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Abstract
Background: Although coronary artery calcification (CAC) is osteoporosis associated there is need for 
data considering the influence of overweight, sex and other factors in the interplay when analyzing bone 
microarchitecture intermediate phenotypes in older adults.

Objectives: we aim to establish whether weight and sex are interrelated in a peripheral bone 
microarchitecture-CAC scenario in those particular patients, considering factors that could alter calcium 
homeostasis.

Study design: This is retrospective cross-sectional research involving 256 older adults, 168 women and 
88 men, from the São Paulo Ageing & Health (SPAH) Study.

Method: The Agatston score assessed CAC and high-resolution peripheral quantitative computed 
tomography (HR-pQCT) tibia and radius bone microarchitecture. A Poisson log-link regression model 
was used to gauge rate ratio probability between coronary score >100, HR-pQCT variables, factors 
osteoporosis-related (calcium supplementation, bisphosphonates, vitamin D, coffee, aspirin), sex and 
body mass index (BMI).

Result: The population’s mean age was 79.5+4 years. One hundred and ninety-six showed BMI>25  
(76.6%), with higher female prevalence (83.9% vs. 62.5%, p <0 .001). Coffee intake and medication for 
bone health lacked association. In the general group, radio porosity was CAC associated (Exp(β):1.058, 
CI95%:1.018-1.100, p=0.005) and aspirin (Exp(β): 1.432, CI95%:1.097-1.869). Tibia trabecular number 
had a negative interrelation (Exp(β): 0.789, CI95%: 0.654-0.953, p=0.014. When divided by BMI groups, 
those with BMI>25 maintained the relations (all p <0.05) however it was lost in the remaining group. 
Selecting BMI>25 cases, in women only aspirin and radio porosity were related to CAC, in men were 
trabecular parameters (p<0.05).

Conclusion: Coffee or medication intake used in bone metabolism lacks associations in the models 
studied. The CAC-bone microarchitecture relationship is modified by weight in older adults. Furthermore, 
being overweight entailed different performances for cortical and trabecular bone microarchitecture and 
aspirin intake between sexes. At last, our findings shows that in older adults, sex and overweight express 
differences in bone microarchitecture related to coronary calcification
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Introduction
Vascular calcification, known as ectopic mineralization of 

blood vessels, is an active and cell-regulated process recognized 
as a significant risk factor in community-dwelling older adults 
[1]. Moreover, metabolic bone diseases such as osteoporosis have 
received considerable attention because they are associated with 
vascular calcification [2]. Although the Hunt study, which examined 
a large cohort (22 857 adults), found no association between 
bone mineral density and risk of cardiovascular disease (atrial 
fibrillation, myocardial infarction, ischemic cardiovascular disease, 
hemorrhagic stroke or heart failure) using dual-energy X-ray 
absorptiometry (DEXA) analysis [3], there are cross-sectional and 
longitudinal reports showing an association between osteoporosis 
and coronary calcification (CAC) [4,5]. Both entities, CAC and 
bone metabolism, share gene-gene interactions that influence, for 
example, the vitamin D metabolic process, cellular ion homeostasis, 
and the calcium signaling pathway [6].

Global statistics show osteoporosis and cardiovascular disease 
(CVD) both contribute independently to a consequential overall 
risk burden, and they are common age-related conditions. Some 
events suggest that different illness states may occur through the 
same pathophysiologic pathways when studying aging, smoking, 
physical inactivity, and elevated body mass index (BMI). For 
example, aged women who have menopause had a 2% risk of 
osteoporosis for every 10 units increase in coronary calcium 
score [7]. Increased cortical porosity is the main structural change 
responsible for osteoporotic fractures in older women and men. 
Imaging techniques such as high-resolution peripheral quantitative 
computed tomography (HR-pQCT) allow accurate 3D delineation of 
this bone layer and offer clinical advantages over dual-energy X-ray 
absorptiometry (DXA). This advantage is explained because DXA 
assessing osteoporosis is based on bone mineral density (BMD) 
and does not provide information about the bone microstructure, 
an issue concerning the gold standard endorsed by the World 
Health Organization (WHO) [8].

