pro-
gressive weakness due to muscle degeneration. The Muscular Impairment Rating Scale (MIRS) is validated to
assess clinical muscle severity of patients with DM1, although the scale is not sensitive enough to assess dis-
ease progression in time intervals fit for clinical trials. The aim of this study was to analyze bioelectrical
whole body and arm segmental parameters in patients with DM1 to explore a correlation between bioelectri-
cal impedance analysis (BIA) parameters and disease stage.
Methods: Forty patients with DM1 were enrolled in a cross-sectional study. In all patients, MIRS, handgrip
strength (HGS), and BIA were assessed. A Kruskal—Wallis test was used to assess the difference in continuous
variables according to MIRS. Correlation between BIA values and HGS were made by Pearson’s coefficient
analysis. A linear regression analysis was performed.
Results: Eighteen of 40 patients were men (45%). The median age of the cohort was 42 y (3058 y). Four
patients (10%) were classified as MIRS 1; 20 (50%) MIRS 2; 11 (27.5%) MIRS 3; and 5 (12.5%) as MIRS 4. A cor-
relation was observed between phase angle and MIRS (P=0.0001). MIRS correlated with other BIA values
such as resistance, impedance ratio, and capacitance (P=0.005, P=0.0001, P=0.0006, respectively). At linear
regression analysis, segmental resistance, phase angle, impedance ratio, and capacitance of both arms signifi-
cantly correlated with HGS.
Conclusions: Results from the study support the use of BIA as a suitable procedure for staging DM1 muscle
involvement and as a measure of muscle disease outcome, in clinical practice and in clinical trial design of
therapeutic drugs.

© 2019 Elsevier Inc. All rights reserved.

Introduction

autosomal dominant inherited disease, caused by a pathologic
expansion of a polymorphic CTG unstable repeat in the 3'UTR of

Myotonic dystrophy type 1 (DM1) or Steinert’s disease is the
most common form of adult-onset muscular dystrophy, with an
estimated prevalence of about 1 in 8000 in Europe. It is an
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the DMPK gene. From a clinical point of view, DM1 is a multisystem
disease with a nonuniform clinical severity, including muscle
symptoms such as myotonia, an impaired muscle relaxation after a
voluntary contraction; and progressive muscle weakness typically
affecting the cranial muscles, the distal limb muscle compartment,
the axial, and the respiratory muscles. Other affected tissues
include the heart, the central nervous system, the endocrine
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system, the eyes, and the gastrointestinal tract [1]. Regarding mus-
cle involvement, limitations in mobility or walking are common in
patients with DM1, although the need for a wheelchair is not [2].
Genotype—phenotype studies documented a direct correlation
between the number of the CTG in leukocytes and the severity of
muscle impairment [3], which instead shows an inverse correla-
tion with the age of symptom onset [4,5].

The Muscular Impairment Rating Scale (MIRS) was originally
proposed by Mathieu et al. [3] as a disease-specific staging system,
and it is currently and widely used in clinical practice to assess the
severity of muscle impairment in patients with DM1. It is an ordi-
nal 5-point rating scale, filled out by a trained observer (generally
a neurologist) evaluating the clinically recognized distal-to-proxi-
mal progression of the muscular involvement, based on a manual
muscle testing (MMT) assessed on 11 muscle groups [3].

On the other hand, as objective measures in the studies for
diagnosis and staging of muscle impairment in patients with DM1,
dual-energy x-ray absorptiometry (DXA) and handgrip strength
test (HGS) have been employed to evaluate whole and regional
body muscle composition and muscle function, respectively [6,7].
However, to our knowledge, none of these validated outcome
measures of skeletal muscle involvement have been shown to be
sensitive enough to detect any significant changes in patients with
DM1 within a time span of 12 mo, and thus would not be fit as out-
come measures for therapeutic trials [8].

