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Trends in bone mineral density among nutritional status categories of
Vojvodina elderly population

TpenoBru MUHEpaIHE KOIITaHE TYCTUHE Y OJTHOCY Ha HYyTPUTUBHU CTATyC

ctapuje nonysanuje Bojpoaune

SUMMARY

Introduction/Objective Low bone mineral density (BMD)
is commonly associated with alterations of nutritional status.
The aims of the present study were to evaluate the
prevalence of low BMD and its associated nutritional risk
factors in Vojvodina population and to use linear regression
equations to predict the BMD by using a simple marker of
nutritional status, body mass index (BMI).

Methods: In this retrospective, cross-sectional study, the
study population was subjects who were undergoing
assessment of BMD between January to December 2017 and
met the study inclusion criteria. A total of 1974 patients
(1866 women and 108 men) were included in this analysis of
nutritional status according to anthropometry and BMI
index, and dual-energy X-ray absorptiometry (DEXA)
measurements of BMD of the femoral neck and lumbar
spine. The relationship between BMI and BMD was
analysed by linear regression equation.

Results: Median age was 63 (56-70) years. Considering
nutritional status category, there were 40% overweight, 31%
obese and 29% normal weight subjects. In most of the
sample, subject had low BMD, 37% had osteopenia and 25%
had osteoporosis. In both bone areas we observed trends of
lowering BMD as the subjects BMI decrease. Subjects with
osteoporosis are more prone to BMI depended BMD
changes, in regard to subjects with osteopenia and normal
BMD. Also, normal weight subjects compared to overweight
andobese, had highest prediction coefficients of BMI
depended changes on BMD:

Conclusion: High prevalence of low BMD coexists with
overweight and. obesity in" the- elderly age category of
females in Vojvodina. Prediction equations for the
calculation of BMD can be used to evaluate the effect of
BMI changes on BMD in clinical settings.

Keywords: Bone Mineral Density, Body Mass Index,
Osteoporosis, Osteopenia, Linear regression

INTRODUCTION

CAXKETAK

YBoa/umip CMameHa MUHEpanHa komraHa ryctuHa (BMJI)
ce 4yecTo MmoBesyje ca mopemehajuma HYyTPUTHBHOTL, CTaTyca.
LuspeBu oBe cTyauje cy OmiaM a ¢e yTBPAW IpeBajeHLHja
CMareHe KOUITaHe T'yCTHHE M MOBE3aHOCT ca HyTPUTHBHIM
(axToprMa pH3HKa y y30pKy moryianguje BojoanHe, u na
ce mpuMeHe Mozenn npenukuuje BM/] kopumhemeM jenHo-
CTaBHOI MapKepa HYTPUTHBHOI CTaTyca, MHIEKCA TelleCHE
mace (UTM).

Mertone: Y peTpoCIIEKTHBHO] CTYAUjU TIPECcEKa, UCITUTHBAHY
MONYJIALMjy Cy YMHWIN TALWjeHTH KOjU Cy y NEpHOAY Of
janyapa mo meuem6pa 2017. romune ypaguiu Meperse BM]T
1 MCITyHaBaJIM KPUTEPHjyME 32 YKIbYUCHE Yy UCTTUTUBARKE. Y
y30pKy ox 1974 menurannka (1866 xena n 108 mymkapa-
11a), aHAIWU3UPAHY /CYy HYTPHUTHUBHHU CTaTyC IpeMa aHTPOIO-
MeTpujckuM Hapamerpuma nu UTM, kao m aBoeHepreTcka
peHnreHcka amcopmuuoHa mepema BMJI y permju Bpara
OyTHe KocTu u nymbanHe kuume. [loBeszanoct m3mehy BMU
u BMJI je ucnuTHBaHa JMHEAPHHUM PETPECHOHHM jeIHAYTH-
HaMma.