An adjacent scenario is obesity, an environment in which pro-
inflammatory adipose tissue cytokines can promote the formation 
of atherosclerotic plaques [9,10]. It is worth noting that Class-I 
obesity has a more favorable prognosis compared to individuals 
with standard weight or underweight, a controversial paradox 
in cardiovascular disease [11]. Of note, the definition of obesity 
based on BMI could include individuals with increased lean mass 
and less adipose tissue, which is uncommon in older patients 
where sarcopenia can appear. Therefore, the complexity of these 
individuals is considered an emerging area in geriatric medicine 

[12]. In addition, some sex differences are also present in this 
particular population segment. Some authors observed different 
levels of bone biomarkers depending on sex in a population 
segment of 65-85 years [13].

Despite the well-documented link between obesity and 
cardiovascular disease, the interaction between obesity and bone 
metabolism is still largely unknown. Previous research studies 
suggest that obesity has a beneficial effect on bone density through 
increased muscular strain by passive load [14], but it is uncertain 
about the response to skeletal microarchitecture-CAC association.

Therefore, the present study aimed to investigate the hypothesis 
that there is an association between BMI>25 and sex influence 
when comparing HR-pQCT and the Agatston CAC >100 units thresh 
old, considering some factors that could influence bone metabolism 
and homeostasis in older adults.

Material and Methods
This cross-sectional analysis is based on information from the 

São Paulo Ageing & Health Study (SPAH) [15] and recent research that 
links coronary calcium concentration and bone microarchitecture 
[4]. People 65 years and older living in the Butantã neighborhood in 
the west zone of São Paulo’s made up the study’s demographic. From 
a medical point of view, none of the participants had cancer, severe 
chronic illnesses, liver disease, chronic malabsorption, or chronic 
diarrhea. None of the participants took protein supplements or 
anabolic steroids. All participants completed a standard lifestyle 
and health questionnaire, concerning calcium intake in the diet, 
family history of hip fractures, fragility, and previous fractures, 
history of falls in the past year, alcohol and tobacco use, physical 
activity, coffee consumption (>1 cup per day), and personal history 
of hypertension and diabetes mellitus. The subjects’ weight (in 
kilograms) was divided by their height (in square meters) to 
determine their body mass index (BMI). We used a cut-off value of 
25 to define two groups (BMI>5 vs. BMI≤25).

Bone-affecting substances studied included vitamin D, calcium 
base phosphate binders, supplementary calcium, aspirin, and 
coffee. Coffee intake formed two groups, those that consume more 
than one cup or not, equivalent to 50ml black coffee Brazilian blend 
with an estimated caffeine content of 23-30mg/ml on average [16].

Evaluation of coronary calcification

Image acquisition for coronary calcification assessment was 
performed using a 320-detector coronary tomography (CT) system 
(Aquilion One ViSION, Toshiba Medical System, Japan), with cardiac 
synchronization using prospective triggering and a maximum 

Abbreviations: CAC: Coronary Artery Calcification; SPAH: São Paulo Ageing & Health study; HR-pQCT: High-Resolution Peripheral Quantitative Computed 
Tomography; BMI: Body Mass Index; DEXA: Dual-Energy X-Ray Absorptiometry; CVD: Cardiovascular Disease; AIDR 3D: Adaptive Iterative Dose Reduction 
3-Dimensional Algorithm; BMD: Bone Mineral Density; WHO: World Health Organization; CT: Coronary Tomography; Tb.vBMD: Trabecular Volumetric 
Density; Tb.N: Number of Trabeculae; Tb.Th: Trabecular Thickness; Tb.Sp: Trabecular Separation; Ct.vBMD: Cortical Volumetric Density; Ct.Po: Cortical 
Porosity; CAPPesq: Ethics Committee of the University of São Paulo School of Medicine; EVOS: European Vertebral Osteoporosis Study; FAPESP: Sao Paulo 
State Research and Support Foundation; CNPQ: National Council of Science and Technology
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temporal resolution of 125-250ms. The generated slice thickness of 
0.5mm was reconstructed to a 3mm slice thickness for analysis, the 
X-ray tube peak voltage was set to 120kV, and the tube current was 
adjusted to the patient’s body size, with a range of 250-450mA. The 
adaptive iterative dose reduction 3-dimensional algorithm (AIDR 
3D) was used for iterative reconstruction, resulting in a radiation 
dose between 2.6 and 4.0mSv. The method was in accordance 
with the Society of Cardiovascular Computed Tomography and the 
Society of Thoracic Radiology guidelines [17]. The CAC values were 
summed to calculate the Agatston score on a dedicated workstation 
(Aquarius Workstation, TeraRecon, Inc., San Mateo, CA). The 
nonenhanced scan protocol was used to analyze the calcium score 
evaluation. The images were evaluated by a specialist with at least 
2 years of specific training who was unaware of the patient’s clinical 
and tomographic information.

