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Abstract 

There is much controversy regarding the involvement of risk factors in the development of the osteoporosis and 

the subsequent occurrence of bone fractures. It is obvious that women live almost a third of their lives without 

the protection that estrogen hormones provide to the bones, that is why the menopause is the main risk factor for 

post-menopause osteoporosis. Other parameters such as patient’s age, height, weight (both current and at the 

time of menopause) can be of real use for detecting the patients at risk of developing osteoporosis and especially 

for secondary prevention. This paper aims to correlate two Dual-energy X-ray absorptiometry (DEXA) 

parameters (Z-score, T-score) with risk factors for bone loss. The study sample consisted of female patients with 

post-menopause  OP  living in the South of Romania. According to our study, the effect of the 3 investigated 

parameters (age, height and weight at postmenopause status onset)  was correlated with the T and  Z scores but 

we found that the main factor influencing the both values is the age at which menopause set. 

Keywords: osteoporosis, T-score, Z-score, risk factors. 

 

Introduction: Starting with the permanent 
increase of the average life expectancy around 

the world [1], a number of health conditions 

related to this factor emerged, with significant 
economic consequences. Among them, a 

frequently encountered health condition in 

modern society is osteoporosis (subsequently 

referred to as OP), a condition considered one 
of the major illnesses of the modern era and 

which medical authorities must pay immediate 

attention to.  
It is obvious that women live almost a third of 

their lives without the protection that estrogen 

hormones provide to the bones. The prevalence 
of postmenopausal OP in Romania is estimated 

at 11.5% [2] and one in three Romanian 

women over the age of 55 would be 

osteoporotic or osteopenic [2].  
Menopause is one of the most important [3] 

risk factors for OP, if not the main one. 

Cessation of menstrual cycles leads to 
significant loss of bone mass. This 

phenomenon begins in the period before the 

climax and is intense in the first years, then 
continuing throughout the rest of life. It is 

considered that the chronological age at the 

time of diagnosis of OP is not as important as 

the number of years after the onset of the 
menopause. However, the risk seemshigher if 

this event occurred earlier in life. In addition, 

delayed menarche, long menstrual cycles, and 
the use of oral contraceptives are factors 

associated with bone loss after menopause [4]. 

While estrogen deprivation is proven to be 
involved in reducing bone mineralization [5], it 

is also important to highlight the involvement 

of other factors in the occurrence and evolution 

of postmenopausal OPs. A number of genetic, 
environmental or anthropometric factors are 

involved in reducing bone density. While some 

of them are difficult to highlight and 
particularly expensive, parameters such as 

patient’s age, height, weight (both current and 

at the time of menopause) can be of real use 
for detecting those at risk of developing OP 

and especially for secondary prevention. 

The possibility to diagnose OP using Dual 

energy x-ray absorptiometry (subsequently 
referred to as DEXA), allows the early 

initiation of appropriate treatment and thus the 

prevention of subsequent complications. 
According to European Guidance for the 

diagnosis and management of OP in 

postmenopausal women, OP is diagnosed 
purely based on an areal bone mineral density 

(subsequently referred to as BMD) with a T-

score of more than 2.5 standard deviations 

(SD) below young normal reference ranges for 
the hip, spine or radius [6]. 
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However, the T-score is not always sufficient 

to predict the evolution of the condition, 

knowing that bone fractures are the most 

important complications. DEXA does not 
measure peak bone mass, bone turnover and 

any other factors, except for the decrease in 

BMD [7-9]. 
Along with the T-score, the Z-score is another 

parameter used in the DEXA evaluation. The 

concept of the Z-score has its origin in 

pediatrics, where the evaluation of a child's 
height increase is compared to the statistical 

variation compared to an average value [10]. 

The Z-score is defined as the number of 
standard deviations by which the measured 

value of BMD deviates from a given case 

compared to the average that characterizes the 
normal local population, of the same sex (11).   

Aim: This paper aims to correlate two DEXA 

parameters (Z-score, T-score) with risk factors 

for bone loss such as age, height and weight of 
patients at the time of installation of the post-

menopausal status. We also aim to establish a 

hierarchy of these parameters in the severity of 
bone loss. 

Method 

The study sample consisted of 395 patients 
with Tscore less than -1.5DS  living in the 

South of Romania.  

The sampling criteria for participation in the 

study were: 
• Well-informed consent was taken from 

all patients, ensuring them of how the privacy 

of patient data would be maintained. 
• Postmenopausal patients with a 

diagnosis of a definite OP/osteopenia [6] prior 

to the inclusion in the study, based on the T-

score (DEXA), without previous 
antiosteoporosis treatment. 

• Determination of BMD at the time of 

inclusion in the study group, at the level of the 
lumbar region and by specialized personnel, to 

exclude technical errors.  

