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Study on Body Composition of Patients with Diabetes Mellitus
by Dual-Energy X-Ray Absorptiometry: A Morphological Study
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SUMMARY: Diabetes is a form of endocrine disease. Dual-energy X-ray Absorptiometry (DXA) provides a detailed view of the
body composition to find out what makes people with diabetes different from those with other diseases. We scanned 3¥ithpadeats
to analyze their body composition parameters. Three hundreds and seventy one patients (178 women/193 men), who witkediffesent d
with a meaeSD Body Mass Index (BMI) of 25.38.3 kg/m2 were included. The body composition of 371 patients was assessed. Bone
Mineral Density (BMD), Fat Weight, Lean Weight, waist-to-hip ratio, Lean Mass Index (LMI), Fat Mass Index (FMI), the rafationsh
between Fat percentage and BMI were analyzed. The 371 patients included 156 diabetics and 215 non-diabetics. Non-ditshelso patie
included 5 obesity patients, 9 patients with fatty liver, 39 patients with hypertension, 22 patients with hyperlipidentiants8watn
cardiovascular disease, 11 patients with chest and lung disease, 4 patients with chronic disease, 14 patients withelaaoh @Bgeatsents
with other diseases. Among 156 diabetic patients, 129 had VAT > 100 cm2 and 27 heldOAM2. The lean weight (LW) of male diabetic
patients was significantly higher than that of female diabetic patients. The fat weight (FW) of female patients with ciatséggedisantly
higher than that of male patients. The waist-hip ratio (WHR) was#1(B25 in male diabetic patients and 1#18.21 in female diabetic
patients. Among the 215 non-diabetic patients, the obese and fatty liver patients, which the weight (WT) (obesit. 8818y fat liver:
85.64:28.60 kg) , FW (obesity: 28.564.18 kg fat liver: 28.6% 10.79 kg) , LW (obesity: 52.629.64 kg fat liver: 54.2817.58 kg) , BMI
(obesity: 28.76 1.88 kg/m2 fat liver: 29.16 5.95 kg/m2), was much higher than other patients. Diabetes patients had less fat mass than non-
diabetic patients; the difference was around 2 kg. BMl is also a modest number. BMD doesn't differ all that much. Nopatiiefstivith
fatty liver obesity and cardiovascular disease had higher fat mass and BMI than patients with other illnesses. Body coerppsitiiate
precise information on the makeup of different body areas, but further in-depth exams are required to ascertain the tay'prefito

KEY WORDS: Body composition; Dual-energy X-ray Absorptiometry; Bone mineral density; Fat mass index; Lean mass
index.

