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Abstract
Summary  This retrospective cohort study analysed a total of 344 patients from the OSTEOMED registry with matched 
baseline and follow-up DXA data, finding that comorbidities such as nephrolithiasis, hypertension or coronary heart disease 
may influence the response to prescribed anti-osteoporotic treatment.
Purpose  To determine: 1) comorbidities associated with reduced bone mineral density (BMD), T-score and Z-score at 
the lumbar spine (L1 to L4 vertebrae), femoral neck and total hip; and 2) the role of multimorbidity (≥ 2 comorbidities) in 
reduced BMD, T-score and Z-score at the lumbar spine, femoral neck and total hip.
Methods  Retrospective cohort study analyzing patients [319 females (92.73%), 25 males (7.27%), age 62.13 ± 10.46 years] 
from the OSTEOMED registry with matched baseline and follow-up dual-energy X-ray absorptiometry (DXA) data. Patients' 
sex, age, body mass index (BMI), comorbidities and treatments were collected from their medical records after they had 
given written informed consent.
Results  Considering a least significant change (LSC) of 4.2%, neither comorbidity nor multimorbidity was statistically sig-
nificantly associated with a reduction in BMD in any of the bone regions studied. However, binary logistic regression analyses 
adjusted for sex, age, BMI and treatments showed that nephrolithiasis (p = 0.044) and coronary heart disease (p = 0.026) 
were statistically significantly associated with a reduction in total hip T-score and that hypertension (p = 0.049) and coronary 
heart disease (p = 0.01) were statistically significantly associated with a reduction in total hip Z-score.
Conclusion  Despite comorbidity and multimorbidity, patients with osteoporosis are mostly well protected by anti-osteoporotic 
treatment in daily clinical practice. However, nephrolithiasis, hypertension, and coronary heart disease can influence the 
response to prescribed anti-osteoporotic treatment, especially at the total hip level.
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Introduction

Due to improved treatment of acute conditions and increased 
life expectancy, the leading causes of morbidity and mortality 
worldwide have shifted from infectious and parasitic diseases 
to non-communicable, chronic and degenerative diseases [1]. 
This phenomenon, known as the epidemiological transition, 
has important implications for the design and cost of health-
care services, as people with more long-term conditions have 
poorer health outcomes and make more frequent use of health-
care resources [2, 3].

In this sense, comorbidity is defined as the presence of at 
least 1 chronic disease together with an index disease and mul-
timorbidity as the co-existence of ≥ 2 chronic diseases at the 
same time in an individual, although there is variability in how 
the latter should be measured [4]. Importantly, multimorbidity 
impacts on the functional ability of affected individuals and 
can be used as a prognostic indicator for hospitalisations, read-
missions, length of stay, outcomes and survival [5–7].

Osteoporosis is a metabolic bone disease common in the 
elderly, a period of life in which other clinical entities are 
more likely to co-exist. It is therefore important to character-
ise the evolution of osteoporosis, as measured by changes in 
bone mineral density (BMD) or the occurrence of fractures, 
according to the comorbidities that patients present. Studies 
in this line of research have shown that the risk of fracture 
in patients with osteoporosis is increased by a wide range of 
conditions, such as hypertension, diabetes (especially type I), 
inflammatory bowel and joint diseases, breast and prostate 
cancer, and celiac disease [8–11], and that multimorbidity is 
associated with an increased risk of hip and fragility fractures 
[12, 13]. However, the number of studies evaluating the effects 
of comorbidity and multimorbidity on BMD in osteoporotic 
patients is scarce.

Given this gap in knowledge, and the fact that BMD is a 
central component of increased fracture risk, there is a critical 
need to profile patients at increased risk of BMD loss in order 
to design more effective management strategies. Therefore, 
this retrospective cohort study aims to determine the comor-
bidities independently associated with reduced BMD, T-score 
or Z-score at the lumbar spine (L1 to L4 vertebrae), femoral 
neck and total hip and the role of multimorbidity in reduced 
BMD, T-score or Z-score at the lumbar spine, femoral neck 
and total hip in a Spanish cohort of patients with osteoporosis 
followed up according to daily clinical practice.

Methods

Study design

Retrospective cohort study.

Study population

Patients from the OSTEOMED registry, formed by those 
who attended internal medicine consultations in 23 Spanish 
hospitals for assessment and diagnosis of osteoporosis or the 
presence of fractures between 2012 and 2017. This registry 
includes data from 2,024 patients (1819 females (89.87%), 
205 males (10.13%), age: 64.1 ± 12.1 years) and is promoted 
by the Working Group on Osteoporosis of the Spanish Soci-
ety of Internal Medicine [14]. However, only those patients 
with matched baseline and follow-up DXA data from all 
bone regions considered were selected for the study.