Distal tibia and radius HR pQCT measures

The radius and tibia’s distal section were assessed, 110 slices 
total, or a 9.02mm long section along the axial direction, were 
used in the measurement. The first slice of the scan was placed at 
preset distances from the reference line of 9.5 and 22.5mm for the 
distal radius and tibia, respectively [18]. A three-dimensional HR-
pQCT system (XtremeCT; Scanco Medical AG) was used to measure 
the microarchitecture. With a resolution of 82 m (voxel size), this 
technology enabled the simultaneous acquisition of a stack of 
parallel slices. The imaging parameters employed were 1536 1536 
matrix, 95mA X-ray tube current, and 60kVp effective energy.

The trabecular parameters examined were as follows: Tb.vBMD, 
or trabecular volumetric density (mg HA/cm3); Tb.N: or number 
of trabeculae (1mm, SD); Tb.Th: trabecular thickness (mm); Tb.Sp: 
or trabecular separation (mm); and cortical parameters, including 
Ct.vBMD: cortical volumetric density (mg HA/cm3); Ct.Po: cortical 
porosity.

To establish cortical parameters, computerized segmentation 
software known as “advanced cortical analysis” was utilized in 
addition to conventional morphological analysis [19,20].

For the density parameters at the tibia site, the HR-pQCT 
precision measurement from our lab’s coefficient of variation 
ranged from 0.25 to 1.16%. The data obtained from this study 

complied with the Declaration of Helsinki’s general principles, 
and its 64th WMA General Assembly, Fortaleza, Brazil, October 
2013. The research was approved by the Ethics Committee of the 
University of São Paulo School of Medicine (CAPPesq #1.552.036) 
from a stem study [4].

Statistical analysis

The analysis was conducted using SPSS statistical software, 
IBM Corp. (2017). IBM SPSS Statistic for Windows, Version 25.0. 
Armonk, NY: IBM Corp. Continuous variables are expressed as 
medians with standard deviations. Depending on the Kolmogorov–
Smirnov test for normality, variables were assessed in parametric 
or non-parametric tests. Therefore, the entire sample of continuous 
variables was divided by BMI, and differences were assessed using 
either the Mann-Whitney test or Student’s t-test, depending on 
the distribution pattern. A Chi-squared test was used to assess 
binomial variables. Variables related to HRpQCT were standardized 
into z-scores using the following formula: z= (observed value-
sample mean)/sample standard deviation. Because, bone density 
structure is strongly sex influenced besides BMI, we used both 
variable models assessing it. The Log-link Poisson regression 
model determined the relation using the CAC score values, as the 
dependent variable, in contrast with the other factors that could 
interfere with bone microstructure. The model was adjusted to 
limit variable dispersion distribution (robust or modified method) 
[21]. 

Result
The average age of the population was 79.5+4 years. One 

hundred and ninety-six had an BMI >25 (76.6%), with a significantly 
higher proportion of women. Regarding lifestyle habits, smoking 
was more prevalent in the group with BMI≤25, and coffee showed 
a similar distribution in both groups. In lifestyle habits, smoking 
had elevated prevalence in the BMI >25 group, while alcohol 
consumption made no difference between the groups. As expected, 
those with metabolic syndrome, hypertension, and dyslipidemia 
were the majority in the BMI >25 group, (Table 1). No differences 
were observed between groups when analyzing medications. Renal 
function was significantly higher in the BMI≤25 group but did not 
contribute to the regression models.

Table 1: Population characteristics.