• Absence of gastrointestinal tract 
disorders that could have caused vitamin D 

malabsorption or osteo-articular disorders that 

could generate secondary false 

positive/negative tests. 

Patients not meeting the criteria above were 

excluded from the study. 
A questionnaire was built comprising of all 

necessary questions regarding demographic 

and anthropometrical data and the information 
regarding risk factors for osteoporosis. All data 

was documented appropriately.  

Lumbar spine testing of all patients was 

chosen, knowing that the best site for 
monitoring the effect of antiosteoporotic 

treatment is the lumbar spine. Bone density in 

the anterior-posterior images of the spine was 
measured using a device for bone densitometry 

(Osteocore). We took into account two 

parameters examined through DEXA: Z-score 
and T-score. For each of these we developed 

an equation according to the age, the height 

and weight of the patients at the onset of 

menopause (weight is measured in centimeters, 
weight is measured in kilograms). 

Statistical tests were performed using the SPSS 

program.The mathematical processing of the 
data was done using a REGS program, for 

determining the multivariable regression 

functions and the regressioncoefficients, the 
regression analysis indicators and the statistical 

errors,respectively. 

 

Results:Of the total number of patients 
included in the study, most were in the 61-70 

age group. Taking as a parameter the height of 

the patients at the onset of menopause 
(subsequently referred to as HEIGHT), we 

noticed that the vast majority was between 161 

and 170 cmand in terms of weight at the same 

time (subsequently referred to as WEIGHT), 
most of the patients were between 71 and 

80kg.The studied population was divided into 

two groups, according to the values of Tscore 
(osteopenia⸝osteoporosis). The socio-

demographic data for each group is presented 

in Table 1, significant differences between 
groups being observed for the education level. 

Socio-demographic 

data 

Tscore: 

-1.5 to -2.5DS 
(n=189) 

Tscore: 

≥-2.5DS 
(n=206) 

Age mean (SD) 62.4 (7.2) 65.3 (7.2) 

Hight (cm) 160.7 

(140-178) 

162.0 

(145-176) 
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Weight (kg) 71.5 
(49-115) 

72.0 
(48-110) 

No studies 27.8% 11.2% 

Higher education 13.3% 20.5% 

Working 16.2% 14.7% 

Medically retired 6.7% 61.8% 

Table 1. Socio-demographic data( n = number of patients, SD = standard deviation). 

Regarding the age at the onset of the postmenopausal status (subsequently referred to as AGE), we 

noticed that most patients were in the 41-50 age group. In the subgroup of patients with actual 

osteoporosis(T-score below -2.5DS), the mean age at the onset of the postmenopausewas 46.42 years. 
Those with a T-score between -1.5 and -2.5 (osteopenia) had a mean age of 46.03, a difference that is 

statistically insignificant (p = 0.52122). (Table 2) 

 
Tscore: 

≥-2.5DS 

Tscore: 

-1.5 to -2.5DS 
Total 

The mean age at the onset 

of postmenopause 
46,03 46,42 46,16 

p=0,52122 

 
Tscore: 
≥-2.5DS 

Tscore: 
-1.5 to -2.5DS 

Total 

Mean 46,03 46,42 46,16 

Standard Dev. 5,70 5,85 5,75 

C.V. 12,38 12,61 12,45 

Table 2.The mean age at the onset of the postmenopausedepending of T score value 

The most widely used multifactorial regression model is the linear or linearizable model. 

It is considered as a function of linear regression: Z-score, with the following variables: X1 = AGE; 

X2 = HEIGHT; X3 = WEIGHT.The experiments were conducted according to factorial programs. The 
experimental results and the Z-score values, based on a program of 12 experiments, are systematized 

in Table no 3, where the dependent variable Y is represented by the Z-score; the independent variables 

remain constant. 
 

i    Xi AGE HEIGHT WEIGH

T 

Y=Z-score 

1 -1(40) -1(155) -1(55) 1,300 

2 +1(55) -1(155) -1(55) 0,400 

3 -1(40) +1(165) -1(55) 0,300 

4 +1(55) +1(165) -1(55) 4,500 

5 -1(40) -1(155) +1(90) 0,600 

6 +1(55) -1(155) +1(90) 4,500 

7 -1(40) +1(165) +1(90) 0,600 

8 +(55) +1(165) +1(90) 0,600 

9 0(47) 0(160) 0(70) 0,500 

10 0(47) 0(160) 0(70) 0,510 

11 0(47) 0(160) 0(70) 0,520 

12 0(47) 0(160) 0(70) 0,600 

 

Table 3.The experimental results and the Z-score values, based on a program of 12 experiments 
The significance level of the coefficients was as follows: R0=0.16<1=significant variable, R1=0.34 

<1=insignificant variable, R2=0.03<1=insignificant variable, R3=0.00<1=insignificant variable. 
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Coefficients: a0=9.875, a1=2.782, a2=-4.242, a3=0.165. Table 4 shows the regression analysis 

indicators and the coefficients corresponding to the analyzed Z-score values.  

