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Abstract

Introduction Osteoporosis is a disease characterized by decreased bone mineral density and deterioration of bone
microarchitecture, which increases fracture risk. In the context of various chronic pathologies, this condition may
present an even higher prevalence, impacting morbidity, mortality, and healthcare burden.

Objective To synthesize and compare available evidence from systematic reviews on the prevalence of osteoporosis
across different chronic diseases.

Methodology An umbrella review following PRISMA guidelines was conducted, focusing on systematic reviews
(with or without meta-analysis) reporting prevalence data of osteoporosis in adults with at least one chronic disease.
Databases, including PubMed/MEDLINE, Scopus, Web of Science, and EMBASE, were searched, covering publications
between 2009 and 2023, without language restrictions. Two independent reviewers performed study selection and
data extraction, resolving discrepancies through consensus. A risk of bias assessment was conducted using the ROBIS
tool. Prevalence estimates reported in each review were analyzed, classifying diseases according to the magnitude of
the percentages found.

Results Thirteen systematic reviews were evaluated (twelve included meta-analyses). The highest prevalence of
osteoporosis was observed in patients with Chronic Obstructive Pulmonary Disease (up to 36.8%) and diabetes
mellitus (@approximately 27.7%). Other conditions, such as rheumatoid arthritis, multiple sclerosis, liver cirrhosis, and
celiac disease, showed variable prevalence but were equally relevant in clinical terms. Methodological heterogeneity,
both in diagnostic criteria and populations, was a notable factor.

Conclusions The results highlight the need for systematic assessment of bone health in patients with chronic
diseases, particularly those with a higher prevalence of osteoporosis. These findings underscore the importance of
timely screening strategies and multidisciplinary approaches to prevent fractures and optimize comprehensive care.
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Introduction

Osteoporosis is a disease characterized by decreased
bone mineral density and deterioration of bone micro-
architecture, leading to an increased risk of fractures [1].
According to the International Osteoporosis Foundation
(IOF), it is estimated that more than 200 million people
worldwide suffer from this condition, representing a sig-
nificant healthcare challenge [2]. The clinical relevance
of osteoporosis is based not only on the morbidity and
mortality associated with fractures [3, 4] but also on
their functional and socioeconomic effects, such as loss
of autonomy and increased healthcare costs [5, 6]. In the
context of chronic diseases such as rheumatoid arthritis,
diabetes mellitus, or chronic kidney disease, the impact
of osteoporosis may be even greater, justifying the rele-
vance of a comprehensive and updated synthesis address-
ing its prevalence in these scenarios [1].

In recent decades, the prevalence of osteoporosis has
shown a sustained increase, partly due to population
aging and lifestyle changes, such as reduced physical
activity and adoption of diets deficient in essential nutri-
ents [7]. Recent studies highlight the influence of risk
factors such as sedentary behavior, smoking, excessive
alcohol intake, and vitamin D deficiency, whose combi-
nation can accelerate bone mass loss, especially in people
with comorbidities [8, 9, 10]. In addition to the clinical
repercussions, such as chronic pain and increased sus-
ceptibility to fractures, this situation entails a high eco-
nomic cost for healthcare systems due to increased
hospitalizations and rehabilitation expenses [11]. Given
this panorama, it is essential to have a comprehensive
review of the literature that integrates and clarifies infor-
mation on the prevalence of osteoporosis in different
chronic diseases, facilitating clinical decision-making and
the development of evidence-based guidelines.

Despite the growing volume of research on osteoporo-
sis, relevant knowledge gaps persist, particularly regard-
ing its actual prevalence in different groups of patients
with chronic diseases [12]. While most available sys-
tematic reviews focus on risk measures, it is equally
fundamental to analyze the effective prevalence of this
condition in these populations. Knowing the specific pro-
portion of patients who have osteoporosis, and not just
those with a risk profile, offers a more immediate over-
view of the magnitude of the problem and the healthcare
resources required. Methodological heterogeneity across
studies, the use of divergent diagnostic criteria, and vari-
ability in the analyzed populations make it difficult to
compare results, generating controversies and disparate
conclusions [13].

Therefore, the main objective of this UR is to synthe-
size and compare evidence from systematic reviews
regarding the prevalence of osteoporosis in different
chronic diseases. It also aims to identify modulating fac-
tors and knowledge gaps that will allow the delineation
of future recommendations for clinical practice and sub-
sequent research. Given the importance of systematic
reviews in evidence-based decision-making, this synthe-
sis is expected to provide an integrative view of published
findings and clarify reported inconsistencies, establishing
more solid foundations for addressing osteoporosis in the
context of multiple chronic diseases.

Methodology

Study design

An UR was conducted to evaluate the prevalence of
osteoporosis across various chronic diseases, following
the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines and adhering to
the recommendations by Belbasis et al. [14].

Search strategy

The search was performed in four electronic databases:
PubMed (MEDLINE), Scopus, Web of Science (includ-
ing the SciELO catalog), and EMBASE. It followed
the Cochrane Collaboration’s suggestions on covering
sources with broad international coverage and thematic
diversity. The SciELO platform was not used in isolation,
as its records were included through Web of Science.