Patients were mainly referred from primary care, other 
hospital services and other internal medicine practices. 
Patients diagnosed with osteoporosis according to the den-
sitometric criteria established by the World Health Organi-
zation (WHO) (T-score < −2.5 at any location) or with 
typical fragility fractures regardless of BMD were included 
[15, 16]. Patients with neoplasia, life expectancy < 1 year 
or age > 90 years were excluded from the registry as their 
follow-up was considered unfeasible in the proposed man-
ner. Patients were followed up according to standard clini-
cal practice, with no additional diagnostic tests or therapeu-
tic interventions during the study. All patients received an 
information sheet about the aim and risks of the study and 
signed a written informed consent before the collection of 
their clinical or personal data. This study was conducted in 
accordance with the Declaration of Helsinki [17] and was 
approved by the Clinical Research Ethics Committee of the 
Albacete University Hospital Complex (Act 02/11).

Study variables

Patients were received in two visits (with at least 1 year 
between visits) in which their BMD, T-score and Z-score 
at the lumbar spine (L1 to L4 vertebrae), femoral neck and 
hip were determined by dual energy X-ray absorptiometry 
(DXA) and their sex, age, body mass index (BMI), comor-
bidities and prescribed non-osteoporotic and anti-osteoporo-
tic treatments were collected from their medical records.

Comorbidities recorded included hypertension, dyslipi-
demia, diabetes mellitus, coronary heart disease, chronic 
kidney disease, chronic obstructive pulmonary disease, 
rheumatoid arthritis, breast cancer, prostate cancer, hyper-
calciuria, hyperthyroidism, hypothyroidism, celiac dis-
ease, Crohn’s disease and nephrolitiasis. Non-osteoporotic 
treatments recorded included radiotherapy, chemotherapy, 
tamoxifen, aromatase inhibitors, benzodiazepines, proton 
pump inhibitors, selective serotonin reuptake inhibitors, 
thiazide diuretics, statins, thyroid hormones, corticos-
teroids and gonadotropin-releasing hormone (GnRH) 
agonists. On the other hand, anti-osteoporotic treatments 
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recorded included calcium, vitamin D, bisphosphonates, 
selective estrogen receptor modulators, strontium ranelate, 
denosumab, calcitonin, teriparatide and parathyroid hor-
mone (PTH).

Numerical variables were created for BMD, T-score and 
Z-score determined at each visit and then categorical vari-
ables named “BMD variation”, “T-score variation” and 
“Z-score variation”, which took the value ‘1’ when there 
was a decrease of in their value between visits and “0” oth-
erwise. For “BMD variation”, only a decrease ≥ 4.2% was 
considered, which refers to the so-called least significant 
change (LSC), resulting from multiplying 2.8 by the coef-
ficient of variation of the technique used (here assumed to 
be 1.5%) [18]. Each comorbidity was a categorical variable 
that took the value ‘1’ when present and ‘0’ when absent. 
Another categorical variable called “multimorbidity” was 
created, which took the value ‘1’ when ≥ 2 comorbidities 
were present and ‘0’ when not. Each treatment was also 
a categorical variable that took the value ‘1’ when pre-
scribed and ‘0’ when not."Polypharmacy"was considered 
when ≥ 5 drugs were prescribed [19].

Statistical analysis

Binary logistic regression was used for the statistical 
analysis of the results of the study. Logistic regression is 
a predictive modelling technique that provides a predic-
tive model to explain a dichotomous variable from inde-
pendent variables. The function of the model is to predict 
the probability of belonging to a category or group (in 
our case the probability of reduced BMD, T-score and 
Z-score) according to the comorbidities and multimorbid-
ity presented by the patients. Another measure calculated 
was the odds ratio (OR) associated with each comorbid-
ity and multimorbidity, which reflects how many times 
the odds of a decrease are greater than the odds of an 
increase when present. Statistical analyses were performed 
with IBM® SPSS® Statistics v24.0 (IBM Corp., Armonk, 
NY) [20] and a P value < 0.005 was assumed for statistical 
significance.

Results

A total of 344 patients [319 females (92.73%), 25 males 
(7.27%), age 62.13 ± 10.46 years] from the OSTEOMED 
registry with matched baseline and follow-up DXA 
data were analysed. The mean time between visits was 
27.06 ± 13.37 months. The characteristics of the patients 
analysed are described in Table 1.

