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Pesome

Lienb nccnepoBaHUA: U3yyeHNe KOMMO3ULMOHHOMO COCTaBa Tena y 60/bHbIX uileMuyeckoi 6onesHblo cepaua (MBC) crapiwe 90 net (gonroxw-
Teseil) U aHasn3 B3aMMOCBA3eM MeXAY COAEPKaHWEM KMUPOBOWA, TOLLEN TKaHW Y MUHEPA/IbHOW MNOTHOCTbIO KOCTHOM TKaHu (MIKT). MaTtepuan n
MeToabl. JaHHas paboTa — 04HOMOMEHTHOE («MonepeyHoe») Uccies0BaHmne, B KOTOpOoe 6b110 BKAtoYeHo 200 nauueHTos ctapue 90 net (140 xeH-
WUH 1 60 MyXUMH, CpegHUii Bo3pacT 92,4 +2,3 roja), rocnMTann3mMpoBaHHbIX ¢ AuarHo3oM MBC. KOMMO3ULMOHHBIN COCTaB Tena aHann3vMpoBanv
nocpesCTBOM /IByX3HEPreTuyeckol peHTreHoBCKoW abcopbumomeTpun. PesynbTaThl. M36bITOYHaA Macca Tena WK OXUPeHNe ANarHoCTUPOBaHbI
y 139 (69,5%) 60/1bHbIX. CKENETHO-MbILIEYHBI MHAEKC OCTABa/CA B MPeAeiax HOpMasibHbIX 3HaueHuid y 145 (72,5%) 60/1bHbIX M 6bI1 HUXE HOPMbI
y 55 (27,5%). CHWKeHWe MUHEepasbHOM NAOTHOCTU KOCTHOW TKaHu (T-KpuTepwii) MeHee -2,5 SD BbisieneHo y 81 (40,5%) 60/bHbIX, HOpMasibHbIe
3HayeHus MMKT — y 60 (30,0%) naumeHToB. HauMeHblume 3HaveHus MIMKT o6HapyeHbl B pebpax, Hanbosbluve — B MO3BOHOYHUKE M HUKHUX
KoHeyHocTaX. HaliaeHa nofoXuTebHaA KOppensaumns Mexay MHAeKcoM Macchl Tena (MMT) 1 MuHepanbHOM MAOTHOCTLIO KOCTHOW TKaHW BO BCEX
yuacTkax ckeneta (p <0,0001 ans Bcex o6nacTeit). BoisiBneHa cyljecTBeHHas npsiMasi KOPPeNsLUA MEXAY COAEPKAHUEM KUPOBOWM TKaHW BO BCeX
yyacTkax Tena u MIKT, oco6eHHo 3HaumMasn Mexay MIKT pe6ep 1 coaepiaHveM )MpoBoii TKaHu B Tynosue (r=0,85; p <0,0001). YcTaHoB/eHa
npsAMas KoppenfaLma Mexjy CoAepKaHueM Tollei TKaHu u MIKT; Hanbonee goctoBepHas —Mexay MIKT BepxHUX KOHEYHOCTe 1 cogepKaHneM
TOlWel TKaHW B BEPXHUX KOHeuHocTsX (r=0,69; p <0,0001). Mexay cofepXaHueM KUPOBOI M Toel TKaHW HalAgeHa OTpuLaTebHas KOppenauums,
Hanbosiee 3HAYMMan MEXAY TOLLEN U MUPOBOM TKaHbIO B HMKHMX KOHeYHOCTAX (r=-0,46; p <0,0001). 3ak/toueHue. MoyyeHHble pe3y/ibTaThl CBU-
[leTeNbCTBYIOT 06 0CO6EHHOCTAX KOMMO3MLMOHHOMO COCTaBa Tesa y AonroxuTenein. OTMeyeHa J0CTaTOYHO BbICOKaA A0/ 60/IbHbIX C U36bITOYHOM
Maccol Tesa, HO C HopMasbHbIMKU NokasaTenamMu MIKT u coaepxanua Toujein TKaHW. MoaTBepX/AeHbl 3HaYMMble B3aUMOCBA3UN MEX/Y KOCTHOW,
XMPOBOW U TOLLEel TKaHbIO.
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Abstract