To define the search terms, keywords, and MeSH terms
related to osteoporosis and the chronic diseases of inter-
est, they were combined using Boolean operators (AND,
OR) to optimize the strategy’s sensitivity and specific-
ity. A search period was established from January 2000
to February 2025, including studies published in the last
decade. The complete search strategy and the text strings
used in each database are detailed in Supplementary
Material 1.

Selection criteria
Inclusion criteria

+ Study design: Only systematic reviews (with or
without meta-analysis) that aimed to provide
prevalence data of osteoporosis.

« Population: Adult populations with at least one
chronic disease.

+ Chronic diseases: No a priori restrictions were
placed on which chronic diseases would be included;
our approach was deliberately comprehensive,
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seeking to identify systematic reviews across

the entire spectrum of chronic conditions from
all medical specialties (including rheumatology,
pulmonology, gastroenterology, endocrinology,
nephrology, neurology, cardiology, and others).

+ Diagnostic criteria for osteoporosis: Reviews that
employed diagnostic definitions by international
guidelines (e.g., T-score < -2.5 in bone densitometry).

« Study types in reviews: Reviews based on
observational studies (cross-sectional, cohort, or
case-control) and those that included clinical trials if
the prevalence of osteoporosis constituted a reported
variable.

+ Review selection: In cases where multiple reviews
on the same topic were identified, the most recent
one was selected after verifying that it included the
primary studies from earlier reviews.

+ Language: No restrictions if studies met the
established methodological criterio.

Exclusion criteria

«+ Study design: Works that did not meet the definition
of a systematic review (e.g., narrative reviews,
scoping reviews, bibliometric reviews, or meta-
analyses of studies not oriented toward prevalence).

+ DPopulation: Reviews focused exclusively on pediatric
populations.

« Diagnostic criteria: Studies using diagnostic criteria
other than bone densitometry (e.g., self-reports of
osteoporosis without clinical verification).

+ Publication types: Letters to the editor, clinical cases,
clinical practice guidelines, or articles that did not
provide specific prevalence data.

+ Redundancy: Duplicate reviews or updates that did
not offer new information compared to previous
versions.

Article selection process

After applying the search strategy in the selected data-
bases, all retrieved records were imported into Rayyan
software for organization and duplicate control. Once
redundant records were eliminated, two indepen-
dent reviewers (VJVP and JBC) evaluated the titles and
abstracts of the identified systematic reviews, follow-
ing the methodology recommended for URs. This peer
review was conducted in a blinded and parallel man-
ner to minimize the influence of personal biases. LEVR
and LAMVS served as additional reviewers to verify the
screening process by reviewing a random 20% sample
of the initial records. Subsequently, the full text of those
documents that preliminarily met the inclusion criteria
was read by the same two primary reviewers (VJVP and
JBC) to confirm or rule out their eligibility.

Page 3 of 13

Any discrepancy between the two primary review-
ers regarding the inclusion or exclusion of a study was
resolved by consensus through detailed discussion. In
cases where disagreements persisted (approximately 8%
of the evaluated studies), a third reviewer (FEZM) inde-
pendently assessed the disputed articles and provided a
decisive opinion. For particularly complex methodologi-
cal questions, SMC served as an additional consultant
due to her expertise in research methodology. This pro-
cess ensured the independence and objectivity of the
selection while allowing for the systematic and exhaus-
tive identification of reviews that provided data on the
prevalence of osteoporosis in populations with chronic
diseases. All selection steps, from importing to Rayyan
to the critical reading of full texts, were rigorously docu-
mented by JALC to ensure the reproducibility and trans-
parency of the process.

Data extraction process

Data extraction was done using a Microsoft Excel spread-
sheet to capture relevant information from each system-
atic review included in this UR. Two reviewers worked
independently to extract the data: team one (VJVP,
LAMYVS, and JALC) and team two (JBC, LEVR, and
FEZM). A previous training session led by VJVP and RTL
was held to ensure consistency and accuracy where fields
and coding criteria were clearly defined and calibrated
across both teams. The extraction sheet was designed
by JALC and contained both numerical and qualitative
fields, allowing for detailed categorization of key param-
eters and ensuring the reproducibility of results.

Data collected included the review’s first author, year
of publication, number of primary studies included, total
sample size analyzed, countries or geographic regions
covered, population characteristics, type of study (cross-
sectional, cohort, etc.), and the specific chronic disease
evaluated. Additionally, how chronic disease and osteo-
porosis were defined and diagnosed in each review was
recorded to assess the homogeneity of methods and the
relevance of subsequent quantitative synthesis. When
disagreements arose between the two extraction teams
(found in approximately 15% of extracted data points),
these were initially discussed between team represen-
tatives (VJVP and JBC). For unresolved discrepancies,
a third arbitration team consisting of SMC, RTL, and
CIGC evaluated the conflicting extractions and made the
final determination based on consensus after reviewing
the original source documents. This rigorous extraction
approach allowed for a complete and homogeneous data-
base to carry out the final analysis of the evidence.

