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Abstract

Aim: The aim of this study was to investigate how type 1 diabetes mellitus affects adult Bulgarians’ body composition.

Materials and methods: One hundred and twenty patients (60 men and 60 women) aged 20 to 40 years, as well as 80 healthy men and
women, were enrolled in the study. Bioelectrical impedance indicators: body fat tissue percentage (%BFT), total body water percentage
(% TBW), visceral fat tissue (VFT), muscle mass (MM), and bone mass (BM) and derived indicators: total fat mass (TFM), active body
mass (ABM), active body mass percentage (%ABM), ABM index (ABMI), and BMI were defined.

Results: The mean values of %BFT, VFT, TFM, and BMI were significantly higher in the female patients with type 1 diabetes mellitus
while the mean values of %TBW, %ABM, and ABMI were significantly higher in healthy women. The mean values of VFM and ABMI
were significantly higher in the male patients with type 1 diabetes mellitus while the mean values of MM and ABM were significantly
higher in healthy men. Bioelectrical impedance analysis of the body composition in Bulgarian female patients exhibited an increase in
the accumulation of adipose connective tissue both generally and viscerally. The total body water percentage in the female patients was
significantly lower than in the healthy controls. The body composition of Bulgarian male patients exhibited an increase in the accu-
mulation of visceral adipose tissue only. The skeletal muscle tissue in male patients exhibited a decrease in comparison to healthy men.

Conclusion: We believe that these findings are consequence of the impact of type 1 diabetes mellitus on the body composition in Bul-
garian patients.
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INTRODUCTION

Diabetes mellitus is a metabolic disorder that affects the
body’s ability to process energy. It is characterized by high
blood sugar levels due to issues with insulin production, in-
sulin action, or both. Type 1 diabetes mellitus (T1DM) is an

autoimmune disorder that damages the insulin-producing
cells in the pancreas, leading to a lack of insulin. Long-term
high blood sugar levels can harm various organs such as the
eyes, kidneys, nerves, heart, and blood vessels.!-?!

The rapid increase in the number of people affected by
diabetes mellitus worldwide has made it a significant so-
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cial issue. An estimated 537 million individuals, or 8.8%
of the adult population, suffer from the disease globally.
In Bulgaria, approximately 6%-8% of the population suf-
fer from diabetes mellitus. According to the IDF Diabetes
Atlas 2021, this number will reach 643 million by 2030 and
783 million by 2045. Type 2 diabetes refers to around 90%
of cases, while TIDM constitutes 5% to 15% of diabetic pa-
tients and often affects children.®) The distribution in both
sexes is similar.

Most researchers have been interested in the study of eti-
ology, pathogenesis, proper treatment, and accurate prog-
nosis of this disease. The anthropological status of diabetic
patients is not in the focus of researchers’ interest. Modern
anthropology uses a bioelectrical impedance method to
determine the changes in body composition caused by var-
ious diseases. This study is original for Bulgarian patients
with type 1 diabetes mellitus. The lack of relevant data in
this scientific field has provoked our interest in studying
the changes of body composition of adult patients with
T1DM in the age range of 20 to 40 years.

AIM

The present study aimed to explore the body composition
changes in adult Bulgarians due to the impact of type 1 di-
abetes mellitus.

MATERIALS AND METHODS

Patients

One hundred and twenty subjects (60 male and 60 female
patients) aged 20 to 40 years were enrolled in the study. The
mean age was 29.09+1.29 years of the female patients and
30.08+1.16 years of the male patients. The research was
conducted in the Clinic of Endocrinology and Metabolic
Diseases at St George University Hospital in Plovdiv, Bul-
garia between 2019 and 2022.

The inclusion criteria were Bulgarian ethnicity, type 1
diabetes mellitus, duration of the disease of no less than
one year, and clinically controlled diabetes at the time of
the study.

The study excluded individuals who had previous or
current metabolic, oncological, or other disorders that
could affect the study’s results. These included thyroid-re-
lated diseases, adrenal gland-related diseases, carcinoma,
type 2 diabetes mellitus, pregnant and breastfeeding wom-
en, heart, respiratory, renal, or hepatic failure, proliferative
retinopathy, diabetic macroangiopathy, acute decompensa-
tion of metabolic disease during the study, hormonal (con-
traceptive) therapy within 3 months prior to the study, and
treatment of chronic coexisting conditions that could affect
hormonal markers. The control group included 40 healthy
Bulgarian women and 40 healthy Bulgarian men aged 20

to 40 years. The mean age of the women was 30+0.47 years
and 31.01£0.31 years for the men.