Purpose. To investigate the body composition in patients over 90 years old (long-livers) with coronary artery disease (CAD), and analyzed the
relationships between the fat and lean tissues, as well as bone mineral density. Material and Methods. A cross-sectional study of 200 patients
over 90 years old (140 men and 160 women, mean age 92,4+2,3 roga) who were hospitalized with a diagnosis of CAD was conducted. The body
composition was analyzed by dual-energy X-ray absorptiometry (DXA). Results. Overweight or obesity were diagnosed in 139 (69.5%) patients. The
musculoskeletal index remained within normal values in 145 (72.5%) patients and was below normal in 55 (27.5%) patients. Decrease of total BMD
(T-score) below -2.5SD was detected in 81 (40,5%), and normal total T-score — in 60 (30.0%) patients. The smallest values of BMD were found in
the ribs, the largest — in the spine and in lower extremities. A positive correlation was registered between body mass index and bone mineral density
in all areas of the skeleton (p <0.0001). A significant positive correlation was found between BMD and the fat mass in all parts of the body, especially
significant between BMD of the ribs and the trunk adipose tissue (r = 0.85; p <0.0001). A positive correlation has been established between the
lean mass and BMD; the most significant between the BMD and the lean mass in the upper extremities (r = 0.69; p <0.0001). A negative correlation
was found between the fat and lean mass; the most significant between lean and adipose tissue in the lower extremities (r = -0.46; p <0.0001).
Conclusion. The study results indicate some features of body composition in long-livers. The proportion of overweight patients with normal indices

of BMD and lean mass was relatively high. Significant relationships between the bone, adipose and lean tissues were confirmed.
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Introduction Decreasing bone density is a key risk factor for fractures

The process of aging is associated with numerous
changes in body composition. Aging inevitably leads to
a decrease in muscle mass and strength, along with an
increase in body fat and a decrease in bone mineral den-
sity, which often contributes to the so-called osteosarco-
penic obesity [1, 2]. To a certain extent, these changes
are associated with the imbalance between energy intake
and expenditure due to an increasingly sedentary life-
style. Some disorders also depend on the age-related
rearrangement of the endocrine system and metabolic
processes.

Increasing fat mass and its redistribution by central
type in the senile population are associated with risk fac-
tors for diabetes mellitus and cardiovascular diseases [3].

that lead to significant disability and increased mortality
in the senile population. In turn, sarcopenia also leads
to different functional disorders and disability in elderly
individuals [1].

Age-associated changes in bone, adipose and muscle
tissues are usually not isolated — they are combined with
each other. Therefore, the same pathogenetic factors can
underlie the decrease in bone and muscle tissue with
aging: subclinical inflammation, deficiency of hormones
and nutrients, as well as a decrease in physical activ-
ity [2]. The relationship between bone and muscle tissue
can be also explained by other factors. A decrease in
muscle mass leads to a decrease in bone loading, which
contributes to a decrease in bone density [4]. Muscles
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also perform an endocrine function by synthesizing bio-
logically active molecules (myokines) that can have an
effect on bone tissue regulation [2].

There are also certain correlations between adipose
and bone tissue. This primarily includes the positive
effect of mechanical stress that stimulates the forma-
tion of bone tissue by reducing apoptosis and increas-
ing proliferation and differentiation of osteoblasts and
osteocytes [4]. Also, the relationship between adipose
and bone tissue can be mediated by various biologi-
cally active substances, particularly leptin and estrogens
synthesized by adipocytes, as well as by sclerostin and
osteocalcin produced by osteoblasts and stimulating the
secretion of adipokines and insulin [2, 4].

Although the specific features of body composition
in different groups of patients only recently attracted
closer attention, there are now plenty of studies con-
cerning this problem in elderly and senile patients and
patients with several chronic diseases. However, only a
few have studied body composition in long-living per-
sons [5-6]. Among the available literature sources, we
did not find any studies with dual-energy X-ray absorp-
tiometry as a method to study the characteristics of body
composition in long-livers; the above studies were car-
ried out using a less sensitive technique called bioelectri-
cal impedance analysis. Considering the above, it seems
interesting (both from a scientific and a practical point
of view) to analyze body composition in individuals over
90 years old.

The objective of this study was to assess body com-
position in patients over 90 years old (long-livers) with
IHD and analyze possible relationships between the
amount of fat mass and lean tissue and bone mineral

density.