Risk of bias assessment
The risk of bias assessment of the included system-
atic reviews was conducted using the Risk of Bias in
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Systematic Reviews (ROBIS) tool. Two independent
reviewers (LAMVS and FEZM) applied this instrument
in parallel, following the four main domains proposed
by ROBIS: (1) eligibility criteria of primary studies, (2)
methods of searching and identifying evidence, (3) data
extraction and synthesis procedures, and (4) results and
interpretation of findings. Each domain was rated based
on concordance with established methodological stan-
dards, allowing for a final classification of risk of bias
(high, low, or uncertain). Before beginning the formal
assessment, a training session and pilot test were con-
ducted with small reviews by SMC and CIGC to stan-
dardize the instrument’s application and resolve doubts
about its use.

Discrepancies between evaluators were discussed in
consensus meetings facilitated by JBC; if an agreement
could not be reached (which occurred in approximately
12% of assessed reviews), a third reviewer (RTL, SMC, or
CIGC, depending on the specific chronic disease being
evaluated) with experience in systematic review meth-
odology intervened to provide the definitive assessment.
This process ensured the objectivity and reliability of the
risk of bias assessment, as it reduced the possibility of
biased individual judgments and promoted transparency
in the final classification. The results of the ROBIS appli-
cation were subsequently used to determine the robust-
ness of the overall findings in the meta-analysis and to
guide the interpretation of the final results of this UR.
VJVP and JALC conducted the final integration of the
risk of bias assessments into the analytical framework of
the UR.

Data analysis

The global prevalence estimates and their confidence
intervals reported in the meta-analyses of each included
systematic review were used as the starting point for
data analysis; consequently, no new independent meta-
analysis was performed. When more than one meta-
analysis was available for the same chronic disease, we
first assessed methodological coherence (population,
diagnostic criteria, study quality, and statistical synthe-
sis methods) to confirm comparability and then retained
the most representative pooled estimate. This procedure
ensured that data extracted from different reviews were
integrated without duplications or inconsistencies, while
preserving the reliability of the original calculations.

To verify that prevalence figures were not artificially
influenced by the repeated use of identical primary stud-
ies, we quantified overlap across the 13 reviews. A 13x 13
cross-tabulation matrix of primary-study inclusions was
constructed. The corrected covered area (CCA) was cal-
culated using CCA = (N-r)/(r c—r), where N is the num-
ber of study inclusions (416), r the number of unique
primary studies (411), and ¢ the number of reviews (13).
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The resulting CCA of 0.10% falls within the “light over-
lap” category (<5%), indicating that the evidence bases
of the reviews are largely independent; the few duplica-
tions detected were restricted to rheumatology-focused
reviews.

After confirming minimal redundancy, prevalence esti-
mates for each chronic disease were classified into four
predefined ranges (very low, low, moderate, high) accord-
ing to the percentage of affected individuals. These cat-
egories, together with their confidence intervals, were
displayed graphically to facilitate visual comparison
across conditions. This approach provides a clear over-
all picture of disease burden, highlights chronic diseases
most strongly associated with osteoporosis, and helps to
prioritise future research and clinical strategies.

Results

Article selection

In total, 1597 references were identified from the search
in Scopus (398), EMBASE (369), PubMed (488), and Web
of Science (342). After removing 549 duplicates, 1048
records remained for title and abstract review, of which
400 were excluded for not meeting the inclusion crite-
ria (25 were not systematic reviews, 397 did not address
populations with chronic disease or included pediatric
populations, 536 did not report specific data on osteo-
porosis prevalence, and 42 applied inadequate diagnos-
tic criteria). Subsequently, 48 potentially eligible articles
were evaluated in full text, discarding 36 for presenting
insufficient or nonspecific prevalence data (n = 14), inade-
quate methodology for a systematic review (n=9), dupli-
cation or update without additional information (n=7),
or employing diagnostic criteria incompatible with inter-
national guidelines (#=6). Finally, 13 systematic reviews
(12 had meta-analyses) met the requirements for inclu-
sion in the qualitative synthesis [15-27] (Fig. 1).

Characteristics of selected studies

The thirteen selected systematic reviews were pub-
lished between 2010 and 2023, with a notable increase
from 2019 onward, during which ten of the included
reviews were published [17-27] (Table 1). These reviews
encompassed primary studies from various geographi-
cal regions, including North America, South America,
Europe, Asia, Africa, and Oceania. No specific predomi-
nance of a particular area was observed. All reviews were
published in English, and most studies were incorporated
without original language restrictions.

The reviews evaluated 416 primary studies, varying
between 5 and 153 studies per review. The total popula-
tion analyzed reached 372,102 participants, with indi-
vidual sample sizes ranging from 563 to 227,812 subjects
per review. Although the degree of overlap of primary
studies between reviews was not explicitly detailed,
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Fig. 1 Flowchart of study selection

these covered different clinical settings and diverse
methodologies.