Total N=256 BMI>25 N=196 BMI≤25 N=60 P value

Age (years) 79.5±4 79.6±4 79.3±3 0.597

Female N=168 83.90% 16.10%
<0.001

Male N=88 62.50% 37.50%

Smoking 24 (9.4%) 13 (6.6%) 11 (18.3%) 0.007

Coffee > 1 cup 129 (50.4%) 99 (50.5%) 30 (50%) 0.945

DM 58 (22.7%) 48 (82.6%) 10 (17.2%) 0.205

Metabolic syndrome 103 (40.2%) 93 (90.3% 10 (9.7%) <0.001

HT 192 (75%) 156 (81.3%) 36 (18.8%) 0.002

DLP 117 (45.7%) 99 (84.6%) 18 (15.4%) 0.005
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Smoking 24 (9.4%) 13 (6.6%) 11 (18.3%) 0.007

Alcohol consumption

Never 201 (78.5%) 154 (78.6%) 47 (78.3%) 0.107

Last 3-4 years 2 (0.8%) 0 (0%) 2 (3.3%)

Social 49 (19.1%) 40 (20.4%) 9 (15%)

Current 4 (1,6%) 2 (1%) 2 (3.3%)

T score ≤ -2,5 101 (39.5%) 70 (69.3%) 31 (30.7%) 0.027

New fracture 17 (6.6%) 14 (82.4%) 3 (17.6%) 0.56

Fall history 76 (29.7%) 67 (88.2%) 9 (11.8%) 0.004

Calcium (mg/dl) 9.7+0.5 9.7+0.5 9.6+0.4 0.411

PTH (pg/dl) 56.8+27 57.8+29 53.5+29 0.384

CrCL 75.7+19 74.3 +18 80.4+19 0.025

Medications

Calcium Supplements 86 (33,6%) 67 (77.9%) 19 (22.1%) 0.718

Vitamin D 111 (43,4%) 91 (82%) 20 (18%) 0.073

Biphosphonate 98 (38,3%) 80 (81.6%) 18 (18.4%) 0.132

Aspirin 72 (28,1%) 55 (76.4%) 17 (23.6%) 0.967

Legend: PTH: parathyroid hormone, CrCL: Creatinine Clearance.

There was a high prevalence of women in the BMI >25 group, 
who had more prevalence of metabolic syndrome, hypertension, 
and dyslipidemia as comorbidities. For bone antecedents, the BMI 
>25 group also presented more cases of T-score ≤2.5 and a history 
of falls. Otherwise, renal function was significantly less in this 
group. Medications that could affect bone metabolism had similar 
representation between groups. In terms of microarchitecture, 
both groups were generally homogeneous. Differences were only 

observed in two areas of the tibial skeleton. Individuals with a BMI 
>25 had significantly higher values for the volumetric bone density 
parameter and bone structure (Tb.vBMD, CtTh). No difference was 
observed in radius measurements (Table 2). Creatinine clearance 
showed differences between the BMI groups (Table 1) but did not 
contribute to the model in the univariate analysis. Calcium levels 
and PTH were also removed from the model. However, coffee 
consumption and vitamin D were retained.

Table 2: Bone microarchitecture and BMI groups.

Total N=256 BMI>25 N=196 BMI≤25 N=60 P value

Tibia

Tb.vBMD (mg HA/cm3) 135±40 138±40 126±38 0.041

Ct.vBMD (mg HA/cm3) 820±71 822±66 814±83 0.44

Tb.N (1/mm) 1.52±0.4 1.54±0.4 1.46±0.5 0.178

Tb.Th (mm) 0.07±0.01 0.075±0.01 0.073±0.2 0.372

Tb.Sp (mm) 0.65±0.3 0.63±0.3 0.71±0.4 0.066

Ct.Th (mm) 1.01±0.3 1.03±0.3 0.91±0.3 0.011

CtPo 0.075±0.02 0.079±0.03 0.075±0.03 0.278

Radius

Tb.vBMD (mg HA/cm3) 141±46 142±47 137±42 0.389

Ct.vBMD (mg HA/cm3) 781±71 786±97 764±102 0.127

Tb.N (1/mm) 1.80±0.4 1.82±0.4 1.73±0.4 0.126

Tb.Th (mm) 0.065±0.01 0.064±0.01 0.067±0.02 0.259

Tb.Sp (mm) 0.53±0.2 0.52±0.2 0.59±0.3 0.064

Ct.Th (mm) 0.58±0.2 0.58±0.2 0.56±0.3 0.365

CtPo 0.036±0.04 0.037±0.04 0.038±0.02 0.797

Legend:  CtPo: cortical porosity, TbN: Mean trabecular number, Tb.vBMD: Trabecular bone mineral  density.
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Comparing bone microarchitecture with CAC, using Agatston 
>100 units cutoff value, in the presence of factors affecting bone 
metabolism, considering sex and BMI, we found no association. 
Note to point out aspirin had a positive association with CAC. 
Interestingly we observed that while radius Ct.Po was positively 
associated, Tibia TbN showed an inversed relationship, and 
radius vBMD accompanied the radius Ct.Po behavior (Table 3). 
When forming two groups depending on BMI, aspirin kept the 
association with CAC in the BMI >25 group (Table 4) and not in the 