Bone mineral density

At follow-up, the BMD of the lumbar spine, femoral 
neck and total hip of the patients experienced a change of 
0.12 ± 0.64, 0.01 ± 0.57 and 0.09 ± 0.5 g/cm2, respectively. 
A total of 256 (74.42%) patients experienced a reduction 
in BMD in any of the bone regions studied. A decrease 
in BMD at the lumbar spine, femoral neck and hip was 
observed in 140 (40.7%), 181 (52.62%) and 133 (38.66%) 
patients, respectively, while a decrease in BMD ≥ 4.2% 
at the lumbar spine, femoral neck and hip was observed 
in 64 (18.6%), 101 (29.36%) and 67 (19.48%) patients, 
respectively. After adjusting the model for sex, age, BMI 
and treatments, binary logistic regression analysis showed 
that neither comorbidity nor morbidity was statistically 
significantly associated with a decrease in BMD ≥ 4.2% 
in any of the bone regions studied.

T‑score

At follow-up, patients'lumbar spine, femoral neck and 
total hip T-scores experienced a change of 0.12 ± 0.64, 
0.01 ± 0.57 and 0.09 ± 0.50, respectively. A total of 236 
(68.6%) patients experienced a reduction in T-score in any 
of the bone regions studied. A decrease in T-score at the 
lumbar spine, femoral neck and total hip was observed in 
119 (34.6%), 148 (43.02%) and 106 (30.81%) patients, 
respectively. After adjusting the model for sex, age, BMI 
and treatments, binary logistic regression analysis showed 
that nephrolithiasis (p = 0.044) and coronary heart disease 
(p = 0.026) were statistically significantly associated with a 
reduction in total hip T-score. The effect of comorbidities 
and multimorbidity on the reduction of total hip T-score can 
be found in Table 2.

Z‑score

At follow-up, patients'lumbar spine, femoral neck and 
total hip Z-scores experienced a change of 0.21 ± 0.57, 
0.07 ± 0.65 and 0.17 ± 0.45, respectively. A total of 190 
(55.23%) patients experienced a reduction in Z-score in any 
of the bone regions studied. A decrease in Z-score at the 
lumbar spine, femoral neck and total hip was observed in 
90 (26.16%), 108 (31.4%) and 82 (23.84%) patients, respec-
tively. After adjusting the model for sex, age, BMI and 
treatments, binary logistic regression analysis showed that 
hypertension (p = 0.049) and CHD (p = 0.01) were statisti-
cally significantly associated with a reduction in total hip 
Z-score. The effect of comorbidities and multimorbidity on 
the reduction of total hip Z-score can be found in Table 3.
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Table 1   Characteristics of patients (n = 344)

Sex
  Males 25 (7.27%)
  Females 319 (92.73%)

Age
  < 65 y/o 207 (60.17%)
  65–75 y/o 93 (27.04%)
  > 75 y/o 44 (12.79%)

BMI (kg/m2) 25.86 ± 4.82
Comorbidities

  Hypertension 108 (31.4%)
  Dyslipidemia 96 (27.91%)
  Diabetes mellitus 24 (6.98%)
  CHD 14 (4.07%)
  CKD 4 (1.16%)
  COPD 8 (2.33%)
  Rheumatoid arthritis 2 (0.58%)
  Breast cancer 37 (10.76%)
  Prostate cancer 1 (0.29%)
  Hypercalciuria 2 (0.58%)
  Hyperthyroidism 6 (1.74%)
  Hypothyroidism 35 (10.17%)
  Celiac disease 2 (0.58%)
  Crohn's disease 2 (0.58%)
  Nephrolithiasis 12 (3.49%)

Multimorbidity 100 (29.07%)
Lumbar spine

  BMD variation (g/cm2) 0.01 ± 0.06
  T-score variation 0.12 ± 0.64
  Z-score variation 0.21 ± 0.57

Femoral neck
  BMD variation (g/cm2) −0.01 ± 0.05
  T-score variation 0.01 ± 0.57
  Z-score variation 0.07 ± 0.65

Total hip
  BMD variation (g/cm2) 0.01 ± 0.07
  T-score variation 0.09 ± 0.5
  Z-score variation 0.17 ± 0.45

