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Abstract

Background Previous observational studies have reported an association between chronic obstructive pulmonary
disease (COPD) and osteoporosis (OP). The aim of this study is to investigate the causal relationship between COPD
and OP by two-sample Mendelian randomization (MR) analysis. The current status of cross-sectional research
between COPD and OP in the past decade was explored through bibliometrics.

Methods Single nucleotide polymorphisms (SNPs) that have been found to be strongly associated with COPD were
used as instrumental variables (IVs) in MR Analysis. The primary outcome of the study was BMD measurement at five
specific anatomical sites, namely the whole body, femoral neck, lumbar spine, forearm, and heel. These BMD measure-
ments were derived primarily from a genome-wide association study (GWAS) and summary statistics from the Inter-
national Genetic Factors Consortium for Osteoporosis (GEFOS). The main analysis method was inverse variance
weighting (IVW). Multiple sensitivity analyses were performed to assess the robustness and reliability of the current
MR Results. Further confirmatory MR Analysis between COPD and OP was applied. In bibliometrics. Publications were
extracted from the Web of Science core collection publications related to osteoporosis and sarcopenia published
between January 2014 and October 2024; Bibliometrics and visualization were performed by Microsoft Office Excel,
Citespace, and R (Bibliometrix).

Results The MR Findings suggest that there is no causal relationship between COPD and BMD at five specific
anatomical sites. The results of the primary IVW MR Analysis were generally supported by our sensitivity MR Analysis.
We performed MR Analysis for the validation of COPD and OP (IVW OR: 1.019; 95%Cl: 0.898-1.564; p=0.768) also did
not support a causal relationship between COPD and BMD. A total of 471 articles written by 1119 organizations
from 42 countries/regions by 3331 authors and published in 238 journals were identified in the bibliometric analysis.
China is the leading country in terms of the number of publications. China Medical University contributed the most
publications. The International Journal of Chronic Obstructive Pulmonary Disease has the highest publication in this
field.

Conclusions In conclusion, This MR Study found no causal relationship between COPD and OP, suggesting
that the observed associations may be due to common genetic effects or environmental confounders. The global
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research trends in this field in the past decade were summarized through bibliometric analysis, and care became
the focus of future research on the relationship between copd and OP.

Keywords Mendelian randomization, Chronic obstructive pulmonary disease, Osteoporosis, Bibliometric analysis,
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Introduction

Osteoporosis (OP) is a systemic skeletal disorder that is
characterized by a reduction in bone mass and the dete-
rioration of bone tissue’s microstructure. This condition
leads to a decrease in bone strength and an increased
susceptibility to fragility fractures [1, 2]. The diagnosis
of osteoporosis is dependent on the evaluation of bone
mineral density (BMD), which is commonly determined
through the utilization of dual-energy X-ray absorptiom-
etry. According to the Health Organization, OP is char-
acterized by a BMD value that is lower than 2.5 standard
deviations from the average BMD of young individuals
who share the same race and gender [3]. Currently, the
prevalence of OP is reported to be 18.3%, with notable
variations observed among different ethnic groups and
geographical locations [3, 4]. As the global population
continues to age, there has been a steady increase in the
prevalence of OP [5]. Numerous risk factors are associ-
ated with the development and progression of OP. These
risk factors can be categorized into non-modifiable fac-
tors, such as age, ethnicity, gender, and family history,
and modifiable factors, including smoking habits, alco-
hol abuse, weight loss, inadequate nutrient absorption,
reduced physical activity, and certain chronic diseases
[6, 7]. Therefore, it is crucial to examine the relationships
linked to BMD.

Chronic obstructive pulmonary disease (COPD) is
a prevalent and incurable, yet manageable, progres-
sive condition [8]. It is distinguished by the existence of
enduring airflow restriction, primarily resulting from
structural alterations in the trachea and chronic inflam-
mation. This condition ultimately results in a gradual
deterioration of pulmonary function, diminished exer-
cise capacity, and the emergence and advancement of
extrapulmonary complications [8]. Airflow limitation
can be commonly detected using spirometry and cat-
egorized based on the criteria established by the Global
Initiative for Chronic Obstructive Lung Disease (GOLD).
According to these criteria, airflow limitation is identi-
fied when the ratio of forced expiratory volume in one
second (FEV1) to forced vital capacity (FVC) is less than
80% of the predicted value, and when FEV1 is less than
80% of the predicted value [9, 10]. Currently, COPD is
acknowledged as the third most prevalent cause of mor-
tality worldwide, ranking behind ischemic heart disease
and stroke [8]. Recent research findings indicate that

individuals who have been diagnosed with COPD have
a significantly elevated risk of developing OP when com-
pared to the general population. This increased risk can
range from two to five times higher [11, 12]. Multiple
studies have demonstrated a correlation between these
two conditions as a result of common risk factors and the
presence of inflammatory manifestations, which are intri-
cately linked through shared pathophysiology. However,
it remains unclear whether there is a definitive answer to
this question [13-15].