 

Experiment 

Z-score 

measured 
values 

Z-score 

 calculated 
values 

Absolut

e error 

Relative 

error 

1 1,300 0,552 0,75 57,53 

2 0,400 1,339 -0,94 -234,84 

3 0,300 0,424 -0,12 -41,18 

4 4,500 1,027 3,05 77,17 

5 0,600 0,599 0,00 0,17 

6 4,500 1,453 3,05 67,71 

7 0,600 0,459 0,14 23,43 

8 0,600 1,114 -0,51 -85,73 

9 0,500 0,784 -0,28 -56,89 

10 0,510 0,784 -0,27 -53,81 

11 0,520 0,784 -0,26 -50,85 

12 0,600 0,784 -0,18 -30,74 

Table 4.The regression analysis indicators and the coefficients corresponding to the analyzed Z-score 
values 

A linear regression was determined as follows: Z-score = 9.875AGE2.782HIGHT-4.242WEIGHT0.165 

The age, height and weight factors analyzed based on the indicators R1, R2, R3 influence the Z-score 
differently. It is found that the main factors influencing the Z-score value, in the order of their weight 

are: age at menopause (R1=0.34<1), height (R2=0.03<1), weight (R3=0.00<1), so the age at which 

menopause set in has a maximum influence on Z-score values. 

As the T-score values could also be negative, a linear function, which can be logarithmic, cannot be 
used as a regression function. Therefore, a second-order nonlinear regression function was used. It is 

considered as a function of nonlinear regression: T-score, with thesame variables used for Z-score: X1 

=AGE; X2=HEIGHT; X3=WEIGHT. In order to estimate the relations as close as possible to the 
modelled phenomenon, higher order terms (second order) must also be considered, in order to increase 

the number of research experiments. Table 5 shows the actual values of the T score. 

 

i    Xi X1(AGE) X2(HIGHT) X3(WEIGHT) Y=T-score 

1 -1(40) -1(155) -1(55) 0,300 

2 +1(55) -1(155) -1(55) -0,600 

3 -1(40) +1(165) -1(55) -0,900 

4 +1(55) +1(165) -1(55) 3,400 

5 -1(40) -1(155) +1(90) -0,600 

6 +1(55) -1(155) +1(90) 3,400 

7 -1(40) +1(165) +1(90) -0,600 

8 +(55) +1(165) +1(90) -0,200 

9 -1(40) 0(160) 0(70) -1,00 

10 +1(55) 0(160) 0(70) -1,600 

11 0(47) -1(155) 0(70) -1,600 

12 0(47) +1(165) 0(70) 3,400 

13 0(47) 0(160) -1(55) -3,100 

14 0(47) 0(160) +1(65) -0,600 

15 0(47) 0(160) 0(70) -1,000 

16 0(47) 0(160) 0(70) -1,100 

17 0(47) 0(160) 0(70) -1,000 

18 0(47) 0(160) 0(70) -1,000 

Table 5.The experimental results and the T-score values, based on a program of experiments 
A nonlinear regression equation was determined: Y=ao-a1AGE+a2HEIGH+a3WEIGHT+a11AGE2 + 

a22HEIGH2 + a33WEIGHT2 + a1 a2 AGE HEIGHT+a2a3 HEIGHT WEIGHT+a1a3AGE WEIGHT 
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For the linear model, the dependent variable is considered: Y=T-score, Independent variables remain 

the same. 

Significance of coefficients: R0=0.30<1=significant variable, R1=0.30<1=insignificant variable, 

R2=0.10<1=significant variable, R3=0.03<1=insignificant variable, R11=0.00<1=significantvariable, 
R22=0.77<1=significant variable, R33=0.02=significant variable, R12=0.00<1=insignificant variable, 

R13=0.01<1=insignificant variable, R23=0.30<1=insignificant variable. 

Coefficients: a0=2162.28, a1=-0.828, a2=-27.682, a3=1.69, a11 = 0.50, a22 = 0.08, a33 = -0.002, a12 
= 0.005, a23 = 0.001, a13 = - 0.09. Table 6 shows the regression analysis indicators and the 

coefficients corresponding to the analyzed T-score values. 