Non-osteoporotic treatments
  Radiotherapy 23 (6.69%)
  Chemotherapy 22 (6.4%)
  Tamoxifene 12 (3.49%)
  Anastrozole 12 (3.49%)
  Letrozole 5 (1.45%)
  Exemestane 5 (1.45%)
  GnRH agonists 1 (0.29%)
  Oral corticosteroids 15 (4.36%)
  Inhaled corticosteroids 9 (2.62%)
  Proton pump inhibitors 49 (14.24%)
  SSRIs 24 (6.98%)
  Benzodiazepines 29 (8.43%)
  Thyroid hormones 35 (10.17%)

BMD  bone mineral density, BMI  body mass index, CHD  coronary 
heart disease, CKD  chronic kidney disease, COPD  chronic obstruc-
tive pulmonary disease, GnRH  gonadotropin-releasing hormone, 
SSRIs selective serotonin reuptake inhibitors, y/o years old

Table 1   (continued)

  Thiazide diuretics 11 (3.2%)
  Statins 68 (19.77%)

Anti-osteoporotic treatments
  Calcium 244 (70.93%)
  Vitamin D 272 (79.07%)
  Alendronate 27 (7.85%)
  Risedronate 56 (16.28%)
  Ibandronate 10 (2.91%)
  Zoledronate 3 (0.87%)
  Raloxifene 4 (1.16%)
  Bazedoxifene 5 (1.45%)
  Strontium ranelate 7 (2.03%)
  Denosumab 38 (11.05%)
  Calcitonin 1 (0.29%)
  Teriparatide 26 (7.56%)
  Parathyroid hormone 7 (2.03%)

Polypharmacy 50 (14.53%)

Table 2   Effects of comorbidities and multimorbidity on total hip 
T-score reduction

95% CI 95% confidence interval, CHD coronary heart disease, CKD 
chronic kidney disease, COPD chronic obstructive pulmonary dis-
ease, n/a not available, OR odds ratio
*p-value < 0.05

OR 95% CI p-value

Hypertension 1.809 0.699–4.679 0.222
Dyslipidemia 0.370 0.109–1.255 0.111
Diabetes mellitus 3.756 0.761–18.545 0.104
CHD 49.911 1.608–1549.207 0.026*
CKD n/a n/a n/a
COPD 0.308 0.008–11.707 0.526
Rheumatoid arthritis 5.588 0.111–281.745 0.39
Breast cancer 0.094 0.002–5.403 0.253
Prostate cancer n/a n/a n/a
Hypercalciuria n/a n/a n/a
Hyperthyroidism 4.107 0.226–74.494 0.339
Hypothyroidism 1.124 0.244–5.181 0.881
Celiac disease n/a n/a n/a
Crohn's disease n/a n/a n/a
Nephrolithiasis 11.428 1.073–121.759 0.044*
Multimorbidity 5.096 0.162–160.666 0.355
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Discussion

The relationship between comorbidity and poorer health 
outcomes in patients diagnosed with osteoporosis has been 
a controversial topic in the scientific literature. For exam-
ple, Lix et al. [21] investigated the Charlson [22] and Elix-
hauser [23] indices for predicting mortality, hospitalisation 
and fractures in two cohorts of osteoporotic patients and 
found that only the Elixhauser index produced a statistically 
significant improvement in fracture prediction accuracy over 
the base set of explanatory variables, although the magni-
tude of change in discrimination was small. Likewise, in the 
FREEDOM trial [24], no statistically significant correlations 
were found between the Shanga [25] and Wolfe [26] indices 
and the number of vertebral fractures, although a modest 
significant correlation was observed with the number of 
fragility fractures prior to baseline. The GLOW study [27] 
did observe that the risk of fracture increased with various 
comorbidities such as Parkinson's disease, multiple sclerosis, 
and heart and lung disease, although at 3-year follow-up no 
increased risk of fracture was associated with these comor-
bidities [28]. In contrast, other studies do support that the 
risk of fracture in patients with osteoporosis is increased by 
the presence of various comorbidities [8–11] and multimor-
bidity [12, 13].

Previous research in a larger number of patients from 
this cohort showed that, in general, sex, age and num-
ber of comorbidities did not influence the response to 

anti-osteoporotic treatment, considered as incident fragility 
fractures after a minimum follow-up of 1 year [29]. Simi-
larly, in this study we found no evidence that comorbidities 
or multimorbidity had a negative impact on patients'BMD 
when an LSC of 4.2% was taken into account. Nevertheless, 
we did observe that nephrolithiasis (p = 0.044) and coronary 
heart disease (p = 0.026) were statistically significantly asso-
ciated with a reduction in total hip T-score, and that hyper-
tension (p = 0.049) and coronary heart disease (p = 0.01) 
were statistically significantly associated with a reduction 
in total hip Z-score.