INTRODUCTION

In today's physical examination, body compositior2020; Ciprianiet al, 2020). It typically starts around the
is given more and more consideration. It is possible to prevexge of 35 to 40 and later. About 90 % of people with DM
some diseases brought on by obesity and cardiovascub@iong to this segment of the population (Febal, 2019;
conditions by measuring body composition. In the interinGiudiciet al, 2021; de Tejada-Romeegbal, 2022). Diabetes
body composition can also be used to track the successsoh more serious type of the disease, which is spreading
treatments for conditions like diabetes (Canditlal, 2014; rapidly throughout the world. 537 million persons
Botella Martinezet al, 2016; Ben-Josepét al, 2021). A worldwide, or 10.5 % of the population, have diabetes as of
chronic metabolic condition called diabetes mellitus (DM2021 (Alfadhli et al.,, 2022; Heet al.,, 2022). IDF
is brought on by a variety of circumstances (Ckeml, (International Diabetes Federation) estimates that by 2045,
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there will be 783 million people worldwide who haveGroup of clinical parameters. Each patient received a
diabetes, or 12.2 % of the world's population. China sawCaXA scan to collect information on their entire body
56 % growth in the number of diabetics from 90 million ircomposition, including their limbs, torso, head, and entire
2011 to 140 million in 2021. In 2045, there would be 17B0dy. Age, height, weight, bone density, lean mass, and fat
million diabetics in China, according to predictions (Remass were all included in the data. Table | includes all of
et al, 2017; Tian & Yu, 2017; Speigbt al., 2020). Early the outcomes.
detection and treatment of diabetes are significant issues
in the effort to prevent diabetes. Assessment of body composition using several indices.
After gathering information on the patients' body
Numerous research conducted in recent years has@mposition, the necessary BMI, FMI, and LMI were
revealed that osteoporosis is a potential consequence determined using the algorithm and recorded in Table I.
diabetes people (Lest al, 2017; Weismaret al, 2018;
Wu et al, 2019; Wanget al, 2020). Increased blood sugaBMI =Whole Weight/Height FMI =Fat Weight/Heigl
in diabetic people causes an endocrine imbalance, whickll =Lean Weight/HeigttFat% =(Fat Weight/Whole
inhibits calcium absorption and results in a loss of bon&eight)*100
mass, which results in osteoporosis (Xetgal, 2019;
Misnikovaet al, 2021; Alfadhliet al, 2022; Xing & Chai, RESULTS
2022). Osteoporosis and diabetes have a complicated
interaction (Lovicet al, 2020; Leeet al, 2022). Patients Comparison of parameters associated to DM and NDM.
with diabetes have a higher risk of fractures, according The 371 patients were divided into groups based on the
numerous studies that have demonstrated a connecti@mious disorders. Patients with diabetes and those who have
between the condition and fractures. cardiovascular illness have comparatively low BMD, as
can be observed from the data plots made (Fig. 1a). Then,
Diabetes frequently results in consequencesmpared to those with other conditions, those with obesity
including osteoporosis and reduced fat mass, and clinieaid fatty liver had much greater FW. Diabetes patients
criteria for obesity are typically described in terms of BMshowed an FW that was rather low (Fig. 1b). Diabetes
(Pontiet al, 2017; Maimouret al, 2021). But BMI is not patients also had comparatively reduced LW (Fig. 1c). The
areliable predictor of obesity on its own. In comparison foatients' waist-to-hip ratio was examined. The ratio of the
BMI, the International Society for Clinical Densitometrywaist to the hip is larger in obese and fatty liver patients.
(ISCD) claims that fat percentage is a more reliabl€hese two patient groups' adipose tissue was primarily
indicator of obesity (Pratley & Gilbert, 2012; Raskaefr. located in the belly (Fig. 1d). Subcutaneous fat, which
al., 2017). However, there is no general agreement on haeacounts for 80 % of body fat, serves primarily as an energy
to define obesity using the proportion of total body fat. reserve. The fat that covers the abdominal muscles and
subcutaneous fat is referred to as visceral adipose tissue.
MATERIAL AND METHOD For men, visceral adipose tissue makes up 10-20 % of total
body fat and 5-8 % for women. The best way to describe
Subjects.371 patients’ medical examination reports frorwisceral adipose tissue is in terms of its area rather than its
Shanghai Pudong Hospital were gathered by them. 156vaflume, mass, or both. According to the ISCD's criteria,
the 371 individuals had diabetes, while 215 did not. Thedlee splanchnic fat area was normal between 10 and 100
patients' basic bodily statistics were compiled and graphexi?, somewhat higher between 100 and 168 and higher
With more precise breakdowns by age and sex in eabbtween 160 and 300 énThe collected results show that
category, all patients were divided into diabetes and no87.0 % of patients without diabetes and 82.7 % of patients
diabetic groups. Comparing the patients' BMD, fat maswijth diabetes had visceral adipose tissue areas more than
lean mass, and waist-to-hip ratios allowed for assessmet20 cnt each (Table II).