opposite group (Table 5). Age and sex lacked association in both 
models and similar performance to medications that can alter 
calcium metabolism (vitamin D, bisphosphonates, and calcium 
supplements). Despite coffee having opposite displays depending 
on the BMI, in both situations, without showing any significant 
association. Bone microarchitecture parameters performed alike 
the general population for those with BMI >25, losing a link with 
CAC (Table 5).

Table 3: Agatston score and bone microarchitecture relationship in the general population.

B Exp(β)
95% CI

P
Inferior Superior

Age (years) 0.010 1.01 0.977 0.044 0.567

Sex (female reference) -0.009 0.991 0.717 0.372 0.959

BMI >25 0.167 1.182 0.816 0.71 0.376

Coffee 1> cup 0.077 1.08 0.825 0.415 0.576

Vitamin D 0.097 1.102 0.774 0.569 0.59

Biphosphonates -0.153 0.858 0.606 0.214 0.386

Calcium S. 0.182 1.2 0.85 0.693 0.301

Aspirin 0.359 1.432 1.097 0.869 0.008

zTibia CtPo 0.113 1.119 0.991 0.263 0.069

zRadio Ct.Po 0.056 1.058 1.018 0.1 0.005

zTibia TbN -0.237 0.789 0.654 0.953 0.014

zRadio Tb.vBMD 0.346 1.414 1.173 0.704 <0.001

Legend:  Dependent variable: Agatston score >100, Bone values are expressed in z score, CtPo: cortical porosity, TbN: 
Mean trabecular number (number of trabeculae per unit length, mm), Tb.vBMD: Trabecular bone mineral density. 

Table 4: Agatston score and bone porosity relationship by BMI≤25.

B Exp(β)
95% CI

P
Inferior Superior

Age (years) 0.005 1.005 0.971 1.040 0.786

Sex (female reference) 0.015 1.015 0.714 1.443 0.934

Coffee 1> cup 0.094 1.099 0.815 1.481 0.535

Vitamin D 0.076 1.079 0.735 1.585 0.698

Biphosphonates -0.200 0.818 0.560 1.197 0.301

Calcium S. 0.144 1.155 0.789 1.691 0.457

Aspirin 0.322 1.380 1.028 1.854 0.032

zTibia CtPo 0.106 1.112 0.966 1.280 0.141

zRadio Ct.Po 0.051 1.053 1.006 1.102 0.028

zTibia TbN -0.270 0.763 0.621 0.939 0.011

zRadio Tb.vBMD 0.382 1.465 1.195 1.796 0.000

Legend:  Dependent variable: Agatston score >100, Bone values are expressed in z score, CtPo: cortical porosity, TbN: 
Mean trabecular number (number of trabeculae per unit length, mm), Tb.vBMD: Trabecular bone mineral density.

Table 5: Agatston score and bone porosity relationship by IMC<25.

B Exp(β)
95% CI

P
Inferior Superior

Age (years) 0.025 1.025 0.937 1.121 0.59
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Sex (female reference) -0.197 0.821 0.386 1.746 0.609

Coffee 1> cup -0.079 0.924 0.415 2.059 0.847

Vitamin D 0.085 1.089 0.415 2.856 0.863

Biphosphonates -0.082 0.921 0.321 2.647 0.879

Calcium S. 0.391 1.478 0.563 3.884 0.428

Aspirin 0.55 1.733 0.845 3.555 0.134

zTibia CtPo 0.092 1.096 0.775 1.552 0.604

zRadio Ct.Po 0.377 1.459 0.507 4.195 0.484

zTibia TbN -0.134 0.874 0.604 1.266 0.477

zRadio Tb.vBMD 0.054 1.055 0.624 1.783 0.842

Legend:  Dependent variable: Agatston score >100, Bone values are expressed in z score, CtPo: cortical porosity, TbN: 
Mean trabecular number (number of trabeculae per unit length, mm), Tb.vBMD: Trabecular bone mineral density.