Nephrolithiasis, characterized by the formation of kidney 
stones, may be associated with a reduction in BMD through 
interconnected physiological mechanisms involving calcium 
homeostasis, renal function, and metabolic dysregulation. 
Hypercalciuria, a hallmark of calcium-based nephrolithiasis, 
can lead to an increase in parathyroid hormone to main-
tain calcaemia, often resulting in increased bone resorption, 
which depletes skeletal calcium stores and reduces BMD, 
especially in weight-bearing areas such as the hip. In this 
regard, studies have shown that people with nephrolithiasis 
tend to have lower BMD compared to controls [30, 31] and 
that men with a history of kidney stones have lower femoral 
neck BMD than men without a history of kidney stones after 
adjusting for confounding factors such as age or BMI [32], 
which is consistent with our findings.

On the other hand, hypertension promotes systemic 
inflammation and oxidative stress, which increases osteo-
clast activity and suppresses osteoblast activity, leading to 
lower BMD. Impaired vascular perfusion due to hyperten-
sion-related microvascular damage further compromises 
bone remodeling, especially in weight-bearing areas such as 
the hip. In addition, hypertension-related renal dysfunction 
may disrupt calcium and vitamin D homeostasis, exacerbat-
ing bone loss. Despite some conflicting evidence [33], our 
results support the conclusions of previous studies that have 
demonstrated a close relationship between hypertension and 
reduced BMD [34–38].

Finally, the relationship between coronary heart disease 
and reduced BMD could be due to numerous reasons. First, 
chronic inflammation associated with coronary heart dis-
ease, driven by elevated cytokines such as interleukin-6 
(IL-6) and tumor necrosis factor-alpha (TNF-α), accelerates 
bone resorption by activating osteoclasts. Second, impaired 
cardiac function often leads to reduced physical activity, 
which decreases the mechanical load on bones, especially 
in weight-bearing areas such as the hip, resulting in lower 
BMD. Third, common risk factors such as advanced age or 
smoking exacerbate both coronary heart disease and bone 
density loss. Added to this are systemic hypoperfusion, 
which impairs bone remodeling, and hormonal imbalances 
such as estrogen or testosterone deficiency, which pro-
mote bone resorption. In this regard, our study aligns with 

Table 3   Effects of comorbidities and multimorbidity on total hip 
Z-score reduction

95% CI 95% confidence interval, CHD coronary heart disease, CKD 
chronic kidney disease, COPD chronic obstructive pulmonary dis-
ease, n/a not available, OR odds ratio
*p-value < 0.05

OR 95% CI p-value

Hypertension 2.827 1.007–7.94 0.049*
Dyslipidemia 0.213 0.43–1.06 0.059
Diabetes mellitus 4.391 0.739–26.087 0.104
CHD 103.38 2.987–3578.341 0.01*
CKD n/a n/a n/a
COPD 2.383 0.95–59.488 0.597
Rheumatoid arthritis 4.222 0.087–205.372 0.467
Breast cancer 2.733 0.061–123.255 0.605
Prostate cancer n/a n/a n/a
Hypercalciuria n/a n/a n/a
Hyperthyroidism 5.198 0.178–151.722 0.338
Hypothyroidism 0.596 0.101–3.502 0.567
Celiac disease n/a n/a n/a
Crohn's disease n/a n/a n/a
Nephrolithiasis 6.303 0.793–50.084 0.082
Multimorbidity 1.204 0.046–31.505 0.911
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previous studies that have found that patients with coronary 
heart disease have lower BMD in the femoral neck [39, 40] 
and a higher risk of subsequent hip fracture [41–43].

Among the strengths of this study are the sample size 
included and the robustness of the statistical methodology 
used, while the main limitations to be taken into account are 
the relatively short duration of follow-up, the lack of sub-
jects without osteoporosis in the analysis, and the absence 
of different ethnicities in the study population and different 
comorbidities in the study variables. These conditions have 
been shown to increase the risk of fracture in osteoporotic 
patients [44, 45], but this may not be due to a reduction in 
BMD, but to an increased risk of falls due to disease symp-
toms or as an adverse effect of medications. Other comorbid-
ities included in this study, such as chronic kidney disease, 
hypercalciuria, prostate cancer, Chron's disease and celiac 
disease could not be correlated with reduced BMD, T-scores 
and Z-scores in the statistical analysis. Future studies that 
include healthy subjects, more comorbidities, different eth-
nic groups, and longer follow-up could help validate the 
results obtained and fill existing knowledge gaps.