Pe3yaraTtn: Menujana roguHa KMBOTa MCIHHTAaHUKA je Owmia
63 (5670 roguua). Hyrpurusuu craryc je y 40% ucnura-
HHKa OMO TNpeKkoMepHa yxXpameHocT, Yy 31% rojasHocT u
29% HopMmaiHa yxpameHocT. BehnHa ucnnranuka je nmana
cMmameny BM/I, 37% je umano ocreonenujy, a 25% octeo-
mopo3y. Y MoCMaTpaHUM perrjaMa KOCTH yOUHIH CMO TPEHT
camkaBara BM/I kako ce cmamyje UTM ucnuranuka. Hc-
MMUTaHUIIA Ca OCTEOIOPO30M CKIOHHUjH Cy mpomeHa BMJ]
koje cy 3aBucHe o WUTM, y omHOCy Ha WCIHTaHHKE ca
octeornenujoM u HopmaHoM BM/JI. HopmanHo yxpamenu, y
KOMIIapalMjy ca UCIIUTAHIMMa APYTUX HYTPUTHBHHX Kare-
ropuja, ¥Majy HajHoBOJbHHje KoepuuujeHte pacta BMJL
IpeMa perpecHoHNM jeHaYMHaMa.

3akspyuak: Bucoka npeBanennuja cmamerne BM/I je yapy-
JKeHa ca rmopemehiajuMa HyTPUTHBOT CTaTyca, IPEeKOMEPHOM
YXPamEeHOCTH U T0ja3HOCTH, KOJI CTapHjuX eHa y BojBoau-
HU. JenHaunHe npensuhama 3a u3pauynaBame BM/] ce mory
KOPHCTHTH 3a npoleHy epexara npomene y UTM na BM/1 y
KJIMHUYKHUM YyCJIOBUMA.

KibyuHe peum: MuHepanHa KOINTaHA TYCTHHA, HWHIEKC
TeJIeCHE Mace, OCTeO0Iopo3a, OCTEONCHHja, JIMHeapHa
perpecuja

The world population is about 7.6 billion people at this moment and it is expected to

increase by one billion in the next ten years and to reach approximately 10 billion by 2050.

Due to the simultaneous ageing trend of population at the global level, the number of elderly

people over 60 years of age, which was 962 million in 2017, is expected to increase more
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than double by 2050. [1]. In Serbia, almost one fifth of a female population and 15 % of
males are older than 65 years. Also, current demographic trends of the population in
Vojvodina indicate regressive type of age structure characterised by 40.2% of people over 50
years [2].

Population ageing results in the increased incidence of osteoporosis in elderly women
[3]. Osteoporosis is a disease characterized with low bone mineral density (BMD) and
compromised bone microarchitecture, both leading to the more expressed bone fragility and
increased risk of fracture. According to the estimation done in-2010, 22 million women and
5.5 million men in Europe suffer from osteoporosis. About 40% of elderly women and from
15 to 30% of elderly men are likely to have osteopaorotic fracture over the course of life [4, 5].

Low BMD and impaired bone quality are commonly associated with nutritional
status. Altered nutritional status, mostly underweight category is associated with low BMD
and compromised bone microarchitecture. Even though overweight and obesity are generally
associated with higher BMD, recent studies imply that overweight and obesity patients also
have serious negative Iimpact on bone metabolism [6, 7, 8]. Obesity is heterogenous,
multifactorial and complex disease which is positively associated to many chronic disorders.
Its diagnosis is based on the evaluation of nutrition status [body mass index (BMI)],
distribution of excessive fat deposits and determination of body composition [9]. Rates of
nutritional abnormalities, overweight and obesity, are rising rapidly. The results of research
from 2006 showed that more than a half of adult population of Serbia (55.7%) was
overweight and obese. In Serbia, Vojvodina has the highest total prevalence of overweight
and obesity, which is as high as 58.5% of the population [10].