Recently, the use of bioelectrical impedance analysis (BIA) has
increased in clinical practice as a safe, reliable, and easy-to-per-
form tool for evaluating body composition changes in several clini-
cal settings [9—11]. The BIA procedure is based on the principle
that the passage of an alternate electric current in a body may find
an impedance related to the patient’s body composition [12]. The
impedance (Z) to the passage of a current through the body con-
sists of two components: resistance (R) and reactance (Xc), with R
deriving from extracellular water (ECW) and intracellular water
(ICW) content (water and electrolytes), and Xc arising from cell
membranes and tissue interfaces. The relationship between R and
Xc is expressed by a single parameter called phase angle (PhA),
which has been largely accepted as a prognostic marker of body
cell mass (BCM) and an indicator of cell membrane function
[13,14]. PhA depends on R and Xc, according to the following for-
mula:

PhA = arctan(Xc/R) x (180/m).

The objectives of this cross-sectional study were as follow:

e Analyze the whole body and arm segmental bioelectrical
parameters in patients affected by DM1 using a multifrequency
(MF) BIA apparatus.

e Explore a possible correlation between whole body PhA and
stage of disease as assessed by MIRS.

e Explore a possible correlation between segmental PhA, mea-
sured alternatively in both arms, and muscular function using
HGS.

Material and methods

This was a cross-sectional, pilot clinical study conducted on a recruited cohort
of 40 patients with DM1. Inclusion criteria were age >18 y, ascertained molecular
diagnosis of DM1, and not carriers of implanted cardiac devices (pacemaker).
Patients were progressively enrolled from May 2017 to September 2018, either at
the ambulatory setting or during hospitalization at the Neurology Unit of Fonda-
zione Policlinico “A. Gemelli” IRCCS (Rome, Italy).

The study protocol included the following:

® (linical assessment of skeletal muscle disease severity, performed by the same
physician by the MMT [15] and classified according to MIRS (3): MIRS 1 (no

muscular impairment); MIRS 2 (minimal signs, such as myotonia, jaw and tem-
poral wasting, facial weakness, neck flexor weakness, ptosis, nasal speech);
MIRS 3 (distal weakness); MIRS 4 (mild to moderate proximal weakness); and
MIRS 5 (severe proximal weakness).

Nutritional assessment carried out by specialized dietitians: For each patient,
demographic data, body weight, height and body mass index (BMI) were col-
lected. Body weight was obtained using a professional balance beam scale
with height rod (Seca 700 Physician’s Balance, Seca, Germany) with patients
not wearing shoes. BMI was calculated as weight divided by height squared
(kg/m?). The Nutritional Risk Screening (NRS) 2002, endorsed by European
Society for Clinical Nutrition and Metabolism was performed to estimate nutri-
tional risk and consisted of a two-phase test investigating nutritional status
(1-3 points) and severity of disease (1—3 points). An additional point was
added to the final score if the patient was >70 y of age. A numerical score of
<3 stands for “no nutritional risk”; >3 identifies patients at nutritional risk,
who are in need of a nutritional assessment and care plan [16].

® Assessment of HGS using a hand dynamometer (DynEx12-0455 Digital Hand
Grip, Akern Srl, Florence, Italy) according to accepted standards [17]. Three
measures were obtained from each patient, and the mean HGS was calculated.

BIA measurement was carried out using the MF-BIA Bodystat Multiscan 5000
(Bodystat LTD, Isle of Man), a phase-sensitive bioimpedance device. The instru-
ment directly measures Xc, R, and PhA through specifics in the electronic cir-
cuitry (direct measures; not calculated). The device also calculated the
impedance ratio (IR), which is the ratio between the impedance Z measured at
200 and 5 kHz [18], according to the formula:

IR = (Zat200kHz)/(Z at5 kHz)

and cell membrane capacitance (C), which corresponds to the ratio of charge
collected on the conductor to the potential of the conductor [19]. C is linked to
R according to the formula:

R =1/2 x 7 x frequency x C.