Conclusion

Patients with osteoporosis are mostly well protected by anti-
osteoporotic treatment in daily clinical practice. However, 
nephrolithiasis, hypertension, and coronary heart disease can 
influence the response to prescribed anti-osteoporotic treat-
ment, especially at the total hip level.

Acknowledgements  José María Aguado Caballero (Hospital Universi-
tario La Moraleja), Dolors Armengol Sucarrats (Hospital de Terrassa), 
María Luz Calero Bernal (Hospital Universitario Virgen del Rocío), 
Begoña de Escalante Yanguas (Hospital Universitario Lozano Blesa), 
Nerea Hernández de Sosa (Hospital de la Santa Creu i Sant Pau), Pilar 
Sánchez Molini (Hospital Universitario de La Princesa), José Luis 
Hernández (Hospital Universitario Marqués de Valdecilla), María 
José Miranda García, Mercedes Giner García, Cristina Miranda Díaz 
(Hospital Universitario Virgen Macarena), Francisco Javier Rodero 
Hernández (Hospital General de la Defensa de Zaragoza), Rafael Cotos 
Canca, Julia Jareño Chaumel, María José Amérigo García (Hospital 
Clínico San Carlos), Raimundo Tirado Miranda (Hospital Infanta Mar-
garita), Juan Carlos Cobeta García (Hospital Ernest Lluch Martín).

Author contributions  Luis Leal-Vega (Data curation, Formal analy-
sis, Writing—original draft), María Begoña Coco-Martín (Writing—
review & editing), Adrián Martín-Gutiérrez (Formal analysis), José 
Antonio Blázquez-Cabrera (Data curation, Writing—review & editing), 
Francisca Arranz-García (Data curation), Amalia Navarro (Data cura-
tion), María Jesús Moro (Data curation), José Filgueira (Data cura-
tion), Manuel Sosa-Henríquez (Data curation), María Ángeles Vázquez 
(Data curation), María José Montoya (Data curation), Manuel Díaz-
Curiel (Data curation), José Manuel Olmos (Data curation), José Luis 
Pérez-Castrillón (Conceptualization, Data curation, Writing—review 
& editing).

Funding  Open access funding provided by FEDER European Funds 
and the Junta de Castilla y León under the Research and Innovation 
Strategy for Smart Specialization (RIS3) of Castilla y León 2021-2027.

Data availability  Data will be shared upon reasonable request to the 
corresponding author.

Declarations 

Ethics approval  This study was conducted in accordance with the 
Declaration of Helsinki of the World Medical Association and was 
approved by the Clinical Research Ethics Committee of the Albacete 
University Hospital Complex (Act 02/11).

Informed consent  All patients signed a written informed consent form 
to be included in the cohort prior to the collection of their personal or 
clinical data.

Conflicts of interest  Luis Leal-Vega, María Begoña Coco-Martín, 
Adrián Martín-Gutiérrez, José Antonio Blázquez-Cabrera, Francisca 
Arranz-García, Amalia Navarro, María Jesús Moro, José Filgueira, 
Manuel Sosa-Henríquez, María Ángeles Vázquez, María José Mon-
toya, Manuel Díaz-Curiel, José Manuel Olmos, and José Luis Pérez-
Castrillón declare that they have no conflicts of interest.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 McKeown RE (2009) The Epidemiologic Transition: Changing 
Patterns of Mortality and Population Dynamics. Am J Lifestyle 
Med 3(1):19S-26S

	 2.	 Pearson-Stuttard J, Ezzati M, Gregg EW (2019) Multimorbidity-
a defining challenge for health systems. Lancet Public Health 
4(12):e599–e600

	 3.	 McPhail SM (2016) Multimorbidity in chronic disease: impact 
on health care resources and costs. Risk Manag Healthc Policy 
9:143–156

	 4.	 Ho IS, Azcoaga-Lorenzo A, Akbari A et al (2021) Examining var-
iation in the measurement of multimorbidity in research: a system-
atic review of 566 studies. Lancet Public Health 6(8):e587–e597

	 5.	 Ryan A, Wallace E, O’Hara P et al (2015) Multimorbidity and 
functional decline in community-dwelling adults: a systematic 
review. Health Qual Life Outcomes 13:168

	 6.	 Rodrigues LP, Vissoci JRN, França DG et al (2022) Multimor-
bidity patterns and hospitalisation occurrence in adults and older 
adults aged 50 years or over. Sci Rep 12(1):11643