Clinical methods. Discovery Wi bone densitometry were The correlation between FMI and LMI in people
used to measure clinical data. The patient's numerous bodiligh diabetes and the correlation between FMI and LMI in
values were gathered during the scans. Including ttiose without diabetes were also contrasted (Figs. le, f).
makeup and ratio of various body parts. To offer a moRatients who were not diabetic tended to group together
accurate evaluation of the participants' physical conditiomore frequently.

the obtained data were statistically evaluated and compared

with the International Society for Clinical Densitometry A patient's BMI and fat percentage combined can
(ISCD). provide a more precise assessment of their obesity status.
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Obesity cannot be determined solely by BMI. BMI > 30 kgComparing relevant DM parameters

m? is obesity, BMI< 30 kg/rhis non-obesity. Blue for the

male standard and pink for the female standard in the verti€dmparison of DM parameters associated to men and
coordinates. The chart is divided into four quadrants by tihreomen. The male and female groups of diabetes patients
standard line. In terms of BMI and fat percentage, the uppsere separated, and the differences in several parameters
right quadrant denotes obesity, whereas the lower ldfetween the sexes were compared. The compiled data plots
quadrant denotes non-obesity. The great majority of patiemtsmonstrate that, when the lean quality parameters were
would be incorrectly classified as hon-obese if obesity weoempared between men and women, the lean quality of

simply determined by BMI (Figs. 1g, h). women was significantly lower (Fig. 2a). Figure 2b shows
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Fig. 1. A. Comparison of BMD in patients of several kinds. The line is the median. B. Comparison of fat weight in patestalof s
kinds. The line is the median. C. Comparison of lean weight in patients of several kinds. The line is the median. D. Cofwpaisson

hip ratio in patients of several kinds. The line is the median. E. The relationship between FMI and LMI in diabetes mel{jtagphT
contains estimated linear regression with 95 % confidence intervals. F. The relationship between non-diabetic FMI andddwsn di
mellitus. The graph contains estimated linear regression with 95 % confidence intervals. G. BMI and fat percentage inon@mand w
with diabetes. h. BMI and fat percentage in men and women without diabetes.
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that women's fat mass was much higher than men's, Men and women were compared in terms of the link
indicating that men and women may not view obesity in tHeetween FMI and LMI. The median FMI and LMI for men
same ways. Women's BMD was significantly lower overaind women are shown as a dotted line in Figures 2e and 2f.
than men's BMD (Fig. 2c), and women's BMD was similarly
lower than men's BMD in all other parts of the body. IComparison of relevant metrics between DM
suggests that women are more likely than men to get fractupssticipants over 50 and under 50According to their ages,
and osteoporosis. In 84.0 % of subjects in the female grodjabetes patients' variances in the parameters by gender were
and 81.5 % of subjects in the male group, visceral adiposempared. Parameters were compared between patients who
tissue area was greater than 100 €rable I1). were over 50 and those who were under 50 after patients
were classified based on their age. Lean mass analyses
In addition to fat percentage, males and women havevealed that individuals under the age of 50 had considerably
different fat distributions. In order to assess how fat isigher lean mass than those over the age of 50 (Fig. 3a).
distributed generally between men and women, weatients above the age of 50 had lower fat mass than patients
determined the waist-hip ratio for both sexes. The findingsder the age of 50 (Fig. 3b). Patients over 50 had less BMD.
indicated that men's bodies had more concentrated amoufit®se over 50 had lower total BMD than those under 50
of fat in the upper body, waist, and belly, giving them afFig. 3c), who had higher BMD overall. When the waist-to-
apple-shaped form. Women have a pear-shaped form duéii ratio of subjects aged 50 and over was compared to that
the concentration of fat in the lower body, particularly in thef subjects aged 50 and under, it was discovered that the