Whole body and segmental measures of each arm alternatively were obtained
with patients lying supine on the bed, with arms not touching the torso (trunk)
and legs not touching at the thigh [20]. We used low inherent impedance elec-
trodes, as recommended by Lukasky et al. [12], specifically made for Bodystat
(electrode conformity agreement is available, on request from the
manufacturer).

This research was carried out according to the Declaration of Helsinki. The pro-
tocol was approved by the local Ethical Committee. As requested, an informed con-
sent was provided to patients. The study was written according to the STROBE
Statement for cross-sectional studies [21].

Statistical analysis

Data were collected and shared in an Excel spreadsheet. Statistical analysis
was performed using STATA Version 14 (Stata Corporation; College Station, TX,
USA). A Kolmogorov—Smirnov test was used to assess whether continuous varia-
bles had a normal distribution. Given the small population of the study, non-
parametric analyses were performed. Continuous variables are reported as median
(interquartile range); discrete variables as number (percentage). A Kruskal—Wallis
test was used to assess the difference in continuous variables according to MIRS.
Correlation between BIA values and HGS were made with Pearson’s coefficient
analysis. A linear regression analysis was performed to create a model between
the same variables. Type I (a) error was set at 0.05. Statistical significance was
defined when P < 0.05 (two-tailed).

Results

From May 2017 to September 2018, forty patients were consid-
ered eligible and enrolled. Of these, 18 (45%) were men. Median
age was 42 y (30-58). According to NRS-2002, only five patients
(12.5%) were at risk for malnutrition (NRS-2002 = 3). Median BMI
was 25.5 kg/m? (21.6—27.1). At neurologic visit, four patients (10%)
were classified as MIRS 1; 20 (50%) as MIRS 2; 11 (27.5%) as MIRS
3; 5(12.5%) as MIRS 4; and none were classified as MIRS 5. Median
HGS values were 10.5 (4.7—16.9) and 9.6 kg (4.7—17.2), respec-
tively in right and left arm (Table 1). Whole body BIA revealed PhA,
IR, and C respectively of 4.1° (2.6—4.9), 0.848 (0.831-0.899) and
1389.3 pF (769.7—1877.3). Both whole body and segmental meas-
ures are reported in Table 2. We found a significant association
between all whole body BIA-derived values and MIRS classes: At
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Table 1 Table 2
Patient characteristics Whole body and arm segmental BIA values
Patients enrolled (N = 40) Median (IQR)
n (%) Median (IQR) Whole body
R Q 628.3 (558—719.8)
Male 18 (45) Xc, 42 1(35.3-50.1)
Age,y 42 (30-58) PhA ° 1(2.6-4.9)
NRS-2002 IR 0. 848 (0.831-0.899)
0 8(20) C, pF 1389.3 (769.7—-1877.3)
1 7(17.5) Right arm
2 20(50) R Q 314.3 (254.7-371.5)
3 5(12.5) Xc, 205(183 25.7)
Height, m 1.64 (1.58-1.74) PhA ° 2(3.2-4.9)
Weight, kg 66.8 (58-74) IR 0. 86] (0.831-0.888)
BMI, kg/m? 25.5(21.6-27.1) C,pF 2570.3 (1322.6-4270)
MIRS Left arm
1 4(10) R Q 332.4(262.8-372.9)
2 20(50) Xc, Q 203(167 23.6)
3 11(27.5) PhA ° 8(2.8-4.2)
4 5(12.5) IR 0865 (0.839-0.887)
5 0(0) C, pF 2053.7 (1595.4—2592.9)
Right HGS, kg 10.5 (4.7—16.9)
Left HGS, kg 9.6(4.7-17.2) BIA, bioelectrical impedance analysis; C, capacitance; IR, impedance ratio; PhA,

BMI, body mass index; HGS, handgrip strength; MIRS, Muscular Impairment Rating
Scale; NRS, Nutritional Risk Screening

MIRS 1, PhA median value was 5.9° (5.1-6.1), at MIRS 2, median
PhA is 4.6° (4.1-5), at MIRS 3, 3° (2.5-4), at MIRS =4, 2° (1.8-2.1;
P=0.0001). Additionally, a strong statistical correlation with MIRS
was found with other BIA values such as R, IR, and C (P=0.005,
P=0.0001, and P=0.0006, respectively; Table 3). At linear regres-
sion, segmental R, PhA, IR, and C of right and left arms significantly
correlated with HGS (Table 4).