Regarding population characteristics, the reviews pri-
marily focused on adults, with broad age ranges, from
young adults (mean age around 28 years in cystic fibro-
sis) (15) to older adults, with a mean age of 67.8 years
in patients with chronic obstructive pulmonary Disease
(COPD) [17]. The sex distribution was varied, with male
predominance reported in patients with COPD (69%
men) [17] and axial spondyloarthritis (axSpA) (57-85%
men) [16]. In comparison, conditions such as systemic
sclerosis (SSc) had a clear female predominance (90.6%)
[23]. The clinical contexts where these studies were
conducted were mainly hospital and specialized set-
tings, without systematic primary or community care
specifications.

The chronic conditions evaluated included LR [24],
rheumatoid arthritis (RA) [21], multiple sclerosis (MS)
[22], COPD [17], celiac disease (CD) [18], type 2 diabe-
tes mellitus (T2DM) [25], axSpA [16], SSc [23], chronic

N
Records identified through database
< searching: Scopus (398), Embase (369), . ] ]
2 PubMed (488), Web of Science (342) Additional records identified through
% Total: n = 1597 other sources
£ (n=0)
=
v \ 4
Records after duplicates removed
—
(n=1048)
o0
£
§ v Records excluded
E (n=1000)
Records screened Not systematic reviews (n = 25)
(n=1048) Non-relevant population (no chronic
disease or pediatric population) (n = 397)
No data on osteoporosis prevalence
G reported (n = 536)
Inadequate diagnostic criteria (n = 42)
2
] Full-text articles assessed for .
R o Full-text articles excluded
= eligibility »
. (n = 48) (n=36)
Insufficient or nonspecific prevalence data
(n=14)
— Inadequate methodology for a systematic
— . review (n = 9) N
Duplicates or updates without additional
information (n = 7)
- Diagnostic criteria inconsistent with
3 v . . s _
2 international guidelines (n = 6)
5 Studies included in
= qualitative synthesis
(n=12)
S

pancreatitis (CP) [26], Systemic Lupus Erythematosus
(SLE) [19], cystic fibrosis (CF) [15], inflammatory bowel
disease (IBD) [20], and chronic kidney disease (CKD)
[27]. The diagnostic criteria for these pathologies were
varied, ranging from clinical and biochemical criteria to
specific diagnostic criteria from international scientific
societies.

Regarding osteoporosis, all reviews defined this condi-
tion using bone densitometry (DXA or DEXA), mainly
applying the World Health Organization (WHO) crite-
rion of T-score < —2.5. Some studies additionally used
the Z-score < -2 criterion in specific younger popula-
tions or with particular genetic conditions such as cys-
tic fibrosis. The reviews did not address other secondary
clinical outcomes, such as fractures or additional com-
plications, limiting themselves exclusively to reporting
the prevalence of osteoporosis by the chronic condition
analyzed.
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Table 1 (continued)

Osteoporosis
assessment

Chronic disease
assessment

Type of study Chronic disease

Population studied

Sample Countries evaluated

Number

First

of primary size
studies

author
and

year
Liu

Bone densitome-

Diagnosis based on clinical

System- Diabetes Mellitus

Patients with Type 2 Diabetes

Japan, Brazil, Malaysia, Iran, Saudi Arabia,
China, United States, Spain, Germany

11,603

21

try (DXA), T-score

criteria and laboratory tests

atic review and
meta-analysis

Mellitus, mean age not specified

(2023)

-2.5
DXA (Dual X-ray

<=

Clinical, radiological,

Chronic Pancreatitis

(CP)

Patients with chronic pancreatitis ~ System-

United States, India, China, Argen-

20,155

21

Chhoda
(2023)

Absorptiometry),
T-score <-2.5

endoscopic, histological,

ICD-9/10 codes

atic review and
meta-analysis

tina, United Kingdom, Ireland, Germany,

Denmark, Netherlands, Czech Repubilic,

Norway, Sweden, Italy

(2025) 9:66

etry (DXA) with

WHO criterion:
T-score <-2.5
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Risk of bias analysis

The risk of bias assessment of the systematic reviews ana-
lyzed using the ROBIS tool showed that most reviewed
studies presented a low risk in eligibility criteria, study
identification and selection, and data extraction and
evaluation. This suggests that all reviewed articles’ basic
methodological processes for conducting systematic
reviews were rigorous and adequate (Table 2).

However, eight studies showed significant concerns
in synthesizing and interpreting findings. These articles
include those by Ganji et al. (2019) [18], Kérnsund et al.
(2020) [20], Moshayedi et al. (2022) [21], Azadvari et al.
(2022) [22], Kang et al. (2023) [24], Liu et al. (2023) [25],
Chhoda et al. (2023) [26] and Duarte et al. (2023) [27].
The main reasons for these concerns were high heteroge-
neity among included studies, limited sample sizes, and
variability in methodologies and populations studied,
which affected the practical and clinical interpretation of
the results. Consequently, these systematic reviews were
rated with a high risk of bias.