Materials and Methods

This was a one-stage (cross-sectional) study per-
formed on the clinical base of the State Budgetary
Healthcare Institution “Hospital for War Veterans
(HWV) No. 3” (Moscow). Two hundred patients over
90 years old were involved in this study (140 women
and 60 men, mean age 92.4 * 2.3 years); they were hos-
pitalized for a diagnosis of “ischemic heart disease”
(IHD). This study included patients with confirmed
IHD. Diagnosis of IHD was carried out in accordance
with the European Society of Cardiology Guidelines
for the diagnosis and management of chronic coronary
syndromes (2019) [7].

Exclusion criteria: any diseases that can definitely
cause changes in body composition (active malignant
neoplasms, chronic obstructive pulmonary diseases,
malabsorption syndrome, rheumatoid arthritis and
other chronic inflammatory diseases, chronic kidney
disease stage IV-V).

Standard methods of examination of patients with
IHD were used to assess the condition of the patients.
Also, the body weight and height of patients were deter-
mined and body mass index (BMI) was calculated.
Normal parameters included body weight with BMI from
18.5 to 24.9; body weight with BMI from 25 to 29.9 was
considered as overweight; obesity was diagnosed with
BMI of more than 30 kg/m?*[8].

Body composition was analyzed with dual-energy
X-ray absorptiometry using the Lunar Prodigy Advance
device (General Electric, USA). Analysis of body com-
position included the assessment of fat mass (in grams
and as a percentage), lean tissue mass (in grams), bone
mineral component (in grams), and total body weight
(in kilograms). This analysis was performed in the left
upper limb, left lower limb, left half of the trunk and in
total in the left half of the body, right upper limb, right
lower limb, right half of the trunk, and in total, in the
right half of the body, in both upper limbs, both lower
limbs, trunk, and in total, the whole body. Based on the
results of body composition analysis, we further calcu-
lated the so-called appendicular skeletal muscle mass
(ASMM) and musculoskeletal index. Appendicular
skeletal muscle mass is the sum of lean tissue in the two
upper and two lower limbs, and musculoskeletal index
is the ratio of ASMM to body height squared. Sarcope-
nia was diagnosed in participants with musculoskeletal
index less than 6.0 kg/m? in women and less than 7.0 kg/
m?in men [9].

Senile asthenia syndrome was diagnosed according
to Senile Asthenia Clinical Guidelines [10]. Screen-
ing diagnosis of senile asthenia syndrome was carried
out using the “Age is no disqualification” question-
naire [10].

This study was conducted in accordance with inter-
national and Russian ethical standards, as well as the
provisions of the Helsinki Declaration. All study par-
ticipants signed an informed consent form. As part
of a large research project, this study was approved
on 14 JUN 2017 by the Independent Ethical Commit-
tee of Sechenov First Moscow State Medical Univer-
sity of the Ministry of Health of Russia (Resolution
No. 05-2017).
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The results obtained were analyzed using Statis-
tica software (version 13.0, StatSoft Inc., USA). The
sample was checked for normal distribution using
Kolmogorov — Smirnov and Shapiro — Wilk tests.
Descriptive statistics methods (mean values, standard
deviation, minimum, maximum for quantitative vari-
ables; number and proportion for qualitative variables)
were used to describe the obtained information. When
the distribution of variational series did not meet the
“normality” criteria, nonparametric statistics were
used; the median (Me), quartiles (Q1-Q4) and inter-
quartile range (from 25% to 75%) were determined.
Groups were compared using parametric and non-
parametric methods (Mann — Whitney or Kruskal —
Wallis test, chi-square test or Fisher’s exact test); cor-
relation analysis was conducted using Spearman’s rank
correlation coefficient.

Table 1. Comorbid pathology in patients included in the study

Results

In the group of patients, multiple comorbidity was
registered in addition to IHD, which was quite typical
for individuals of this age (in particular, arterial hyper-
tension, atrial fibrillation, etc.) (Table 1).

In the group of long-livers, overweight or obesity
was diagnosed in 139 (69.5%) individuals. Obesity was
observed in 58 (29.0%) participants; most of them (45;
77.6%) had class 1 obesity, while class 2 obesity was reg-
istered only in 13 (22.4%) patients. Only one patient
(0.49%) was diagnosed with body mass deficiency. Mean
body mass index was 27.6 + 4.5 kg/m? (with fluctuations
from 18.2 to 38.8 kg/m?) (Table 2).