Discussion

One of the unmet needs regarding the clinical research about
DMT1 is the individuation, in relation to slow disease progression
occurring in such a disorder, of a fit and sensitive tool able to mea-
sure small changes in a relatively short time span, as is usually
needed in therapeutic trials. The quantified muscular testing
(QMT) and the MMT are included among the outcome measures of
muscle impairment, widely applied by neurologists in clinical prac-
tice and research. QMT measures the level of maximum voluntary
isometric force of a muscle group in a given position using a dyna-
mometer. MMT does not require any technical equipment as it is
manual according to the Medical Research Council (MRC) scale [15].
The results of both tests rely on patient cooperation, and in the case
of MMT on the strength opposed by the examiner, which might
influence the score assignment, particularly for MRC scores >3.

In DM1, the MIRS scale. which relies on MMT, was validated as
a measure of global muscle severity outcome, useful for the clinical
practice at baseline and in the long-term follow-up; indeed, MIRS
has been used for most clinical studies in patients with DM1, espe-
cially for those studies concerning genotype—phenotype correla-
tions.

As mentioned previously, the main issue is that in patients with
DM1, the decline in skeletal muscle strength is very slow, so that
MTT, HGS, or other functional disability methods are not sensitive
enough to measure significant changes over a 12-mo period [2].
MIRS would allow the detection of changes occurring over a 3- to
4-y period; therefore, it cannot be used to assess the efficacy of
therapies in trials lasting up to 24 to 36 mo [7,8].

Moreover, the individual variability of the natural history of
DMI, related to the underlying genetic defect associated with this
disorder, represents the other issue limiting the use of outcome
measures for muscle impairment successfully applied in other

phase angle; R, resistance; Xc, reactance

neuromuscular disorders. Finally, other disease manifestations
(i.e., the presence of muscle myotonia together with cognitive and
behavioral problems) might affect patient compliance, thus influ-
encing the reliability of measures using objective tools such as the
handheld dynamometer.

Therefore, we decided to assess BIA in a cohort of patients with
DMT1 in parallel with other outcome measures (MIRS, HGS), to ver-
ify its potential role as a quick and reliable objective measure of
muscle involvement.

BIA is a non-invasive, inexpensive, and easy-to-perform
method for measuring electrical characteristics of cell membranes.
BIA methods are single frequency (SF) and MF. The most used in
clinical practice is SF. A low-level alternate current generated by a
phase-sensitive impedance instrument passes throughout the
whole body within a tetrapolar surface electrode system (two elec-
trodes on the hand and two electrodes on the foot, on the same
side). Current finds an impedance (Z) penetrating cell membrane
and tissue interfaces, expressed as phase shift or PhA, mostly mea-
sured at the frequency of 50 kHz (SF-BIA). It depends on R, relying
on resistive components (water and electrolytes; at SF mainly
ECW) and on Xc, which reflects the capacitative properties of tis-
sues (cells and tissue interfaces); PhA has been considered an index
of cell membrane (structural and/or functional) integrity and vital-
ity [12]. PhA positively correlates with lean body mass (LBM) and
BCM and is inversely related to the ratio of ECW to ICW in healthy
adults, which is higher in critical conditions such as disease-related
malnutrition or fluid overload [22]. A low PhA is a negative prog-
nostic factor in several clinical settings, ranging from chronic dis-
eases to acute illness, and has been demonstrated to negatively
affect morbidity and mortality [23—25].