Previous analysis focused on the subjects in Vojvodina shown high prevalence of
osteopenia and significant positive correlation between T score and BMI in older women

[11]. Additionally, nutritional status of the subjects was mostly disturbed, high prevalence of
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overweight (43%) and obese subjects (20%) were reported. Considering the increasing trend
of risk factors for low BMD in our population, ageing coexisted with nutritional status
abnormalities, this study aimed to use linear regression equations to predict the BMD by
using a simple marker of nutritional status, body mass index (BMI), on sample population

subjects from the general population of VVojvodina.

METHODS

The study, a retrospective cross-sectional survey, was carried out at the Clinical Center of
Vojvodina, Novi Sad. The study population was subjects who were undergoing assessment of
BMD between January to December 2017 and met the study inclusion criteria. The study
sample consisted of 1974 adults (1866 women and 108 men). The inclusion criteria of this
study required all subjects to be aged 50 years and above, with complete medical
documentation. Exclusion criteria was clinical evidence on existing secondary causes of
BMD disorders (endocrine, gastrointestinal, hematologic, or rheumatic diseases, drug-
induced osteoporosis) [12]. This study was approved by the Ethics Committee of the Clinical
Center of VVojvodina.

Anthropometric measurements analyzed were body weight (medical weighing scale with
precision of 0.1 kg, kg), body height (Martin anthropometer, cm) and BMI derived from
Quetelet's equation. The subject’s nutritional status was defined based on their BMI as
normal weight (BMI 18.50 — 24.99 kg/m?), overweight (BMI 25.00 — 29.99 kg/m?), and
obesity (BMI>30.00 kg/m?) [9].

BMD (g/cm?) was measured with GE Lunar equipment by applying the method of dual-
energy X-ray absorptiometry (DEXA) in the region of lumbar spine (calculated values were

means of four measured values from L1 to L4) and femoral neck. According to the WHO
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standards subjects were classified into subgroups: osteoporosis (T < —2.5), osteopenia (—2.5 <

T <-1.0), normal finding (T >—1.0) [13].

Statistical Analysis

The obtained results were analysed in the computing environment MATLAB 8.
Normality was examined with Shapiro-Wilk test, which showed that the analysed continuous
parameters did not have a normal distribution and therefore they were represented in the form
of median (Q1- Q3). Statistical significance was examined by-applying Kruskal-Wallis test
with post hoc testing on the defined subgroups (normal-finding, osteopenia and osteoporosis),
as well as on the subgroups according to the nutrition status of subjects (normal weight,
overweight, and obesity). Finally, we have used linear regression to analyze trends of

considered parameters in relation with BMI changes.

RESULTS

Table 1 shows general characteristics of the study group. The majority of study
sample subjects were elderly women, within nutritional status category of overweight and
with osteopenia in the region of femoral neck and lumbar spine.

Clinical characteristics of the subjects by BMD categories are given in Table 2.
Observed subjects differ significantly according to their age, osteoporotic subjects were
significantly older compared to osteopenic and those with normal bone mass [65 (59 - 76) vs.
62 (58 - 71) vs. 60 (54 - 66), p<0.001]. The subjects with osteoporosis had significantly lower
BMI values compared to subjects with osteopenia and subjects with normal BMD in the both
observed bone region [25.5 (21.7 - 27.3) vs. 27.3 (23.9 - 30.0) vs. 28.9 (25.9 - 32.4) kg/m?,

p<0.001]
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Table 3 show regional BMD measurements (BMD, T-score and Z-score) in the region
of femoral neck and lumbar spine by the nutritional status of the patients (p<0.001). The
obese patients had significantly higher values of BMD, T-score and Z-score compared to
overweight and normal weight subjects (p<0.001). The overweight subjects had significantly
higher values of BMD, T-score and Z-score compared to normal weight subjects (p<0.001).

The method of linear regression was applied on the entire dataset to determine the
associations between BMI and regional BMD measurements (BMD, T-score and Z-score) in
the region of femoral neck and lumbar spine, and the obtained results are given in Table 4.
Trend analyses based on regression approaches indicate the tendency of BMD increase with
increasing BMI, as shown in Figure 1.