The study was approved by the Ethics Committee at the
Medical University of Plovdiv (No. 4/08.06.2022). All par-
ticipants provided written informed consent following the
principles of the 1964 Declaration of Helsinki.

Methods

The Tanita (BC-532) body composition analyzer was used
in the study. Two groups of indicators were researched.

Directly measured indicators:

1. Body fat tissue percentage (%BFT)

. Total body water percentage (%TBW)
. Visceral fat tissue (VFT)

. Muscle mass (MM)

. Bone mass (BM)

U W N

Derived indicators:

1. Total fat mass (TFM) (kg) TFM =
(body weight*%BFT)/100

2. Active body mass (ABM) (kg) ABM =
body weight — TFM

3. % Active body mass (%ABM) %ABM =
(ABM*100)/weight

4. ABM index (ABMI) (%) ABMI =
(height (m)/ABM)*100

Additional indicators:
Body mass index (BMI)BMI = body weight (kg)/height (m)?

Statistical analysis

The obtained data were analyzed using SPSS v. 23 (SPSS
Inc., Chicago, IL) and Instat v. 2.02. The Student ¢-test was
used to compare the means of the two groups. Statistical
significance was considered high at p<0.001, moderate at
p<0.01, low at p<0.05 and no significance at p>0.05.

RESULTS

Body composition of female patients
with type 1diabetes mellitus and healthy
controls

The mean values of % body fat tissue (%BFT) and visceral
fat tissue (VFT) were significantly higher in the female pa-
tients than in healthy women (p<0.05; p<0.001). The mean
value of % total body water was significantly higher in the
healthy women (p=0.01). (Table 1)

The mean value of total fat mass (TFM) was significantly
higher in female patients than in healthy controls (p<0.05).
The mean values of % active body mass (%ABM) and ac-
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tive body mass index (ABMI) were significantly higher in
healthy controls than in female patients (p<0.05; p<0.01).
The mean value of BMI was significantly higher in female
patients than in healthy women too (p<0.001). (Table 2)
The mean value of visceral fat tissue (VFT) was sig-
nificantly higher in male patients than in healthy men
(p<0.001). The mean value of muscle mass (MM) was

Table 1. Women: bioelectrical impedance analysis

significantly higher in healthy men than in male patients
(p<0.001). (Table 3)

The mean value of active body mass (ABM) was high-
er in healthy controls than in male patients (p<0.01). The
mean value of active body mass index (ABMI) was sig-
nificantly higher in male patients than in healthy men
(p<0.01). (Table 4)

Female patients with type 1 diabetes mellitus

Healthy women (controls)

Indicators Min Max Mean SE SD Min Max Mean SE SD p
%BFT 11.10 45.50 28.20 1.74 9.52 7.00 40.30 23.98 1.22 7.49 <0.05
%TBW 39.50 61.90 50.26 1.11 6.07 43.10 64.00 53.23 0.76 4.69 0.01
VET 1.00 10.00 3.30 0.46 2.49 1.00 6.00 1.50 0.18 1.11 <0.001
MM 34.90 50.30 41.12 0.64 3.45 28.20 50.50 40.82 0.62 3.79 >0.05
BM 1.90 2.70 2.20 0.03 0.18 1.90 5.00 2.34 0.11 0.66 >0.05

Table 2. Women: derived indicators

Female patients with type 1 diabetes mellitus

Healthy women (controls)

Indicators Min Max Mean SE SD Min Max Mean SE SD P
TFM 5.54 44.23 18.97 1.64 9.45 3.00 33.69 14.56 1.09 6.64 <0.05
ABM 36.85 52.97 43.43 0.61 3.53 36.52 53.20 43.22 0.56 3.39 >0.05
%ABM 54.50 88.90 71.18 1.64 9.40 59.70 93.00 75.92 1.24 7.57 <0.05
ABMI 3.31 4.25 3.71 0.04 0.22 3.25 442 3.85 0.04 0.23 <0.01
BMI 17.91 32.13 23.80 0.72 3.97 1.66 31.70 20.94 0.49 2.93 <0.001

Table 3. Men: bioelectrical impedance analysis

Male patients with type 1 Diabetes mellitus

Healthy men (controls)

Indicators Min Max Mean SE SD Min Max Mean SE SD P

% BFT 5.00 31.60 17.88 1.45 8.18 9.30 30.00 15.95 0.76 4.73 >0.05

%TBW 6.90 73.30 56.22 2.24 12.69 49.10 68.80 59.17 0.66 4.14 >0.05

VET 1.00 11.00 5.18 0.60 3.46 1.00 10.00 2.62 0.32 2.02 <0.001
MM 38.70 68.60 55.18 1.25 7.21 48.90 77.00 60.42 0.90 591 <0.001
BM 2.10 5.00 3.00 0.09 0.50 2.30 4.00 3.14 0.05 0.33 >0.05