In MF-BIA, current passes at several frequencies (5, 50, 100,
200-500 kHz), depending on the device: At frequencies <50 kHz,
R depends on the ECW, whereas at higher frequencies, it also eval-
uates ICW, given the capacity of current to pass through cell mem-
branes. Thus, MF-BIA devices are able to measure the ratio
between high (200 kHz) and low (5 kHz) frequency Z (Z at 200
kHz)/(Z at 5 kHz), also called IR. A high IR has been associated with
low lumbar muscle mass and greater risk for malnutrition
[12,18,26].

The application of the BIA method goes beyond the clinical set-
tings. Many reports in sport science have investigated the relation-
ship between BIA parameters and muscle hypertrophy among
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Table 3
Whole body BIA parameters and correlation with MIRS
MIRS 1 MIRS 2 MIRS 3 MIRS 4 P-value

R 484 (424-603) 588 (543-639) 712 (628-794) 868 (693-1033) 0.005
Xc 50 (38-64) 46 (41-55) 37(34-43) 28(24-31) 0.001
PhA 59(5.1-6.1) 4.6 (4.1-5.0) 3.0(2.5-4.0) 2.0(1.8-2.1) 0.0001
IR 0.788 (0.777—0.814) 0.838 (0.820-0.847) 0.884 (0.857-0.899) 0.919 (0.915-0.925) 0.0001
C 2748 (2731-3025) 1703 (1352-2007) 948 (736-1367) 296 (167—-499) 0.0006

BIA, bioelectrical impedance analysis; C, capacitance; IR, impedance ratio; MIRS, Muscular Impairment Rating Scale; PhA, phase angle; R, resistance; Xc, reactance

healthy individuals and in particular among athletes. BIA values,
and in particular higher PhA values, have been correlated to BCM,
muscle mass, and higher performance and are significantly differ-
ent among normal individuals and amateur and professional ath-
letes [27,28]. Given the reliability of this technique in investigating
BCM in several contexts, we are confident that this method can be
shifted to the monitoring of DM1.

The present study showed a strong correlation between whole
body BIA values and clinical stage, according to MIRS. Moreover, at
linear regression analysis, the segmental BIA values of the right
and left arms showed a significant association with functional
muscle capacity, measured with HGS. To our knowledge, this was
the first report, to demonstrate that BIA-derived parameters corre-
late with the clinical staging of Steinert’s disease.

In the present cohort, only a few patients (12.5%) were at risk
for malnutrition. Also, mean BMI was normal. BMI in the normal
range could be explained by the progressive increase of fat mass
(FM) with a concomitant decrease in fat-free mass (FFM) both in
the trunk and the arms, as observed in studies analyzing body
composition through DXA [6,7]. In patients with DM1, muscle tis-
sue is progressively replaced by fibrosis and fat. A relationship
between metabolic disturbances and fat accumulation in DM1 has
been suggested [6]. Insulin resistance is a hallmark in this disease
and is probably linked to a skeletal muscle reduction of insulin
receptor RNA and protein expression, due to an altered splicing of
the insulin receptor premRNA [29]. This, in turn, increases the
expression of 11 (3-hydroxysteroid dehydrogenase type 1 (corti-
sone reductase) in adipose tissue, whose activity in myotonic dys-
trophy has been positively associated with obesity [30]. On the
other hand, a probable mechanism of muscle wasting in DM1 could
be explained through an abnormal postabsorptive and insulin-
stimulated regulation of protein breakdown due to low plasma
insulin-like growth factor 1 concentration and higher tumor necro-
sis factor o receptor 2 [4].

Table 4
Correlation between segmental BIA values in right and left arms values and HGS

Pearson’s coefficient Model

Coefficient ~ P-value Coefficient (95% CI) P-value R?
Right arm
R —-0.589 0004  -0.067(-0.11to —0.02) 0.004 0.347
Xc 0.111 0.622 0.168 (—0.53 t0 0.87) 0.62 0.012
PhA  0.574 0.05 4.03(1.35t06.72) 0.005 0329
IR —0.655 0.0009 —-0.002(-0.004to —0.001)  0.001 0.429
C 0.716 0.0006 0.003 (0.002 to 0.005) 0.001 0513
Left arm
R —0.698 0.0003 —0.081(-0.12 to —0.04) <0.0001 0.487
Xc 0.298 0.178 0.59 (—0.29 to 1.49) 0.178  0.089
PhA  0.829 <0.0001 6.78 (4.65t0 8.91) <0.0001 0.689
IR —-0.788 <0.0001 —0.003 (—0.004 to —0.002) <0.0001 0.621
C 0.791 <0.0001 0.004 (0.002 to 0.005) <0.0001 0.626