Because their poor contribution to the model, age and 
medications affecting calcium metabolism were taken out the 
regression analysis. Only aspirin was maintained. Men’s and 

women’s bone cortical porosity (tibia and radius) had opposite 
behavior. Tibia thickness although performed similarly for both 
groups, it was only significant in men (Table 6).

Table 6: Calcium score, bone parameter BMI >25 and sex.

Women B Exp(β)
95% CI

P
Inferior Superior

Aspirin 0.496 1.643 1.119 2.412 0.011

Tibia  Ct.Po 0.111 1.118 0.9 1.388 0.314

Radio Ct.Po 0.069 1.072 1.042 1.102 <0.001

Tibia Tb.N -0.146 0.864 0.666 1.122 0.273

Radio Tb.vBMD 0.25 1.284 0.984 1.675 0.066

Men

Aspirin 0.231 1.26 0.839 1.893 0.265

Tibia  Ct.Po 0.223 1.249 1.049 1.487 0.012

Radio Ct.Po -0.567 0.567 0.293 1.096 0.092

Tibia Tb.N -0.523 0.593 0.42 0.836 0.003

Radio Tb.vBMD 0.764 2.146 1.507 3.056 <0.001

Legend:  Dependent variable: Agatston score >100, Bone values are expressed in z score, CtPo: cortical porosity, TbN: 
Mean trabecular number (number of trabeculae per unit length, mm), Tb.vBMD: Trabecular bone mineral density.

Discussion
Instead of being essentially a passive process of calcium 

phosphate precipitation or adsorption in end-stage atherosclerosis, 
the calcification of vascular tissue is considered a highly structured 
process regulated by mechanism similar to those engaged in 
bone mineralization [22,23]. Aspects previously highlighted and 
covered potential molecular mechanisms interwinding skeletal 
bone and vascular tissue through shared osteogenic regulatory 
molecules, response to inflammation, and hemodynamics factors 
[24]. Between those factors, osteocalcin is worth emphasis, a novel 
hormone that can alter glucose homeostasis as well as smooth 
muscle cells (VSCMs), and has been reported as independently 
associated with coronary calcification in women [25]. Osteocalcin 
is a bone formation marker that originates from the skeleton and 
indicates the potential for osteoblasts in making bone matrix. 
It is a marker of bone mineralization and calcium homeostasis, 
recognized as a strong predictor for coronary atherosclerosis 

severity [26,27]. Furthermore, vitamin K-dependent-osteocalcin 
is related to bone metabolism and metabolic disorders, including 
obesity and diabetes, through some molecular proteins and 
hormones, including adipokines [28]. A specific hormonal aspect 
hormonal aspect to be acknowledged in this work is pertinent to 
our majority group; elderly women, where estrogens deficiency can 
promote osteoporosis by inhibiting osteoclast formation and bone 
resorptive activity due to lack of the hormone signaling expressed 
in osteoblast, osteoclast, and osteocytes losing target genes-
encoding proteins such as IL-1, insulin-like growth factor 1 (IGF1), 
and TGFβ [29].

Weight factor

A recent study lacked to find an association between BMI and 
CAC [30]. Although they evaluated a large population, key elements 
differ from our study. First, they had younger cases (56+11 years), 
52 % of males, including a high 44% of CAC scores zero, without 
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using the cut-off value of 100 and no factors that can affect the 
bone turnover, as we did. Fractures are a clinical representation 
of this insufficient bone mineralization. In obese adults, the risk 
of fracture is not the same for all skeletal sites and appears to be 
site-dependent: the risk for some non-vertebral fractures, such 
as proximal humerus, upper leg, and ankle, is higher compared to 
normal weight [31,32], but it is lower at vertebral sites and proximal 
femur [33]. This heterogeneous bone performance could partially 
explain the mix results between sex and the regions studied. The 
knowledge of previous work was just a fit for the two sites that 
we evaluate porosity characteristics. Besides, some sites are less 
affected by age. For example, the trabecular density and thickness 
do not vary with age at the tibia site [33]. This performance 
might explain why in the BMI >25 group Tb.vBMD, CtTh values 
were higher, showing perhaps a beneficial effect of weight in this 
particular site. It is worth stressing that the radius is less affected 
by weight. Nonetheless, it’s an excellent site to evaluate cortical 
porosity as indicative of osteoporosis.