	 7.	 Nunes BP, Flores TR, Mielke GI et al (2016) Multimorbidity and 
mortality in older adults: A systematic review and meta-analysis. 
Arch Gerontol Geriatr 67:130–138

http://creativecommons.org/licenses/by/4.0/


Archives of Osteoporosis          (2025) 20:121 	 Page 7 of 7    121 

	 8.	 David C, Confavreux CB, Mehsen N et al (2010) Severity of 
osteoporosis: what is the impact of co-morbidities? Joint Bone 
Spine 77(2):103–106

	 9.	 Li C, Zeng Y, Tao L et al (2017) Meta-analysis of hypertension 
and osteoporotic fracture risk in women and men. Osteoporos Int 
28(8):2309–2318

	10.	 Vilaca T, Schini M, Harnan S et al (2020) The risk of hip and 
non-vertebral fractures in type 1 and type 2 diabetes: A systematic 
review and meta-analysis update. Bone 137:115457

	11.	 Cauley JA, Wu L, Wampler NS et al (2007) Clinical risk factors 
for fractures in multi-ethnic women: the Women’s Health Initia-
tive. J Bone Miner Res 22(11):1816–1826

	12.	 Ensrud KE, Kats AM, Boyd CM, Study of Osteoporotic Frac-
tures (SOF) Research Group (2019) Association of Disease 
Definition, Comorbidity Burden, and Prognosis With Hip Frac-
ture Probability Among Late-Life Women. JAMA Intern Med 
179(8):1095–103

	13.	 Barcelos A, Lopes DG, Canhão H et al (2021) Multimorbidity is 
associated with fragility fractures in women 50 years and older: 
A nationwide cross-sectional study. Bone Rep 15:101139

	14	 Blázquez Cabrera JA, Sosa Henriquez M, OSTEOMED Group 
(2021) Profile of patients who consult with internists for an oste-
oporosis assessment: The OSTEOMED registry. Rev Clin Esp 
(Barc) 221(1):9–17

	15.	 Kanis JA (1994) Assessment of fracture risk and its application to 
screening for postmenopausal osteoporosis: synopsis of a WHO 
report. WHO Study Group Osteoporos Int 4(6):368–381

	16	 Cosman F, de Beur SJ, LeBoff MS, National Osteoporosis Foun-
dation (2014) Clinician’s Guide to Prevention and Treatment of 
Osteoporosis. Osteoporos Int 25(10):2359–81

	17.	 World Medical Association (2013) World Medical Association 
Declaration of Helsinki: ethical principles for medical research 
involving human subjects. JAMA 310(20):2191–2194

	18.	 Glüer CC (1999) Monitoring skeletal changes by radiological 
techniques. J Bone Miner Res 14(11):1952–1962

	19.	 Masnoon N, Shakib S, Kalisch-Ellett L et al (2017) What is 
polypharmacy? A systematic review of definitions. BMC Geriatr 
17(1):230

	20.	 IBM Corp. Released 2016. IBM SPSS Statistics for Windows, 
Version 24.0. Armonk, NY: IBM Corp

	21.	 Lix LM, Quail J, Teare G et al (2011) Performance of comorbidity 
measures for predicting outcomes in population-based osteoporo-
sis cohorts. Osteoporos Int 22(10):2633–2643

	22.	 Charlson ME, Pompei P, Ales KL et al (1987) A new method of 
classifying prognostic comorbidity in longitudinal studies: devel-
opment and validation. J Chronic Dis 40(5):373–383

	23.	 Elixhauser A, Steiner C, Harris DR et al (1998) Comorbidity 
measures for use with administrative data. Med Care 36(1):8–27

	24.	 Silverman SL, Wang A, Cheng L et al (2016) Comorbidity indices 
for clinical trials: adaptation of two existing indices for use with 
the FREEDOM trial in women with postmenopausal osteoporosis. 
Osteoporos Int 27(1):75–80

	25.	 Sangha O, Stucki G, Liang MH et al (2003) The Self-Adminis-
tered Comorbidity Questionnaire: a new method to assess comor-
bidity for clinical and health services research. Arthritis Rheum 
49(2):156–163

	26.	 Wolfe F, Ablin J, Guymer EK et al (2020) The Relation of Physi-
cal Comorbidity and Multimorbidity to Fibromyalgia, Wide-
spread Pain, and Fibromyalgia-related Variables. J Rheumatol 
47(4):624–631