 

Experiment T-score measured 
values 

T-scorecalculated 
values 

Absolute 
error 

Relative 
error 

1 0,300 -1,355 1,65 51,51 

2 -0,600 -0,565 -0,04 5,91 

3 -0,900 0,685 -1,59 17,89 

4 3,400 2,275 1,120 33,07 

5 -0,600 0,455 -1,060 17,23 

6 3,400 1,745 1,65 48,66 

7 -0,600 -0,705 0,10 -17,42 

8 -0,200 1,385 -1,59 78,98 

9 -1,000 -1,882 0,88 -88,19 

10 -1,600 -0,443 -2,22 13,89 

11 -1,600 0,618 1,94 57,11 

12 3,400 1,458 -1,16 37,36 

13 -3,100 -1,942 -1,16 37,36 

14 -0,600 -1,482 0,88 -16,31 

15 -1,000 -1,163 0,16 -5,74 

16 -1,000 -1,163 0,06 -5,74 

17 -1,000 -1,163 0,16 -16,31 

18 -1,000 -1,163 0,16 -16,31 

Table 6.The regression analysis indicators and the coefficients corresponding to the analyzedT-score 

values 

A nonlinear regression equation was determined: T-score=2162.28-0.828AGE-27.68HEIGHT-
1.69WEIGHT–0.50AGE2+0.088HEIGHT2–0.002WEIGHT2+0.005AGE*HIGHT+0.001AGE-

0.009WEIGHT 

The analysis shows that the factors age, height, weight analyzed based on the indicators R1, R2, R3 
influence T-score values differently. It is found that the main factors influencing the T-score values, in 

the order of their weight are: menopausal age (R1 = 0.30 <1), weight (R2 = 0.10 <1), height (R3 = 0, 

03 <1), so age at menopause has a maximum influence on T-score values. 

 

Discussions: 

Postmenopausal osteoporosis, characterized by 

low bone mass and structural deterioration, is 
strongly associated with fracture risk [12]. 

Although there are various techniques for 

determining bone loss [13],  DEXA remains 

the most widely used and validated technique 
for BMD measure [14]. The value of bone 

mineral density examined by DEXA, however, 

is not relevant if it is not correlated with age, 
because the BMD value is variable throughout 

life, for a variety of reasons [15]. 

Bone loss related to declining estrogen levels 
seems to be the main cause of reduced bone 

density. For this reason, of all the factors 

involved in postmenopausal osteoporosis, 

thepatient'sage at the time of postmenopausal 
status onset is very important. While at 

theageof 30 the peak bone mass in achieved, 

starting with the 5th decade of life the 

reduction of bone density becomes more and 
more obvious, reaching a maximum peak in 

the perimenopausal period (when the estimated 

loss is at 4-6% per year) [16]. According to the 
literature, age is the strongest predictor for 

fracture risk [17] and therefore for the 

reduction of bone mineral density. The present 
study showed that the age, as well as theweight 
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and height of the patients at the time of the 

onset of the menopause influence the values of 

both the T-score and the Z-score. 

The T-score is exclusively used to determine 
osteoporosis. It represents the linear 

transformation of bone mineral density, being 

dependent on its average value [18]. In our 
study, among the parameters analyzed, age at 

the onset of the menopause has a maximum 

influence on the T score. 

The International Society of Clinical 
Densitometry guidelines stronglylly 

recommend the use of the Z-score for 

diagnosis and monitoring of OP in women 
from age 20 through menopause [19]. Z-score 

is calculated in the same way as the T-score 

but using an age-matched normal population 
for comparison. According to our study, the 

effect of the 3 investigated parameters (age, 

height and weight at postmenopause status 

onset)  was correlated with the Z score, given 
that the sample consisted only of post-

menopausal patients. 

Related to various anthropometric factors, 
bone mineral density is correlated to different 

measures such as height and weight, but this 

association may vary depending on ethnic and 
`Morin S. et al. investigated and supported the 

relationship between patients' height or weight 

and the severity of osteoporosis [21]. The 

novel contribution of our study lies in 
demonstrating that both the height and the 

weight of the patients at the time of menopause 

onset are risk factors for the severity of bone 
demineralization in the study group. Numerous 

studies have shown that overweight is a 

protective factor for BMD, while underweight 

patients have a higher risk of osteoporosis [22]. 
Zhao et al. concluded that fat mass is inversely 

correlated with bone mass [23]. The present 

study supports the idea that body weight at the 
time of menopause influences bone mineral 

density score, both for T and Z scores. 

Moreover, along with the chronological age of 
the woman, the age at the onset of the 

menopause is an important factor in the onset 

of osteoporosis.  

 
Conclusions 

There is much controversy regarding the 

involvement of risk factors in the development 
of the OP and the subsequent occurrence of 

bone fractures. According to the results 

obtained on the studied group in this research, 
we can recommend that the age at which 

osteoporosis sets in should be considered a 

first-line risk factor. The major limitation of 

our study was the use of anamnestic values for 

the height and weight of patients at the onset of 
menopause. The ability to identify other 

parameters that can predict the onset and 

severity of osteoporosis, that are independent 
of the DEXA score and accessible to all 

women through medical education, could be a 

real gain for disease awareness in the entire 

population. Thus, selecting patients for BMD 
estimation and preventing complications of 

postmenopausal osteoporosis could be an 

important goal for future research and practice.  
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