BIA, bioelectrical impedance analysis; C, capacitance; HGS, handgrip strength; IR,
impedance ratio; PhA, phase angle; R, resistance; Xc, reactance

The patients in the present study affected by DM1 also had
mean HGS values below the normative population values [31].
This evidence is in agreement with Bouchard et al., who reported
mean values of 9.1 & 6 kg (range 0—26) and 15.5 & 14 kg (range
0-66), respectively, fo women and men affected by DM1 [2]. The
reduction in HGS values is directly correlated with the reduction of
FFM and the increase of FM [7].

We hypothesized that PhA could be a reliable tool for the evalu-
ation of LBM and BCM in Steinert’s disease. Indeed, it has a close
correlation with disease stage according to MIRS. To date, the gold
standard techniques used to investigate body composition are the
DXA and a computed tomography (CT) scan at the third lumbar
vertebral level [32,33]. However, these tools are not frequently
used in clinical practice given the employment of x-rays. Moreover,
DXA-assessed lean tissue mass does not discriminate between
muscle mass (metabolically active) and fibrosis, which is still rep-
resented as lean tissue [6]. BIA data, on the contrary, are based on
the electrical potential of healthy cell membranes. We thus argue
that BIA-derived PhA could be a safe, reliable, and quick tool to
investigate LBM (metabolically active) in DM1. At the same time,
IR revealed a significant correlation with MIRS. This could be useful
when using MF devices [21]. Moreover, we found a significant cor-
relation between C and clinical staging. As previously mentioned, C
is the ratio of charge collected on the conductor over the potential
of the conductor. Recently, C was proposed as a prognostic indica-
tor of survival in patients with head and neck cancer. [19]. We sug-
gest reckoning C as a potential prognostic factor if further studies
will continue to indicate healthy cell membranes as efficient elec-
trical capacitors.

Several studies showed a significant correlation between BIA
and DXA-derived data in terms of body composition [34,35]. In a
recent work, Yang et al., reported a high correlation between the
two methods in healthy Korean adults [36]. However, wide limits
of agreement between DXA and BIA have been detected when
applied to patients affected by heart failure and the issue is still
under debate [37].

We are not able to speculate about the histologic or physical
changes of muscle mass based only on the BIA method. In our opin-
ion, other techniques such as CT scan or magnetic resonance imag-
ing or DXA could be more reliable for this purpose. However, on
the basis of our observations, we can argue a progressive and
detectable reduction of BCM and a worsening of membrane electri-
cal properties across incremental stages of MIRS in DM1. In our
opinion, this could be useful to justify the clinical use of BIA in
patients with DM1, also for the lack of subjective interpretation
biases of this method.

Further studies are warranted, due to the small sample size of
the present study population, and also to estimate prospective
changes of these aforementioned bioelectrical variables according
to disease progression. However, the present study may be consid-
ered as a pilot experience that could begin a debate on the use of
BIA as a reliable instrumental procedure for investigating bioelec-
trical parameters in similar and possibly larger patients groups for
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evaluating disease stage. This kind of information could be trans-
lated also in the setting of clinical trials.

Conclusions

The present study demonstrated, in a cohort of 40 patients
affected by DM1, a significant correlation between BIA values and
disease staging according to MIRS and HGS. Given the spread and
feasibility of BIA in the clinical settings, such evidence could open
several perspectives such as the monitoring of diseases at the bed-
side and the implementation of prognostic score in clinical trial
design of therapeutic drugs.
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