	27.	 Watts NB; GLOW investigators (2014) Insights from the Global 
Longitudinal Study of Osteoporosis in Women (GLOW). Nat Rev 
Endocrinol 10(7):412–422

	28.	 Díez-Pérez A, Adachi JD, Adami S, Global Longitudinal Study 
of Osteoporosis in Women (GLOW) Investigators (2014) Risk 
factors for treatment failure with antiosteoporosis medication: the 
global longitudinal study of osteoporosis in women (GLOW). J 
Bone Miner Res 29(1):260–7

	29.	 Coco Martín MB, Leal Vega L, Blázquez Cabrera JA, 
OSTEOMED Group (2022) Comorbidity and osteoporotic frac-
ture: approach through predictive modeling techniques using the 
OSTEOMED registry. Aging Clin Exp Res 34(9):1997–2004

	30.	 Sakhaee K, Maalouf NM, Kumar R et al (2011) Nephrolithiasis-
associated bone disease: pathogenesis and treatment options. Kid-
ney Int 79(4):393–403

	31.	 Lucato P, Trevisan C, Stubbs B et al (2016) Nephrolithiasis, bone 
mineral density, osteoporosis, and fractures: a systematic review 
and comparative meta-analysis. Osteoporos Int 27(11):3155–3164

	32.	 Lauderdale DS, Thisted RA, Wen M et al (2001) Bone mineral 
density and fracture among prevalent kidney stone cases in the 
Third National Health and Nutrition Examination Survey. J Bone 
Miner Res 16(10):1893–1898

	33.	 Li S, Li L, Feng A et al (2023) The role of hypertension in bone 
mineral density among males older than 50 years and postmen-
opausal females: evidence from the US National Health and 
Nutrition Examination Survey, 2005–2010. Front Public Health 
11:1142155

	34	 Cappuccio FP, Meilahn E, Zmuda JM et al (1999) High blood 
pressure and bone-mineral loss in elderly white women: a pro-
spective study. Study of Osteoporotic Fractures Research Group. 
Lancet 354(9183):971–5

	35.	 Tsuda K, Nishio I, Masuyama Y (2001) Bone mineral density 
in women with essential hypertension. Am J Hypertens 14(7 Pt 
1):704–707

	36.	 Huang Y, Ye J (2024) Association between hypertension and 
osteoporosis: a population-based cross-sectional study. BMC 
Musculoskelet Disord 25(1):434

	37.	 Chai H, Ge J, Li L et al (2021) Hypertension is associated with 
osteoporosis: a case-control study in Chinese postmenopausal 
women. BMC Musculoskelet Disord 22(1):253

	38.	 Wu HL, Yang J, Wei YC et al (2022) Analysis of the prevalence, 
risk factors, and clinical characteristics of osteoporosis in patients 
with essential hypertension. BMC Endocr Disord 22(1):165

	39.	 Alissa EM, Alnahdi WA, Alama N et al (2015) Bone mineral 
density and cardiovascular risk factors in postmenopausal women 
with coronary artery disease. Bonekey Rep 4:758

	40.	 Guan XQ, Xue YJ, Wang J et al (2018) Low bone mineral density 
is associated with global coronary atherosclerotic plaque burden 
in stable angina patients. Clin Interv Aging 13:1475–1483

	41.	 Schulz E, Arfai K, Liu X et al (2004) Aortic calcification and 
the risk of osteoporosis and fractures. J Clin Endocrinol Metab 
89(9):4246–4253

	42.	 Sennerby U, Farahmand B, Ahlbom A et al (2007) Cardiovascular 
diseases and future risk of hip fracture in women. Osteoporos Int 
18(10):1355–1362

	43.	 Sennerby U, Melhus H, Gedeborg R (2009) Cardiovascular dis-
eases and risk of hip fracture. JAMA 302(15):1666–1673

	44.	 Schini M, Bhatia P, Shreef H et al (2023) Increased fracture risk 
in Parkinson’s disease - An exploration of mechanisms and con-
sequences for fracture prediction with FRAX. Bone 168:116651

	45.	 Liu B, Ng CY, La PBD et al (2024) Osteoporosis and fracture 
risk assessment in adults with ischaemic stroke. Osteoporos Int 
35(7):1243–1247

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Effect of comorbidities and multimorbidity on bone mineral density in patients with osteoporosis
	Abstract
	Summary 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design
	Study population
	Study variables
	Statistical analysis

	Results
	Bone mineral density

	T-score
	Z-score

	Discussion
	Conclusion
	Acknowledgements 
	References