The association between BMI and regional BMD measurements (BMD, T-score and
Z-score) in the region of femoral neck and lumbar spine was determined in the groups of
osteoporosis, osteopenia and normal finding and the results obtained by linear regression are
given in Table 5a, 5b and 5c. In regression equation, the prediction coefficients between BMI
and the osteodensitometry measurements were the highest in the group with osteoporosis as
compared with the other two groups, which means that the observed parameters change most
rapidly with the change of BMI in that group.

The graphs are given in Figure 2. The estimations can be done by means of the
obtained formulae and graphs. For example, if a person is in the group with osteoporosis and
has BMI= 22kg/m?, the observed parameter values are expected to be:

Femoral neck BMD measurements

BMD =0.01*22 + 0.509 = 0.729

T-score = 0.081*22 - 4.128 = -2.346

Z-score = 0.047*22 - 2.171 =-1.137

Lumbar spine BMD measurements
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BMD =0.004*22 + 0.7 =0.788

T-score = 0.031*22 - 4.007 = -3.325

Z-score = -0.014*22 - 1.159 = -1.467

The association between BMI and both bone site measurements was determined in a
similar way in the groups of normal weight, overweight and obesity, and the results obtained
by linear regression are given in Table 6a, 6b and 6c. Prediction coefficients of change in
BMD dependent on BMI were the highest in the group of subjects with normal weight in
regard to the other two groups, which means that the observed parameters change most
rapidly with the change of BMI in that group. The graphs are given in Figure 3. The
estimations can be done by means of the obtained formulae and graphs. For example, if a
subject in the group with normal weight has BMI= 22kg/m?, the observed parameter values
are expected to be:

Femoral neck BMD measurements

BMD =0.021*22 + 0.349=0.811

T-score = 0.175*22 - 5.521=-1.671

Z-score = 0.161*22 - 4.299=-0.757

Lumbar spine BMD measurements

BMD =0.012*22 + 0.671 = 0.935

T-score = 0.103*22 - 4.253= -1.987

Z-score = 0.099*22 - 2.698 = -0.52

DISCUSSION
Osteoporosis is the most common type of metabolic bone disease in developed
countries. The progressive course of disease could lead to severe complications and

represents an important social and economic problem [5]. Results from our study have shown
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that the majority of studied elderly subjects in Vojvodina have relatively high prevalence of
bone structural deterioration due to loss of bone mass, as well as nutritional status
abnormalities.

In this study, subjects were mostly women (95%), mean age 63 (56-70) years.
Considering bone abnormalities, majority of the subjects had low bone mass, 37% had
osteopenia and 25% had osteoporosis. The study results are like those of other surveys in the
Europe with 21 % of women aged > 50 years estimated to have_osteoporosis [4]: Our
observed results are in line with physiological process of age-related bone remodelling,
considering that the peak of bone mass is reached in the middle of third decade in the life,
and afterwards, the gradual physiological involution of bone mass follows with ageing. Also,
known effects of estrogen deficiency: on cortical bone mineralization and loss of bone
strength are present in elderly population [14]. During the ageing continuum, the imbalance
between bone formation and bone resorption with consequent bone mass loss could be
exacerbated by 'several pathophysiological factors. Extrinsic pathophysiological factors,
alternations in nutrition and physical inactivity, could promote the decline in bone mass and
osteoporosis [15].

Regarding nutritional status in our studied subjects aged > 50 years, there were 40%
overweight, 31% obese and 29% normal weight subjects. Obese subjects from our sample
had considerably higher values of BMD in the region of femoral neck and lumbar spine
compared to overweight and normal weight subjects. In both bone areas, we observed trends
of lowering BMD as the subjects BMI decrease.