Caffeine influence

In a different scenario, caffeine in a greater consumption 
manner (800mg) has been recently known to enhance the renal 
clearance of calcium up to 77% [34], and a >1 cup per day was 
already associated with coronary calcification [35]. The Rotterdam 
Coronary Calcification study included a high Agatston score cut-
off value (>400) and more than 3 cups of coffee as daily intake, 
coffee showing beneficial odds [36]. However, those studies did not 
address if the person was taking other substances affecting bone 
turnover as was in this research. Interestingly, the RANCHO study 
associated coffee intake with osteoporosis, but only in women 
without supplemental calcium as the one of milk intake [37]. They 
conclude that milk offset the coffee-osteoporosis association. 
Therefore, let’s take a coffee always with some milk should be our 
recommendation. This should explain controversial reports about 
coffee and osteoporosis.

Substances that can affect bone turn over

Bisphosphonates, calcium and vitamin D3, denosumab, 
teriparatide, raloxifene, and strontium ranelate are part of the 
medications used to treat osteoporosis. In this study, we only obtain 
information for three. Those are the most accessible ones in our 
population. Despite that, we gathered a significative statistical 
valuable information. We collected information regarding calcium 
intake and other factors like alcohol and smoking in concordance 
with the European Vertebral Osteoporosis Study (EVOS) [38]. Worth 
noting, the questionary was design for multinational population-
based studies. Unfortunately, we did not observe any relationship 
with the bone parameters and the cause might be adjourn to the 
cross-sectional design, and small sample, thus encouraging further 
cohort research.

Nonsteroidal anti-inflammatory drug (aspirin)

Respecting aspirin and its interaction with bone metabolism has 
been elusive to be related to osteoporosis. However, epidemiological 

data in the study derived from the NHANES population, using dual-
energy X-ray absorptiometry (DXA), found an association with 
several antiplatelet agents, including aspirin in osteopenia and 
osteoporosis, with more significance in women [39]. It is worth 
mentioning that the study used bone mineral density T-scores from 
the femur and tibia. Furthermore, a recent publication of a sub-
study of the ASPREE trial failed to prevent fractures in healthy older 
adults, indicating a potential risk for chronic low-dose use [40]. 
Additionally, a large study extracted from the NANHES database 
evaluating the use of aspirin in women and men stratified in 10 
years groups from 50 till 80 years 65 found a modest benefit on bone 
mineral density (BMD) in the femoral neck [41]. However, a wider 
group from the same survey failed to find associations between 
BMD and low aspirin use [42]. Both studies did not report bone 
microarchitecture or medications that could affect bone turnover. 
Thanks to a more detailed view of the bone microarchitecture by 
HR-pQT, we observed that aspirin had a positive association with 
calcium score in the general population and those with BMI>25, 
accompanying the porosity parameters and also the BMD. These 
results might explain how aspirin consumption excerpts distinct 
bone site behavior in this population instead of those reported by 
DXA methods who evaluate femur neck and spine instead of radius 
and tibia.

Study limitations and strengths

The research was an observational, single-center study with 
a limited participant number. Moreover, we quantified the use of 
substances that affect calcium metabolism in a simple form. There 
is no mention of drug doses or time of its use. BMI threshold was 
based on the WHO definition that provides cut-off points for adults 
aged 25 and older (excluding pregnant and breastfeeding women); 
yet, it acknowledges that in individuals very old with diminished 
BMI. Therefore, using an age-appropriated threshold might improve 
classification regarding health risk. Some authors proposed the use 
of age stages of adulthood [43].

Finally, it is worth pointing out that we did not intend to 
assess nutritional status where a BMI>27 threshold some authors 
recommended classifying overweight in older adults because of 
the changes related to fat and lean mass proportion occurring in 
this age [44]. However, our study has the benefit of using a precise 
method to quantify microarchitecture changes, supporting this new 
concept assessing coronary calcification-bone porosity-overweight 
in older populations. 

Conclusion
These findings support that the coronary calcification-

bone architecture relationship is weight-influenced in the 
elderly population. Coffee or medication intake that affects bone 
metabolism lacks associations in the models studied. Additionally, 
there are differences between the sexes in porosity, trabecular 
measurements, and aspirin consumption, all of which are linked to 
coronary calcification.
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