Women demonstrated a higher proportion of adipose
tissue in all parts of the body compared to men. The most
obvious differences between women and men were related
to adipose tissue of upper and lower limbs (Table 3).

Number of patients
Diseases
n %
History of myocardial infarction 48 23,8
Chronic heart failure 41 20,3
Atrial fibrillation 67 33,7
History of acute cerebrovascular accident 30 14,9
Arterial hypertension 200 100
Diabetes mellitus / impaired glucose tolerance 31 15,3
Table 2. General characteristics of patients
Men Women
Parameters n=60 n=140 P
(M+SD) (M+SD)

Age, years 92,6+2,8 92,3%2,1 0,5
Body mass index, kg/m? 27,3+3,8 27,6+4,8 0,6
Weight, kg 73,0+10,6 64,0+11,8 0,000001
Height, cm 165,3+14,6 152,1+6,8 <0,000001
Bone mineral density (total), mg/cm? 1130,6+136,2 957,6+107,6 <0,000001
T-score, SD 0,8 (-2,2; 0,5) * 2,4 (-3,1;-1,3) * 0,000004
Z- score, SD 0,65 (-0,9; 1,9) * -0,2 (-1,1; 0,65) * 0,008
Fat mass (total):
g 2149347690 237258451 0,08
% 29,9+8,0 37,1+8,3 <0,000001
Lean mass (total), g 48845+6326 38454+4653 <0,000001
Frail, % 44,4 74 <0,000001
Pre-frail, % 44,4 25,2 0,0002
Robust, % 11,1 0,8 0,0003

Note: * Me — median, Q25 and Q75 — 25% and 75% quartiles, respectively




Apxusb BHyTpeHHei MepAnumHbl © Ne 1 o 2021

OPUTMHAABHBIE CTATbBU

Table 3. The amount of fat mass in different body parts in men and women

Women Men
Parameters n=140 n=60 P
(M+SD) (M+SD)
Total fat mass, g 214937690 23725+8451 0,08
Total fat mass, % 37,1+£8,3 29,948,0 <0,0001
Trunk fat mass, g 12949+5316 13561+5270 0,4
Trunk fat mass, % 37,5+9,5 33,6+9,1 0,006
Arms fat mass, g 21494952 1577+751 <0,0001
Arms fat mass, % 35,5+8,9 23,348,3 <0,0001
Legs fat mass, g 7857+2748 5803+2021 <0,0001
Legs fat mass, % 39,4+8,1 27,3+7,3 <0,0001
100 100
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80 80

70 70

60 60

50 50

40 40

30 30

20 20 40 2 7

10 10

0 p<0.000001 0 p<0.000001

Women Men
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Trunk fat/Total fat ratio

Figure 1. Fat mass distribution in men and women

Figure 1 shows the differences in the distribution of
adipose tissue in men and women. The average ratio of fat
mass in the trunk to the total fat mass was 0.53 + 0.06 in
women and 0.62 + 0.05 in men (p < 0.0001). The aver-
age ratio of fat mass in lower limbs to the total fat mass
reached 0.40 + 0.77 in women and 0.27 + 0.05 in men
(p < 0.0001). The average ratio of fat mass in limbs to
the fat mass in the trunk was 0.83 + 0.23 in women and
0.56 + 0.14 in men (p < 0.0001).

Average bone mineral density reached 1,008 + 140 mg/
cm?, and T-test showed —1.7 SD. BMD reduced by no
more than 1 SD is considered normal; BMD reduced by
more than 1 SD but not reaching —2.5 SD corresponds

Legs fat/Total fat ratio

to osteopenia; values below —2.5 SD reveal osteopo-
rosis. The lowest BMD values were registered in ribs
(626 + 85 mg/cm?), the highest — in the spine and lower
limbs (Figure 2).

All bone mineral density parameters were signifi-
cantly lower in women than in men; the greatest differ-
ences were observed in lower and upper limbs (Table 4).