Age-related changes of body composition and physical inactivity could also have
complex effect on bone health. Despite the generally positive effects of weight on bone
health in elderly, alterations of nutritional status associated with greater fat mass may be

potentially harmful [16, 17]. Some studies have suggested that being overweight and obese
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results in a detrimental effect on bone health. Obesity is primarily associated with a certain
type of osteoporotic fractures in aging individuals, regardless of greater BMD. The data
obtained by the Global Longitudinal Osteoporosis in Women study show that the general
prevalence and incidence of fractures did not significantly differ between obese and normal
weight subjects, but obese subjects were more prone to the ankle and upper leg fractures [18].
Leslie et al. performed a large prospective study of 40,050 women and 3,600 men_ age =50
years of age, to assess the relationship between skeletal health and estimated total body lean
and fat mass. Study showed that increased lean mass is protective to skeletal health and
positively associated with BMD, while excessive fat-mass had no effect on BMD. Also,
higher fat mass was not independent risk factor of fractures over the study period [19].
Further, some studies reported that complications of osteoporosis usually occur in obese
subjects with coexisting comorbid conditions requiring corticosteroid therapy, asthma and
emphysema [20].

Our results shown. that subjects with osteoporosis were mostly within overweight
nutritional category. In inactive elderly individuals, overweight is usually associated with
abdominal obesity [21]. The common approach that the excessive body mass has a protective
role in osteoporosis prevention has been doubted due to results of studies on the negative
effect exerted by the abdominal - visceral adipose tissue (AT) on the BMD. In addition to the
AT effects to bone by mechanical burden and conversion of gonadal steroids, increased bone
marrow adipogenesis, secretion of proinflammatory cytokines and adipokines could exert
negative effects of adipocytes in the bone tissue [22].

Furthermore, regression equations and prediction coefficients in our study showed
that subjects with osteoporosis are more prone to BMI depended BMD changes, regarding
subjects with osteopenia and normal BMD. Also, normal weight subjects compared to

overweight and obese, had highest prediction coefficients of changes in BMD. These
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observations are in accordance with results obtained from studies by other researchers
[23,24]. In this study the higher BMI had a more significant correlation with the femoral neck
BMD than with BMD of lumbar spine. The femoral neck has a higher percentage of cortical
bones as compared with the vertebrae, which can have a stronger effect on a cortical than on
trabecular bone [25]. Elderly population, and obesity is associated with an inadequate status
of micronutrients or hidden hunger, thus indirectly affecting bone status [26,27].

Limitations of this study include its cross-sectional design and setting, thus preventing
causal relationships and generalization. Further details on. specific aspects of body
composition, data considering physical activity and predictors of bone status such as diet,

nutrients are also needed.

CONCLUSION
High prevalence of low bone mass coexists with overweight and obesity in the elderly age
category of females in Vojvodina. Prediction equations for the calculation of BMD can be

used to evaluate the effect of BMI changes on BMD in clinical settings.
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Table 1. General characteristics of the study sample subjects

Characteristics (n = 1974)

Female (n/N, %) 1866/1974 (95%)
Age in years 63 (56 - 70)
BMI (kg/m?) 27.4 (245 - 30.9)

FN - BMD(g/cm?)

0.9(0.7-1.0)

FN - T Score -1.1 (/-1.9/-0.3)
FN - Z Score -0.3 (/-1/-0.4)
LS - BMD — (g/cm?) 1.0 (0.9-1.1)

LS - T score

-15 (J-2.5/ - 0.4)

LS - Z score

-0.3 (/-1/- 0.7)

BMI (kg/m®) — body mass index; BMD - bone mineral density; FN — femoral neck, LS -

lumbar spine
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Table 2. Clinical characteristics and osteodensitometry measurements of the study sample
subjects by categories
Parameters | Osteoporosis Osteopenia Normal finding Kruskal- Post hoc