The distribution of risk of bias among the chronic dis-
eases studied shows that reviews on COPD [17], SLE [19],
SSc [23], axSpA [16], and CF [15] presented a low risk,
while reviews on T2DM [25], RA [21], MS [22], LC [24],
CD [18], IBD [20], CP [26], and CKD [27] were classi-
fied as high risk. It is important to highlight that, despite
these methodological limitations, these reviews represent
the best evidence currently available on the prevalence of
osteoporosis in these conditions, and their results remain
valuable for understanding the magnitude of the problem
in the context of various chronic diseases.

Prevalence of osteoporosis according to chronic disease
Figure 2 shows the prevalence of osteoporosis in twelve
chronic diseases, categorized into three levels of preva-
lence. Of the 13 systematic reviews included, 12 con-
tained meta-analyses from which this data could be
extracted. COPD stands out with the highest prevalence
(37.6%, 95% CI: 34.0-43.0) [17], being the only disease
classified as high prevalence (>30%). In the moderate
range (20-29.9%) are: T2DM (27.7%, 95% CI: 21.4—34.0)
[25], RA (27.6%, 95% CI: 23.9-31.3) [21], SSc (27.0%, 95%
CI: 24.0-31.0) [23], CKD (24.5%, 95% CI: 21.3-27.8) [27],
CF (23.5%, 95% CI: 16.6-31.0) [15], CP (23.4%, 95% CL:
16.6-32.0) [26], and axSpA (22.0%, 95% CIL: 11.7-34.4)
[16]. Finally, four diseases present low prevalence: MS
(17.0%, 95% CIL: 14.0-20.0) [22], SLE (16.0%, 95% CI:
12.0-19.0) [19], LC (14.8%, 95% CI: 14.2—15.5) [24], and
CD (14.2%, 95% CI: 9.0-20.5) [18].

Overlapping of primary studies and the value of the CCA

Of the 416 primary inclusions distributed across 13 sys-
tematic reviews, only five studies were duplicated, yield-
ing a corrected covered area (CCA) of 0.10%. According



Vera-Ponce et al. BMC Rheumatology (2025) 9:66 Page 8 of 13
Table 2 Presentation of the ROBIS assessment of the 13 systematic reviews included in the umbrella review
Systematic review Phase 2 Phase 3
(First author and year) 1. Study eligibility 2. Identification and 3. Data collection and 4. Synthesis and Risk of

criteria selection of studies study appraisal findings bias

in the
review

Paccou (2010) Low Low Low Low Low
Ramirez (2017) Low Low Low Low Low
Chen (2019) Low Low Low Low Low
Ganji (2019) Low Low Low High High
Gu (2020) Low Low Low Low Low
Karnsund (2020) Low Low Low High High
Moshayedi (2022) Low Low Low High High
Azadvari (2022) Low Low Low High High
Tu (2022) Low Low Low Low Low
Kang (2023) Low Low Low High High
Liu (2023) Low Low Low High High
Chhoda (2023) Low Low Low High High
Duarte (2023) Low Low Low High High

Prevalence category . High (230%) \:| Moderate (20-29.9%) \:‘ Low (10-19.9%)

COPD

37.6% (34.0-43.0)

Diabetes Mellitus

27.7% (21.4-34.0)

Rheumatoid Arthritis

Systemic Sclerosis

Chronic Kidney Disease

11— 27.6% (23.9-31.3)
—————  27.0% (24.031.0)
————  24.5%(21.3-27.8)

Cystic Fibrosis

] | 23.5% (16.6-31.0)

23.4% (16.6-32.0)

] y

Axial Spondyloarthritis

] 1 22.0% (11.7-34.4)

Multiple Sclerosis

Systemic Lupus Erythematosus

i

Liver Cirrhosis

—_—
T

14.8% (14.2-15.5)

17.0% (14.0-20.0)
16.0% (12.0-19.0)

Celiac Disease L T

|
|
|
|
|
Chronic Pancreatitis | t
|
\
\
\
\
0

I 14.2% (9.0-20.5)

20 30 40 50
Prevalence (%)

Fig. 2 Prevalence of osteoporosis (95% confidence intervals) in twelve chronic diseases

to established thresholds this represents light overlap,
indicating that the umbrella review synthesises largely
independent evidence bases. Duplications were confined
to the rheumatology cluster—two ankylosing-spondylitis
studies that also met rheumatoid-arthritis eligibility, one
lupus study included for comparison in the rheumatoid-
arthritis review, and one systemic-sclerosis cohort anal-
ysed together with rheumatoid-arthritis. No overlap was
found between reviews addressing respiratory, gastroin-
testinal, hepatic, endocrine-metabolic or renal disorders.
Therefore, the potential inflation of summary estimates
or bias due to redundancy of primary data is minimal,
supporting the robustness of our pooled prevalence syn-
thesis across chronic-disease categories.