The amount of lean tissue in women and men is
presented in Table 5. The musculoskeletal index stayed
within normal (more than 6.0 kg/m* in women and
7.0 kg/m*in men) in 145 (72.1%) patients. A decrease
in this index was observed in 35 (25%) women and 20
(33%) men.
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Figure 2. Bone mineral density in different skeleton parts
Table 4. Bone mineral density in women and men
Women Men
Bone mineral density n=140 n=60 p
(M=£SD) (M+SD)
Total BMD (mg/cm?) 957+107 1130+136 <0,0001
Arms BMD (mg/cm?) 730 (673; 791) * 981 (896; 1090) * <0,0001
Legs BMD (mg/cm?) 929+147 1212+176 <0,0001
Trunk BMD (mg/cm?) 803+95 897+123 <0,0001
Ribs BMD (mg/cm?) 603+75 682+83 <0,0001
Pelvis BMD (mg/cm?) 879+133 1000149 <0,0001
Spine BMD (mg/cm?) 962+163 1114+214 <0,0001
Note: * Me — median, Q25 and Q75 — 25% and 75% quartiles, respectively
Table 5. Lean mass in women and men
Women Men
Parameters n=140 n=60 P
(M=£SD) (M+SD)
Total lean mass, g 38453+4653 48845+6326 <0,0001
Trunk lean mass, g 20302+2729 2559243379 <0,0001
Legs lean mass, g 11634+1780 14785+2588 <0,0001
Arms lean mass, g 3668+630 49651697 <0,0001
Skeletal-muscle index, kg/m? 6,6+0,8 7,3+0,9 <0,0001
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Correlation analysis revealed a significant direct cor-
relation between the body mass index of patients and
their fat mass (Fig. 3).

There was also a significant direct correlation between
BMI and bone mineral density in all parts of the skeleton
(p < 0.0001 for all areas); the strongest correlation was
observed for the bones of the trunk (r = 0.5; p < 0.0001)
and ribs (r = 0.5; p < 0.0001).

A highly reliable direct correlation was found between
the fat mass in all parts of the body (both in grams and
percentage) and BMD (both in total and in each separate
part of the skeleton); the most reliable values were estab-
lished for the correlation between BMD of ribs and fat
mass of the trunk (r = 0.85; p < 0.0001) (Table 6).

There was a significant direct correlation between
the mass of lean tissue and BMD (both in total and in

r=0.84; p<0.0001

40,00
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36,00 |
34,00 |
32,00 |
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Body mass index, kg/m?

22,00 |
20,00 |

18,00 |

16,00

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

Total fat (grams)

Figure 3. Correlations between body mass index and fat mass

Table 6. Correlations between bone mineral density and trunk fat mass

0
Bone mineral density Trunk fat mass (g) Trunk fat mass (%)
1 p r;p
Total BMD (mg/cm?) 0,43; <0,000001 0,25; 0,0004

Total BMD (T-score)
Total BMD (Z-score)
Arms BMD (mg/cm?)
Legs BMD (mg/cm”®)
Trunk BMD (mg/cm?)
Ribs BMD (mg/cm?)
Pelvis BMD (mg/cm?)

Spine BMD (mg/cm?)

0,465 <0,000001
0,2; 0,007
0,33; 0,000003
0,37; <0,000001
0,59; <0,000001
0,85; <0,000001
0,56; <0,000001

0,51; <0,000001

0,33;0,000003
0,13; 0,06
0,1; 0,08
0,18; 0,01
0,4; <0,000001
0,4; <0,000001
0,38; <0,000001

0,365 <0,000001
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Table 7. Correlations between bone mineral density and lean mass

Bone mineral density

Total lean mass
r;p

Trunk lean mass
p

Arms lean mass
r;p

Legs lean mass
r;p

Total BMD (mg/cm?)
Total BMD (T-score)
Total BMD (Z-score)
Arms BMD (mg/cm?)
Legs BMD (mg/cm?)
Trunk BMD (mg/cm?)
Ribs BMD (mg/cm?)
Pelvis BMD (mg/cm?)

Spine BMD (mg/cm?)

0,57;<0,000001
0,45;<0,000001
0,2; 0,003
0,65 <0,000001
0,6; <0,000001
0,56;<0,000001
0,55;<0,000001
0,55;<0,000001

0,52;<0,000001

0,52;<0,000001
0,4;<0,000001
-0,17; 0,01
0,57; <0,000001
0,54; <0,000001
0,51; <0,000001
0,52; <0,000001
0,52; <0,000001

0,47; <0,000001

0,64;<0,000001
0,51;<0,000001
0,31; 0,00001
0,69;<0,000001
0,66;<0,000001
0,56;<0,000001
0,53;<0,000001
0,54;<0,000001

0,54;<0,000001

0,49;<0,000001
0,37;<0,000001
0,15; 0,04
0,56;<0,000001
0,51;<0,000001
0,48;<0,000001
0,49;<0,000001
0,43;<0,000001

0,45;<0,000001

all parts of the body); the most reliable relationship was
between BMD of upper limbs and lean tissue mass in
upper limbs (r = 0.69; p < 0.0001) (Table 7).