area around the thighs and buttocks (Fig. 2d). subjects aged under 50 had more fat distributed in their waist
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Fig. 2. A. Lean weight of diabetic men and women. The left line is the median of men, and the right line is the median. &.\r@nen
weight of diabetic men and women. The left line is the median of men, and the right line is the median of women. C. BMbcof diab
men and women. The left line is the median of men, and the right line is the median of women. D. Waist-hip ratio of diahetic me
women. The left line is the median of men, and the right line is the median of women. E. Relationship between FMI andieEMsin pa
with diabetes mellitus in men. The graph contains estimated linear regression with 95 % confidence intervals. F. Relgitiegeship b
FMI and LMI in patients with diabetes in women. The graph contains estimated linear regression with 95 % confidence intervals.
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and abdomen, while the subjects aged over 50 had mostlioksses, brain disease, and others. Therefore, it is impossible
their fat distributed in their buttocks and thighs (Fig. 3d). Ito tell them apart only on sex or age. Cardiovascular disease,
terms of visceral adipose tissue area, roughly 85.4 % albesity, and fatty liver were shown to have higher fat mass
participants under 50 and 81.7 % of subjects 50 and oldban other diseases in non-diabetic patients when these
were larger than 100 cm2 respectively (Table II). groups were separated. Patients with obesity and fatty livers
also have relatively high lean quality, whereas patients with
The dotted line in Figures 3e and 3f, represents tlvardiovascular disease do not. Additionally, BMI was higher
median of FMI and LMI, and it shows the link between LMIn patients with obesity, fatty livers, and cardiovascular
and FMI for those 50 years of age or older and younger. disease. Patients with obesity and fatty liver disease typically
had fat deposits in their trunk and lower limbs, while those
Comparison of associated variables in patients with with cardiovascular disease typically had deposits in their
NDM. Other diseases are present in non-diabetic patientsyer limbs. There is not much of a difference in the BMD
such as obesity, fatty liver, hypertension, hyperlipidemiaf these types of disorders, with the exception of distinct
cardiovascular disease, lung and chest disease, chromagions of the BMD that change significantly.
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Fig. 3. A. The lean mass of diabetic patients aged over 50 years was compared with that aged under 50 years. Thedafididiars t
of lean mass over 50 years old, and the right line is the median of lean mass under 50 years old. B. Fat mass was caepared betw
patients over 50 years old and those under 50 years old. The left line is the median of fat mass over 50 years oldtdime tisethigy

median of fat mass under 50 years old. C. BMD was compared between patients over 50 years old and those under 50 years old. The

median bone mineral density was above 50 years old in the left line and below 50 years old in the right line. D. The atiaistdsp
compared between patients over 50 years old and those under 50 years old. The median waist-to-hip ratio was aboved0thears old
left and below 50 years old on the right. E. Relationship between FMI and LMI in patients with diabetes mellitus oveo& Yaars

graph contains estimated linear regression with 95 % confidence intervals. F. Relationship between FMI and LMI in patients with