Table 4. Men: derived indicators

Male patients with type 1 diabetes mellitus

Healthy men (controls)

Indicators Min Max Mean SE SD Min Max Mean SE SD P

TFM 2.75 34.85 14.98 1.62 9.42 5.79 34.68 12.47 0.87 5.50 >0.05
ABM 40.82 76.15 59.24 1.37 7.96 51.46 80.92 63.49 0.92 5.83 <0.01
%ABM 68.40 95.00 81.39 1.45 8.48 70.00 90.70 84.11 0.74 4.68 >0.05
ABMI 2.34 3.94 2.99 0.06 0.34 2.31 3.31 2.82 0.03 0.20 <0.01
BMI 15.75 31.63 23.51 0.72 4.11 19.71 33.09 24.06 0.46 2.88 >0.05
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DISCUSSION

The human body accumulates fat tissue mostly in two
places: in the abdominal cavity (central, abdominal, or
visceral) and under the skin (subcutaneously, peripher-
ally). Abdominal fat accumulation is more closely associ-
ated with type 2 diabetes mellitus than subcutaneous fat
deposition. Visceral fat tissue is more active metabolical-
ly, induces insulin resistance and disturbance of glucose
homeostasis. The distribution of adipose tissue in patients
suffering from type 1 DM has not been examined in detail.
Most researchers have investigated the body composition
changes in patients with type 2 DM.1*" A similar survey
was conducted in Bulgaria as well.”# Type 1 DM consti-
tutes approximately 10% of all patients with DM. Many
scientists have been focused in researching changes of
body constitution in children with type 1 DM.’1! Study
of changes in body constitution of patients suffering from
type 1 DM in the age range 20-40 years has been out of the
focus of most researchers. These facts have attracted our
interest in this less-explored scientific field.

Our research team found significantly higher mean val-
ues of %BFT in female patients than in healthy women.
This indicator presents the relative percentage of fat tissue
in the human body. More important finding was that the
mean value of VFT in female patients was significantly
higher than in healthy women (p<0.001). This fact postu-
lates that the fat tissue is predominantly deposited in the
abdominal cavity of diabetic women. Similar results were
reported by Parente et al. and Dube et al.'>!”) Momesso
et al. and Falkowski et al. reported that the central fat
deposition in young non-obese DM1 women was related
to metabolic syndrome and insulin resistance.l'®!) The
derived indicator TFM was also significantly higher in fe-
male patients than in healthy controls. The mean value of
BMI of the female patients was significantly higher than
in healthy women, too (p<0.001). A very interesting find-
ing was that the mean value of BMI both in female pa-
tients (23.80) and in healthy women (20.94) did not show
overweight or obesity according to the classification of
the World Health Organization, 2021.2°) We did not de-
tect any significant differences of indicators muscle mass
(MM), bone mass (BM), and active body mass (ABM) be-
tween diabetic women and healthy controls. The disease
has not caused a negative effect on the development of
skeletal muscles and bones in women with type 1 DM. The
mean value of total body water (TBW) in female patients
was significantly lower than in healthy women. This find-
ing is related to the relative dehydration, which is a conse-
quence of the impact of type 1 DM.

We found a significantly higher mean values of VFT in
male patients in comparison to healthy men. Other indica-
tors characterizing the distribution of adipose connective
tissue such as %BF, TFM, and BMI did not show any signif-
icant differences between male patients and healthy men.
The men of both groups were not overweight or obese, and
the mean value of BMI was in the reference range accord-

ing to WHO (18.50-24.99).12° The impact of type 1 DM on
the adipose connective tissue was focused on its accumula-
tion in the abdominal cavity of male patients.

Our survey revealed a reduction of skeletal muscles in
male patients. The mean values of both indicators MM
and ABM (known as fat-free or lean mass) were signifi-
cantly lower in male patients. Similar results were report-
ed by Abd El Dayem et al. and Musulin et al.?%22] Type 1
diabetes did not appear to have a similar effect on female
patients. We did not detect any effect of type 1 DM on the
skeletal bones in Bulgarian patients of both sexes. Some
of our results have been confirmed by other researchers,
but they used other methods for the assessment of these
changes.[?32 Bioelectrical impedance analysis, according
to our team, is the most precise technique for determining
how type 1 diabetes mellitus affects a person’s body over
the long term.