Discussion

Main findings

The findings of this UR show that the prevalence of
osteoporosis varies notably among the different chronic
diseases analyzed, with COPD occupying the first place
(around 36.8%) and other pathologies such as celiac dis-
ease presenting lower values (approximately 11.9%).
Likewise, conditions such as diabetes mellitus, rheuma-
toid arthritis, and systemic sclerosis exhibit prevalences
close to the moderate range, around 25-30%. These data
highlight the importance of considering systematic bone
health assessment in patients with certain comorbidities,
given that a relevant proportion could be at risk of frac-
tures and complications associated with decreased bone
mineral density.
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It is important to note that the chronic diseases repre-
sented in our final selection, including chronic obstruc-
tive pulmonary Disease (COPD), type 2 diabetes mellitus
(T2DM), rheumatoid arthritis (RA), multiple sclerosis
(MS), liver cirrhosis (LC), celiac disease (CD), among
others, reflect the available published systematic reviews
that met our inclusion criteria at the time of our search,
rather than a predetermined selection of conditions. Sev-
eral prevalent chronic diseases (such as hypertension,
coronary artery disease, and obesity) are not represented
in our results because no systematic reviews meeting our
inclusion criteria were identified for these conditions,
highlighting an important gap in the current literature.

Pathophysiology and underlying mechanisms

The relationship between chronic diseases and osteopo-
rosis is largely explained by shared pathophysiological
mechanisms, mainly low-grade chronic inflammatory
states, which promote bone resorption and alter bone
formation. Chronic diseases have a common charac-
teristic of persistent low-grade inflammation, which is
characterized by excessive production of inflammatory
mediators such as tumour necrosis factor Alpha (TNF-
a), interleukin 1 (IL-1), and interleukin 6 (IL-6) that
stimulate the differentiation and activation of osteoclasts,
accelerating bone mass loss [28, 29]. This imbalance in
bone remodeling constitutes the common pathogenic
substrate that predisposes the development of osteopo-
rosis in multiple chronic diseases.

Systemic inflammatory mediators play a central role
in this process. Proinflammatory cytokines such as IL-6
and TNF-a induce greater osteoclastic activity, promot-
ing bone resorption by activating the pathway based on
the interaction between the receptor activator of nuclear
factor kappa-B, its ligand, and osteoprotegerin (RANK/
RANKL/OPG). Additionally, chronic inflammation can
negatively affect osteoblast function, altering the balance
between bone formation and resorption [28, 29]. This
pathogenic mechanism is particularly relevant in auto-
immune and chronic inflammatory diseases, but is also
observed in various metabolic and endocrine conditions.

Autoimmune and inflammatory diseases
In autoimmune diseases such as SLE or systemic sclero-
sis, chronic inflammation and immune alterations pro-
mote significant imbalances in bone remodeling. In SLE,
various studies have found that osteoporosis is mainly
associated with activating the type I interferon path-
way and dysregulating B lymphocytes, which alter bone
metabolism [30]. In the case of SSc, additional mecha-
nisms include vasculopathy and tissue fibrosis, which
compromise bone microcirculation [31].

Meanwhile, chronic autoimmune activity in mul-
tiple sclerosis alters bone homeostasis by increasing
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proinflammatory cytokines, T cell dysregulation, and
excessive production of catabolic mediators. In this
pathology, in addition to systemic inflammation, neu-
rodegenerative factors and reduced mobility due to
spasticity, fatigue, and muscle weakness contribute to
insufficient mechanical stimulation for bone remodeling
[32]. On the other hand, in axial spondyloarthritis, local-
ized inflammation in the entheses and spine frequently
leads to changes in skeletal architecture, activating osteo-
clastogenic pathways mediated by interleukin 17 (IL-17)
and interleukin 23 (IL-23) [33].

Finally, RA represents a classic inflammatory osteo-
porosis model, combining local erosions and systemic
osteoporosis due to the high inflammatory load. Cyto-
kines such as TNF-«, IL-1, IL-6, and IL-17 promote
osteoclastogenesis through the RANK/RANKL system
while inhibiting osteoblast-mediated bone formation
[34].

Digestive, hepatic, and renal diseases

Regarding liver cirrhosis, chronic liver disease leads to
hepatic osteodystrophy, in which hormonal imbalance
and dysfunction in vitamin D metabolism constitute the
main pathogenic mechanisms. The reduction in the pro-
duction of growth factors such as IGF-1 and alterations
in hepatic hydroxylation of vitamin D compromise bone
mineralization, a phenomenon that intensifies in the
advanced stages of the disease [35].

Celiac disease generates malabsorption of calcium
and vitamin D, altering bone homeostasis. Precisely,
intestinal inflammation mediated by T lymphocytes
specific against gluten and the consequent mucosal dam-
age reduces the absorption of essential nutrients for the
maintenance and formation of bone tissue [36]. Similarly,
IBD, especially Crohn’s disease, is associated with an ele-
vated risk of osteoporosis, linked both to inflammation
mediated by IL-23/IL-17 and to prolonged use of corti-
costeroids [37].

Concerning CKD, an entire system explains the
appearance of osteoporosis, from the alteration in the
production of the active form of vitamin D (1,25-dihy-
droxyvitamin D) to the elevation of fibroblast growth
factor 23 (FGF-23), which triggers secondary hyperpara-
thyroidism that promotes bone resorption. This condi-
tion, called renal osteodystrophy, is characterized by
alterations in the quantity and quality of bone tissue, with
a higher prevalence in patients on dialysis (30%) [38].