diabetes under 50 years old. The graph contains estimated linear regression with 95 % confidence intervals.
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DISCUSSION Hyperglycemia is a characteristic of diabetes mellitus,
a chronic condition that affects many people. Because the
Predicting a subject's physical condition by physicalisease is chronic and irreversible, patients may require long-
analysis has become an essential component of physiteain or even life-long care (Hyguetal, 2019). The rate of
examination. DXA scanning of the patients' entire bodiesalcium absorption and utilization will be lessened as a result
may make it easier to understand how their body compositioh high blood sugar, hormone secretion and substance
is distributed (Andreolet al, 2009; Bazzocclhet al, 2016; metabolism disorders, and the fact that diabetes patients are
Jawharet al, 2020). It was stated that the prevalence dfpically middle-aged and old (Siddapat al., 2015;
osteoporosis was significantly higher in the diabetic groupiddiqueet al,, 2020; Shevroj&t al, 2021; Kim & Kim,
(RR: 1.2, 95 %Cl: 1.1, 1.2). Among the results, BMD an@022). Since osteoporosis is a frequent side effect of diabetes,
T-score values were similar in the diabetic and contrd@l can be used in clinical studies as a consequence of the
groups, and Z-score values of the Lumbar spine, L1 and d&ease. There may not be a substantial difference in BMD
were significantly higher in the diabetic group. Obesbetween people with and without diabetes because the non-
patients had significantly higher BMD than non-obesdiabetes group is susceptible to other ilinesses, such as
patients in both groups studied. They found significantlgbesity. The outcomes of BMD measurements in diabetes,
higher BMD, T-score, and Z-score values in the left femoralsteoporosis diagnostic criteria, and lumbar spine BMD
total hip of a young diabetic patient (Jawhtal, 2020). In  measurements vary according to the existing body of
a study, although DXA s increasingly used to measure botiierature. There might not be any distinction in the analysis's
composition, data in the literature highlight the need fdindings. However, this does not imply that lumbar BMD
caution when using DXA to compare patients with contradnd osteoporosis status are useless in the research of diabetes.
subjects or to assess changes in body composition in subjécteay also open up new avenues of investigation for the
whose relative weight varies significantly betweenreatment of diabetes mellitus in the future.
measurements. It was also noted that future research is
needed to investigate the application of DXA in different For examining the relationship between diabetes
fields (chronic diseases and sports medicine) (Andegoli patients' physical characteristics, such as osteoporosis and
al., 2009). fat mass, as well as other factors, such diabetes duration,
region, sex, and other factors. The relatively short amount
In a study evaluating the DXA method, they statedf data and the small number of patients included in this
that it may be useful to introduce in clinical practicestudy, together with the fact that it is still in the exploration
additional DXA parameters and indexes of adiposit@nd refining phase, all contribute to the study's limitations.
representative of central and peripheral distribution of fat
mass such as visceral adipose tissue and subcutaneGC@NCLUSION
adipose tissue and their ratio, gynoid and android fat mass
and their ratio, trunk/leg fat mass, and visceral adipose tissue/  The fact that only one disease was employed as a
gynoid fat mass (Bazzoccdi al, 2016). It is more accurate criterion for classifying the subjects may explain why there
to assess the participants' obesity through analysis amds no discernible variation in BMD between diabetic and
calculation of their various body compositions than throughon-diabetic patients in this sample of 371 patients.
BMI alone (Rathinavelet al, 2018; Rehuneet al., 2021;
Sheuet al, 2022). It has been stated that the causes é’(f)NG, L.; LOU, J. & LIU, X. Estudio sobre la composicion

fractures can be explained by the interaction of signalingnoral de pacientes con diabetes mellitus mediante absorciometria
pathways that modulate bone and glucose metabolism in tyRerayos X de energia dual: un estudio morfolégitod. Morphol.,
Il diabetic patients. They emphasized that a combination 0f(2)261-269, 2024.

bone mineral density, fracture risk assessment tool and

biochemical markers should be used to assess fracture risk. ~RESUMEN: La diabetes es una enfermedad endocrina.
So, they stated that the bone health of patients with type-ft @bsorciometria de rayos X de energia dual (DXA) proporciona
diabetes should be checked regularly and that the bone St%f] V|st§ detallada de la composicion corporal para descubrir qué
of patients with type Il diabetes should be evaluated as iferencia a las personas con diabetes de aquellas con otras

L . . enfermedades. Escaneamos a 371 pacientes con DXA para analizar
complication of diabetes (Rathinaveltal, 2018). Contrary sus parametros de composicion corporal. Se incluyeron 371

to popular belief, it has been stated that having excess musglgientes (178 mujeres/193 hombres), con diferentes enfermedades,
mass does not protect against type 2 diabetes. It has bggflun indice de Masa Corporal (IMC) medliBE de 25,32 8,3
argued that a high fat mass index combined with a high lekgin?. Se evalué la composicion corporal de 371 pacientes. Se
mass index appears to predict the later development of tygelizaron la densidad mineral 6sea (DMO), el peso graso, el peso
2 diabetes (Rehunest al, 2021). magro, la relacién cintura-cadera, el indice de masa magra (LMI),
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