(n=494) (n = 745) (n =735) Wallis test | testing
Age (years) | 65 (59 - 76) 62 (58 - 71) 60 (54 - 66) p<0.001 p<0.001*
BMI 25.5 (21.7 - 27.3) 27.3 (23.9 - 30.0) 28.9 (25.9 - 32.4) p<0.001 p<0.001*
(kg/m?)
Femoral neck BMD measurements
BMD 0.8(0.6-0.7) 0.9 (0.76 - 0.84) 1.0(0.9-1.0) p<0.001 p<0.001*
(g/cm2)
T Score -2 (1-3.3/ - 1-2.6/) -1.1 (/-2.0/ - /-1.4/) |-0.4 (/-0.7/-0.3) p<0.001 p<0.001*
Z Score -0.9 (/-2.2/ -/-1.2/) |-0.4(/-1.2/ -/-0.4/) |0.1(/-0.1/~/-0.9/) | p<0.001 p<0.001*
Lumbar spine BMD measurements
BMD 0.8 (0.7-0.9) 0.9 (0.8-1.0) 1.1(1.0-1.2) p<0.001 p<0.001*
(g/cm?)
T Score -3 (1-3.7/ - 1-2.2]) -1.8 (/-2.8/=/-1.3/) | 0.0 (/-1.6/ -0.3) p<0.001 p<0.001*
Z score -1.4 (/-2.0/-/-0.5/) |-0.4(/-1.2/-/-0.1/) |1(/-0.5/-1.3) p<0.001 p<0.001*

BMI (kg/m?) — body mass index, BMD (g/cm?) - bone mineral density, * post hoc testing
between groups osteoporoesis vs. osteopenia, osteoporosis vs. normal finding, osteopenia vs.
normal finding
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Table 3. Comparisons of regional bone mineral density measurements in the region of
femoral neck and lumbar spine by the nutritional status of the patients

Parameters Normal weight Overweight Obesity Kruskal- | post hoc
(N=579) (N=790) (N=605) :’:S"’:"'S testing
23.1(21.6 -24.03) | 27.3(26.3-28.6) 32.8 (31.2-35.3)
kg/m? kg/m? kg/m?

Femoral neck bone mineral density measurements

BMD 0.8(0.7-0.9) 0.9 (0.8-1.0) 0.9 (0.8-1.0) p<0.001 | p<0.001*

(g/cm?)

T Score -1.6 (/-2.3/ - /- -1.1(/-1.9/-/-0.3/) |-0:6(/-1.4/—/-0.2/) | p<0.001 | p<0.001*
0.9/)

Z Score -0.7 (/-1.3/-0.0) -0.3 (/-1.1/-0.4) 0.0 (/-0.7/ - 0.6) p<0.001 | p<0.001*

Lumbar spine bone mineral density measurements

BMD 1.0(0.8-1.1) 1.0(0.9-1.1) 1.1(1.0-1.0) p<0.001 | p<0.001*

(g/cm?®)

T Score -1.9 (/-2.9/ - I- -1.6 (/-2.5/ - 1-0.5/) | -1 (/-2.5/—1-0.5/) p<0.001 | p<0.001*
1.0/)

Z Score -0.5 (/-1.3/-0.3) -0.2 (/-1.0/-0.7) -0.1 (/-0.9/-1.1) p<0.001 | p<0.001*

BMD - Bone mineral density
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Table 4. Regression equations of BMD of femoral neck and lumbar spine in relation to BMI
in all subjects

Formulas Trend

Femoral neck BMD measurements

BMD =0.011 x BMI + 0.581 1
T Score =0.091 x BMI - 3.621 1
Z Score = 0.057 x BMI - 1.906 1

Lumbar spine BMD measurements

BMD =0.011 x BMI + 0.698 1
TScore =0.094 x BMI - 4.012 1
ZScore =0.052 x BMI - 1.589 1

BMI (kg/m?) — body mass index; BMD/(g/cm?) — bone mineral density
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Table 5a. Regression equations of BMD of femoral neck and lumbar spine in relation to BMI
in subjects with osteoporosis

Formulas Trend

Femoral neck BMD measurements

BMD = 0.01 x BMI + 0.509 0
T Score = 0.081 x BMI - 4.128 1
Z Score = 0.047 x BMI - 2.171 1

Lumbar spine BMD measurements

BMD =0.004 x BMI + 0.7 T
TScore = 0.031 x BMI - 4.007 0
ZScore =/-0.014/ x BMI - 1.159 !