CONCLUSION

Bioelectrical impedance analysis of the body composition
of Bulgarian female patients exhibited an increase in the
accumulation of adipose connective tissue both general-
ly and viscerally in comparison to healthy women at the
same age. Furthermore, the mean value of visceral adipose
connective tissue in female patients was twice as high as
that in healthy women. The total body water percentage
in the female patients was significantly lower than that in
healthy controls.

A bioelectrical impedance analysis of the body compo-
sition of male patients from Bulgaria showed that visceral
adipose tissue accumulation had increased as well. Men
with diabetes had mean values of visceral fat tissue that
were roughly twice as high as those of healthy men. The
skeletal muscle tissue was reduced in male patients in com-
parison to that of healthy men.

These findings are a consequence of the impact of type
1 diabetes mellitus on the body composition in Bulgarian
patients aged 20-40 years.
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Pe3lome
Ll,enb: Ilenbro JaHHOTO UCCIENOBAHNUS 661710 U3y4eHne TOro, Kak caxaprHZ m/la6eT 1 Tuma BNMsET Ha COCTAB Te/Ia MOXKUIbIX 60Hrap.

MauneHTbl U MeTOoAbI: B nccefoBanny IPMHANN yYacTue CTO ABAZLATh ManmeHToB (60 My>XuuH u 60 >KeHIMH) B BospacTte oT 20
10 40 reT, a Takxke 80 3OPOBBIX MY>KUMH U XKEHIIVH. BbIIN OnpesiesieHbl IOKa3aTe OM03eKTPUYECKOro NMIIeAaHCa: IPOLIEHT XM~
posoit Tkauu Tena (%BFT), o6mmuit mpoueHT Bofbl B opranusme (% TBW), BucuepanbHas sxuposas Tkanb (VFT), Mplieynast Macca
(MM) un xoctHas mMacca (BM) u npousBopHble okasarenu: obmas xuposas Macca (TFM), aktuBHast Macca Tena (ABM), nporeHT
akTuBHOI Macchl Tena (WABM), nanekc ABM (ABMI) u IMT.

Pesynbratbl: Cpepgune sHauernss %BFT, VFT, TEM u VIMT 6bu1n 3HaUNTeIBHO BbILIE Y SKEHIIVH C caxapHbIM AyabeToM 1 Tuma, B
TO BpeMs Kak cpeniHue sHadeHna %TBW, %ABM u ABMI 6bu1i1 3Ha4MTeIbHO BBILIE Y 310POBBIX XKeHIVH. Cpengnue sHaueHus VEM
u ABMI 65111 3HAUNTEIBHO BbIIIE Y MALEHTOB MY>KCKOTO II0/IA C CAXapHBIM AuabeToM 1 TuIa, B TO BpeMsI KaK CpefHIe 3HAYeHIs
MM u ABM 6bUn 3Ha4NTEIHHO BbILIE Y 3[0OPOBBIX MY>KUMH. AHaIN3 6109/1eKTPUIECKOTO MMIIe[IaHCca COCTaBa Tea y 60/Irapckmx
MALJEHTOB JKEHCKOTO I10JIa II0Ka3a/1 yBe/IN4eHe HaKOIJIEH)s )KMPOBOI COeIMHUTENbHONM TKAaHM KaK B LIeIOM, TaK M BUCLEPAIbHO.
O61iyit IPOLEHT BOXBI B OPTaHM3Me Y IALMEHTOB )KEHCKOTO [I0/Ia GBI 3HAYNTEIBHO HIDKE, YeM Y 3TOPOBBIX /NIl KOHTPOIBHOIL TPYII-
bl CocTaB Tema 60/IrapcKyX MalMeHTOB MY>XKCKOTO I1071a II0Ka3asl yBeIndeHne HaKOIJIGH)A TONbKO BUCLIePaIbHON XXMPOBOI TKaHMU.
CkeneTHas MbIIIeYHASA TKAHb Y MAIM€HTOB MY>KCKOTO II07Ia TTI0Ka3ajIa CHYDKeHME TI0 CPAaBHEHNIO CO 3[0POBBIMI MY>KIMHAMIL.

3akntoueHue: Mot CYNTAEM, UTO ST PE3yNAbTAThl AB/IAITCA CIEACTBMEM BIIMAHNA CaXapHOTO m/la6eTa 1 Tuma Ha cocTaB Tena y 6051-
TapCKuUX MalEeHTOB.

KnroueBble c/oBa

anTpomnonorns, BIA, cocras rena, 6omrapsi, CII1
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