An inverse correlation was observed between fat
mass and lean tissue; the most significant one was for
lower limbs (r = —0.46; p < 0.0001).

In the studied group of long-livers, sarcopenic obe-
sity was found in 3 (1.5%) patients, along with absolutely
normal bone mineral density, and in 10 (5%) patients —
along with osteopenia. Osteosarcopenic obesity (a com-
bination of osteoporosis, sarcopenia and obesity in one
patient) was found in 4 (2%) patients, and a combina-
tion of osteoporosis with obesity was found in 17 (8.7%)
patients. Normal BMD values combined with the absence
of sarcopenia and obesity were registered in 33 (16.5%)
patients, and isolated osteoporosis (with normal fat and
muscle tissue) — in 41 (20.5%) patients.

Discussion

According to the available medical literature, our
study is one of a few studies concerning body composi-
tion in long-livers [5, 6, 11]. Most other publications pre-
sented the results of studies of body composition in the
elderly population and their comparison with younger
individuals. It should be noted that we found no results
of studying the body composition of long-livers using
dual-energy X-ray absorptiometry in the available lit-
erature sources; a few studies of long-livers used a less
sensitive technique of bioelectrical impedance analysis
[5,6, 11].

The results revealed a large number of overweight
and obese 90-year-old patients (70%). As is known,
fat mass increases with age; this fact is also obvious in
the results of our work [2]. It should be emphasized

that class 1 obesity was the most common, while there
were no cases of class 3 obesity. Most of the examined
patients had body mass index in the optimal range since,
in senile age, the lowest mortality is observed in indi-
viduals with body mass index corresponding to over-
weight or class 1 obesity [12]. Adipose tissue is believed
to have a protective effect in senile individuals, and the
so-called “obesity paradox” means that the prognosis in
overweight elderly patients is better than in individuals
with normal or low body weight [13, 14]. Information
obtained during this study supports this “obesity para-
dox,” at least, in relation to long-livers.

In the studied group of patients, the ratio of fat mass
in the trunk to the total fat mass was 0.53 in women and
0.62 in men. In other words, half of fat mass in women
and more than half in men was distributed in the trunk
(mainly in the abdominal area). These results confirm
the well-known types of distribution of adipose tissue
in men (more in the upper part, “apple-shaped”) and in
women (more in lower limbs, «pear-shaped»), although
with aging, adipose tissue in women accumulates in the
abdominal area too [15].

However, female long-livers demonstrated a higher
proportion of adipose tissue; the most significant dif-
ferences between women and men were in the adipose
tissue of limbs. It is known that there are significant dif-
ferences in women and men in the incidence of obesity,
distribution of fat mass and fat metabolism [15]. Women
generally have a higher proportion of adipose tissue than
men, and they have more subcutaneous fat and fat in
lower limbs; men are more prone to visceral fat depo-
sition [15]. Sex hormones have a significant effect on
adipose tissue. However, the level of estrogens in post-
menopausal women decreases, leading to the excessive
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accumulation of visceral fat in women. Postmenopausal
women have a higher fat mass and its percentage than
pre- and perimenopausal women. The more time passes
after the start of menopause, the higher the increase in
body weight, body mass index and the proportion of adi-
pose tissue [15]. Menopause in all women in our study
began at least 40 years ago.

The somewhat unexpected results of this study
include a significant proportion of patients with normal
bone mineral density, although a steady decrease in bone
density with aging is usually observed [16]. For the clini-
cal interpretation of these results, the following concept
can be proposed: individuals with higher bone mass
density are characterized by maximum life expectancy
and, therefore, lower risk of fractures, while patients
with severe osteoporosis die at an earlier age, primar-
ily after femoral neck fractures. Other studies and our
paper demonstrated that a decrease in bone mineral
density was significantly more often observed in women
[15]. It should be noted that gender differences in regard
to osteoporosis persisted in patients over 95 years old.
Despite their senile age, 5 out of 11 (45.5%) men over
95 had normal BMD values; this parameter in women
amounted to 18.2%, which once again confirmed a
greater predisposition to osteoporosis in women, even
among super-long-livers.