Pancreatic and pulmonary diseases

In chronic pancreatitis, enzyme deficiency reduces the
absorption of essential nutrients such as proteins, cal-
cium, and vitamin D, accelerating bone mass loss. Per-
sistent pancreatic inflammation mediated by NF-«xB and
possible hormonal imbalances add to this; in advanced
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cases, pancreatogenic diabetes may occur, which aggra-
vates skeletal deterioration [39].

The etiology of osteopathy in cystic fibrosis is multi-
factorial: intestinal malabsorption due to exocrine pan-
creatic insufficiency causes deficiencies of vitamins D
and K and decreased calcium absorption, which leads
to secondary hyperparathyroidism; additionally, chronic
inflammation and recurrent pulmonary infections elevate
bone resorption markers, particularly during infectious
exacerbations [40]. Hormonal alterations (relative hypo-
gonadism, pubertal delay) and the direct effect of the
CFTR mutation on bone tissue have also been observed
[41]. Together, patients with CF show an imbalance with
increased resorption and reduced bone formation, result-
ing in osteopenia or osteoporosis from an early age.

COPD and diabetes: particular mechanisms of their higher
prevalence

One of the central elements of COPD is the frequent
history of smoking, which not only constitutes the main
risk factor for pulmonary disease but also accelerates
bone loss by favoring osteoclastic activity and decreas-
ing bone formation. Added to this is the systemic chronic
inflammation characteristic of COPD, with elevation of
mediators such as IL-6 or TNF-a, which promote bone
resorption [42].

Additionally, many patients present functional limita-
tions and a sedentary lifestyle due to dyspnea and fati-
gability, which reduces mechanical stimulation on the
skeleton and, consequently, bone mineral density. The
prolonged use of systemic and inhaled corticosteroids is
another factor that can accelerate osteoporosis, as cor-
ticosteroids increase the apoptosis of osteoblasts and
osteocytes and the half-life of osteoclasts. Moreover, the
population with COPD tends to be older, which adds a
risk factor since, with aging, there is a natural decline in
bone mass [42].

Regarding diabetes mellitus, prolonged hyperglycemia
plays a decisive role in damage to bone tissue through the
formation of advanced glycation end products (AGEs),
which reduce the quality of the bone matrix and its plas-
ticity, promoting microfractures and progressive dete-
rioration of the microarchitecture [43]. Additionally,
alterations in the Wnt/B-catenin pathway, fundamental
for the formation and maturation of osteoblasts, have
been documented, which can decrease the capacity for
bone regeneration [44].

Added to this are microvascular and neuropathic com-
plications inherent to diabetes, which restrict physi-
cal activity (due to neuropathic pain, ulcers, or chronic
infections), reducing the mechanical stimulus neces-
sary to maintain bone mass. Even in T2DM, which is
traditionally associated with a hyperinsulinemic profile
(which could have a certain anabolic effect on bone), the
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negative impact of hyperglycemia and AGEs seems to
predominate over time, resulting in a high prevalence of
osteoporosis and an increased risk of fractures [45].

Importance of findings for public health

The prevalence of osteoporosis identified in this UR for
different chronic diseases takes on special significance in
public health. As mentioned, providing quantitative data
on how many people already have osteoporosis beyond
those at high risk generates valuable information for
authorities and health professionals to establish resource
allocation priorities and implement prevention and early
detection programs. According to the IOEF, fractures
linked to osteoporosis constitute a significant public
health problem, generating considerable costs in terms of
hospital care and rehabilitation [2].

In many nations, health systems must face the conse-
quences of the progressive aging of the population and
the increase in chronic diseases, which multiplies the
impact of osteoporosis at a socioeconomic level. When
diseases such as COPD and T2DM show high preva-
lences of osteoporosis, it is foreseeable that the frequency
of adverse events, such as hip or spine fractures, will
increase in these patients, with the consequent need for
more complex medical and socio-family interventions
[2]. Furthermore, the fact that part of the disease burden
falls on working populations can accentuate the cost of
absenteeism and decreased productivity.

The timely detection of reduced bone mineral density
has become crucial for secondary prevention, so that this
evidence could lead to more specific clinical guidelines.
Establishing, for example, the indication for routine bone
densitometry in patients with various chronic diseases
according to their age and additional risk factors could
anticipate the diagnosis of osteoporosis and facilitate an
early approach. Such a strategy would not only reduce
the number of fractures but would also alleviate the eco-
nomic burden represented by long periods of hospitaliza-
tion and rehabilitation following osteoporotic fractures.

On the other hand, implementing multidisciplinary
interventions is essential to address the risk factors
shared by these chronic diseases and osteoporosis. Pul-
monary rehabilitation programs in COPD with a super-
vised exercise component, rigorous metabolic controls
in diabetes, or more personalized therapeutic schemes
in autoimmune pathologies could reduce bone loss. Such
initiatives require the coordination of pulmonologists,
endocrinologists, rheumatologists, physiotherapists,
and nutritionists, who must work in an integrated man-
ner to address the underlying disease and bone health
simultaneously.