BMI (kg/m?) — body mass index; BMD/(g/cm2) = bone mineral density
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Table 5b. Regression equations of BMD of femoral neck and lumbar spine in relation to BMI
in subjects with osteopenia

Formulas Trend

Femoral neck BMD measurements

BMD =0.006 x BMI + 0.691 1
T Score =0.061 x BMI - 2.884 1
Z Score =0.036 x BMI - 1.399 1

Lumbar spine BMD measurements

BMD =0.002 x BMI + 0.92 1
TScore =0.013 x BMI - 2.144 1
ZScore =/-0.016/ x BMI - 0.013 !

BMI (kg/m?) — body mass index; BMD/(g/cm2) = bone mineral density
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Table 5c. Regression equations of BMD of femoral neck and lumbar spine in relation to BMI
in subjects with normal BMD measurements

Formulas Trend

Femoral neck BMD measurements

BMD = 0.006 x BMI + 0.79 i)
T Score = 0.053 x BMI - 1.912 1
Z Score = 0.032 x BMI - 0.075 1

Lumbar spine BMD measurements

BMD =0.004 x BMI + 1.075 T
TScore = 0.035 x BMI - 0.811 1
Zscore =/-0.015/ x BMI - 0.701 !

BMI (kg/m?) — body mass index; BMD/(g/cm?) — bone mineral density
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Table 6a. Regression equations of BMD of femoral neck and lumbar spine in relation to BMI
in normal weight subjects

Formulas Trend

Femoral neck BMD measurements

BMD =0.021 x BMI + 0.349 )
T Score =0.175 x BMI - 5.521 1
Z Score =0.161 x BMI - 4.299 1

Lumbar spine BMD measurements

BMD =0.012 x BMI + 0.671 1
TScore =0.103 x BMI - 4.253 1
ZScore =0.099 x BMI - 2.698 1

BMI (kg/m?) — body mass index; BMD/(g/cm2) = bone mineral density
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Table 6b. Regression equations of BMD of femoral neck and lumbar spine in relation to BMI
in overweight subjects

Formulas Trend

Femoral neck BMD measurements

BMD =0.012 x BMI + 0.555 1
T Score =0.097 x BMI - 3.737 1
Z Score = 0.057 x BMI - 1.848 1

Lumbar spine BMD measurements

BMD =0.015 x BMI + 0.597 1
TScore =0.118 x BMI - 4.643 1
ZScore = 0.067 x BMI - 1.909 1

BMI (kg/m?) — body mass index; BMD/(g/cm2) = bone mineral density
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Table 6¢. Regression equations of BMD of femoral neck and lumbar spine in relation to BMI
in obese subjects

Formulas Trend

Femoral neck BMD measurements

BMD =0.008 x BMI + 0.661 1
T Score = 0.075 x BMI - 3.094 1
Z Score =0.023 x BMI - 0.789 1

Lumbar spine BMD measurements

BMD =0.011 x BMI + 0.719 1
TScore =0.089 x BMI - 3.876 1
ZScore =0.027 x BMI - 0.756 1

BMI (kg/m?) — body mass index; BMD/(g/cm2) = bone mineral density
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Figure 1. Trend lines of bone mineral density of femoral neck and lumbar spine in relation to

body mass index in all subjects
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Figure 2. Trend lines of bone mineral density of femoral neck and lumbar spine for groups
Osteoporosis, Osteopenia and Normal finding in relation to body mass index in all subjects
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Figure 3. Trend lines of bone mineral density of femoral neck and lumbar spine for groups
Normal weight, Overweight and Obesity in relation to body mass index in all subjects
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