Another unforeseen result of our study that allowed
us to take a fresh look at the health status of long-livers
is the relative preservation of muscle mass in the patients
we observed. The musculoskeletal index stayed normal
in almost three-quarters of patients, while a decrease
in this index was found in 20 (33%) men and 35 (25%)
women.

However, it should be noted that the total amount of
lean tissue in the examined men was more than 10 kg
higher than that in women (48 and 38 kg, respectively).
As is known, muscle mass in men is initially higher due
to the anabolic effect of testosterone, and its reduction
with aging, in contrast to women, is less noticeable and
more gradual [15].

In long-livers, significant relationships between bone,
adipose, and lean tissues were established. There was a
direct correlation between body mass index, fat mass in
all parts of the body and BMD; the most reliable values
were found for the correlation between BMD of ribs and
fat mass in the trunk. Similar results were obtained in
other studies that demonstrated a direct relationship
between adipose tissue and BMD [4]. A meta-analysis
with more than 20 thousand people enrolled in 44 studies

revealed the most significant relationship between bone
and adipose tissue in postmenopausal women of the
Caucasian race (most of the patients in our study were
of this type) [4].

It should be noted that all the effects of adipose tissue
on the state of BMD are not fully understood; they can
vary (from positive to negative) depending on fat mass
and distribution — subcutaneous or visceral [2, 17].
According to some authors, an increase in body fat over
35-40% can have an adverse effect on BMD, while its
smaller amount has a positive effect [18]. According to
our data, no decrease in BMD, along with an increase in
body fat to 40% or more, was detected, with the excep-
tion of BMD of upper limbs with an average value of
777.8 mg/cm’ in obese individuals and 828.9 mg/cm’ in
patients with body fat less than 40% (p = 0.03).

In our study, as expected, a definite positive corre-
lation was revealed between lean tissue mass and bone
mineral density. This relationship between lean tissue in
upper and lower limbs and BMD in the corresponding
areas was more significant than the effect of fat on BMD
in limbs. Similar results were obtained in other studies
[4, 11]. According to a large meta-analysis by Ho-Pham
L.T. et al. (2014), the effect of lean tissue on BMD is sig-
nificantly greater than that of fat, especially in men as
well as in pre-menopausal women [4].

This study established the expected inverse corre-
lation between fat mass and lean tissue. With aging,
fat mass increases and muscle tissue decreases, which
is called sarcopenic obesity [2, 17]. However, it is not
clear whether adipose tissue replaces the empty space
remaining after the death of muscle fibers, or whether
the number and size of muscle cells decrease due to
fatty infiltration of muscle fibers [17]. Our data sup-
port the concept of substitution; it is no coincidence
that the most significant negative correlation was found
between the relative amount of adipose and lean tissue
in lower limbs; body fat (in grams) and total fat mass
(in grams), on the contrary, positively correlated with
lean tissue amount. Other studies also describe the
inverse relationship between fatty tissue and muscle
mass; it is significant that the decrease in muscle mass
was not accompanied by a corresponding change in
body mass index since fat seemed to replace lost muscle
tissue [19].

A typical decrease in muscle mass and bone den-
sity, along with an increase in fat mass with aging, is
more often referred to as “osteosarcopenic obesity” [2,
17]. It should be noted that osteosarcopenic obesity was
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found only in 4 (2%) patients enrolled in this study, and
sarcopenic obesity was found in 10 (5%) participants.
At the same time, 33 (16.5%) patients had normal BMD
and muscle tissue with no obesity. The following could
offer a possible explanation for this low incidence of
osteosarcopenic obesity: our group of patients included
a sufficient number (one-third) of men, and, as is
known, men are less subject to a decrease in bone min-
eral density. Only a quarter of men had osteoporosis,
and only one (1.7%) of them had both sarcopenia and
obesity.

Conclusion

o The results can help to describe the body composition
in long-living persons.

o A relatively high proportion of overweight patients,
but with normal BMD and lean tissue mass, was found.

» Significant correlations between bone, adipose and
lean tissues were confirmed.
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