Equally important is health education for patients
and the general population on the relevance of adopt-
ing healthy habits, such as reducing smoking, promoting
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physical activity, and maintaining a balanced diet rich
in calcium and vitamin D, and adherence to indicated
treatments. These practices can mitigate the progres-
sion of the underlying chronic disease and reduce the risk
of osteoporosis and associated fractures. In this sense,
awareness campaigns driven by government bodies and
medical entities could strengthen prevention, while help-
ing to optimize the allocation of available resources.

In assessing the public health implications of our find-
ings, it is important to consider some methodological
aspects of our approach. Our UR methodology synthe-
sizes prevalence data from existing systematic reviews
rather than conducting a new meta-analysis of primary
studies, aligning with the hierarchical structure of evi-
dence where systematic reviews represent the highest
level for informing health decisions and policy-making.
While this approach provides a comprehensive overview
of the current evidence landscape, we acknowledge that
our results reflect the methodological choices, inclusion
criteria, and statistical methods of the original review
authors. This is particularly relevant given the variabil-
ity in diagnostic criteria for osteoporosis across studies
(although most used the WHO T-score < -2.5 standard)
and the heterogeneity of studied populations across dif-
ferent chronic diseases.

These findings highlight the need for more systematic
reviews and meta-analyses on osteoporosis prevalence
in other significant chronic conditions not represented
in our analysis, such as hypertension, coronary artery
disease, stroke, obesity, asthma, and various neurologi-
cal disorders. From a public health perspective, stan-
dardized osteoporosis assessment methodology across
chronic diseases would facilitate more robust prevalence
comparisons and better resource allocation decisions.
Future research should also focus on specific subpopu-
lations (e.g., different age groups, disease severity levels,
or treatment regimens) within each chronic disease to
provide more granular prevalence data that could bet-
ter inform targeted screening and preventive strategies
at the population level. By providing this comprehen-
sive overview of current evidence, we hope to stimulate
more rigorous and methodologically consistent research
in this important intersection of bone health and chronic
disease management, ultimately improving public health
outcomes through better-informed policy decisions.

Strengths and limitations

One of the main strengths of this work lies in the system-
atic application of recognized methodological guidelines
and the use of the ROBIS tool for assessing the risk of
bias in systematic reviews, strengthening the rigor and
transparency of the procedures. Additionally, a broad
search was conducted in multiple high-impact databases
covering different geographical regions and disciplines,
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increasing the probability of identifying most published
reviews. Similarly, including a high number of reviews
reporting prevalences of osteoporosis in various chronic
diseases offers a panoramic and updated view of the mag-
nitude of this comorbidity, generating relevant evidence
for clinical practice and public health.

Among the notable limitations is the methodological
and clinical heterogeneity of the primary studies included
in the analyzed reviews, particularly regarding diagnos-
tic criteria for chronic disease and methods of measur-
ing bone mass. Another critical aspect is the high risk of
bias identified in eight of the thirteen included systematic
reviews, mainly in synthesizing and interpreting findings.
This largely responds to the lack of methodological stan-
dardization in the research on osteoporosis in chronic
diseases and the inherent variability in the populations
and clinical contexts studied.

Despite these methodological limitations, it is impor-
tant to contextualize that the main objective of this UR
was to provide a comprehensive synthesis of available
prevalence data, responding to a clinical and public
health need to quantify the magnitude of the osteopo-
rosis problem across different chronic diseases. In this
sense, even reviews with a higher risk of bias provide
valuable information, representing the best evidence
currently available for specific conditions. However, we
recognize that prevalence estimates derived from these
reviews should be interpreted with due caution, and it
would benefit future primary research to improve meth-
odological standardization in this field.

Finally, the disparity in the quality of primary stud-
ies may have affected the robustness of the consolidated
results, especially in those reviews with less methodolog-
ical rigor. This limitation underscores the need to con-
sider both the magnitude of the reported prevalences and
the quality of the evidence supporting them when formu-
lating clinical or health policy recommendations.

Conclusions and recommendations

Collectively, the findings of this UR demonstrate a con-
siderable prevalence of osteoporosis in various contexts
of chronic diseases, highlighting pathologies such as
COPD and diabetes mellitus. These results reinforce the
importance of timely diagnostic evaluation and compre-
hensive management of osteoporosis in clinical practice,
given the high burden of morbidity and the high health-
care costs that osteoporotic fractures pose in populations
with underlying chronic conditions.

In light of these conclusions, implementing system-
atic bone health screening strategies in patients with
chronic diseases highly prone to osteoporosis, such as
COPD, T2DM, and rheumatic pathologies, is suggested.
Likewise, it is recommended to promote future research
that delves into shared pathophysiological mechanisms,
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considering methodological aspects that address the het-
erogeneity of diagnostic criteria and disparities in the
quality of primary studies. Finally, it is essential to adopt
multidisciplinary intervention programs that combine
monitoring of bone mineral density, pharmacothera-
peutic adjustments, and education on healthy habits to
reduce the incidence of fractures and improve the quality
of life of affected individuals.
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