Mendelian randomization (MR) is an epidemiological
method to infer causal relationships. This study mainly
uses genetic variants, especially single nucleotide poly-
morphisms (SNPs) as instrumental variables (IVs) to
assess the potential causal effect of exposure on out-
comes [16—18]. Bibliometrics refers to the study that uses
statistics to describe publication trends and highlight
relationships between published works [19]. It is helpful
for researchers to understand the progress trend and key
areas of related research, determine research direction,
and explore new research focus [20].

In this study, we aimed to examine the causal relation-
ship between COPD and OP by identifying SNPs associ-
ated with COPD and using them as IVs. The association
between COPD as exposure and OP as outcome was
assessed using confirmatory MR Analysis. Subsequently,
the literature in the intersection field of COPD and OP
from 2013 to 2024 was analyzed, and the bibliometric
method was used to understand the current trends and
topics, so as to provide a comprehensive overview for
researchers to explore and further research in this field.

Methods

Mendelian randomization

Research design

In this study, a two-sample MR method was employed
(Fig. 1),

Data sources

Exposure (Chronic obstructive pulmonary disease)

We employed a total of 82 SNPs that were identified
by Sakornsakolpat as being associated with COPD.
The research encompassed a comprehensive sample
size of 35,735 cases and 222,076 control [21]. The data
were derived from a comprehensive sample of 257,811
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this dataset [22] (supplementary Table 1).

Outcome (bone mineral density, osteoporosis)
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The accuracy of estimating causality using MR analyses is based on the following three assumptions: (1) The
mstrumental variable (IV) associate with the exposure (IV assumptionl). This assumption can be satisfied by
ensuring F statistic>10 and that SNPs are selected using genome-wide significance levels (P <35 X 10-%). (2) The
IV is mdependent of combined mfluence of all confounders (IV assumption 2). For the same population and
reference, we assess correlation of linkage disequilibrium between SNPs associated robustly with exposure and
SNPs linked to possible kmown confounders. If the correlation coefficient is higher (ie, 120.5), the
corresponding selected will be discarded. (3) The IV is mdependent of the outcome given the exposure and
confounders (IV assumption 3), Horizontal pleiotropy. that IVs mfluence the outcome through altemnative
pathways other than the exposure could violate this assumption. It can be checked busmg MR-Egger regression
Fig. 1 Directed acyclic graphs for the classical Mendelian randomixation designs
individuals, encompassing 25 meta-analyses of GWAS. Table 1 BMD GWAS data summary information
In addition, prior studies have performed MR analysis on GWASID  Year Trait Consortium/ Sample Number
Author size of SNPs
ebi-a- 2018 Totalbody GWASmeta- 56284 16162733
. . GCST00 BMD analysis
The outcome data used included total body bone min- 5348
eral density (TB-BMD), lumbar spine bone mineral jey-a-982 2015 Lumba GEFOS 28498 10582867
density (LS-BMD), femoral neck bone mineral density spine BMD
(FN-BMD), heel bone mineral density (Heel BMD), and  ieu-a-980 2015 Femoral GEFOS 32735 10586900
forearm bone mineral density (FA-BMD). The validation neck BMD
outcome data indicated osteoporosis. All the above data ~ 1€V2977 2015 E‘KAreDarm GEFOS 8143 9955366
were collected from the statistical data of GE.FOS (http:// 2019 Heel BMD  GEFOS 426824 13 705 641
www.gefos.org/) and IEU Open GWAS. Ethical approval  gcstoo
and informed consent were obtained. The writing pro- 6979
cess followed the requirements of STROBE-MR, the finn-b- 2021 Osteopo-  Finn Gen 212778 16380452
reporting standard for MR research. Details of the data g;éﬁ%?g rosts

are shown in Table 1.

Selection of instrumental variables (IVs)

In this study, SNPs meeting the following criteria were
selected as IV [16-18]. (1) SNPS highly associated with
COPD (p<5x 107%). (2) To avoid linkage disequilibrium
(LD) caused by SNPs associated with COPD, LD must
meet 7*<0.001 and kb=10,000. (3) To ensure a strong

relationship between IV and COPD, we chose an F statis-
tic> 10 to avoid bias caused by a weak IV. F statistic=(p/
SE)? [23]. And to test the second MR hypothesis that
genetic variants are independent of potential confound-
ers, we conducted a search in the PhenoScanner database
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[24, 25]. To exclude IV that are associated with known
confounders such as sex, lifestyle, advanced age, steroid
therapy, low body mass index (BMI), hormonal imbal-
ance, and certain chronic diseases.

Mendelian randomization analysis

In this two-sample MR Design, we employed several
methods to investigate the causal association between
genetic variants related to COPD and BMD. These
methods included the inverse variance weighting (IVW)
method, weighted median (WM) method, simple median
(SM) method, weighted median estimator (WME), and
MR-Egger regression [26—28]. Among the various meth-
ods employed, the inverse variance weighting (IVW)
method served as the main method to calculate odds
ratios (OR). The outcome estimate was represented
by the slope of the weighted regression of the outcome
effect on the exposure effect, with an intercept restricted
to zero. Furthermore, the robustness of the primary out-
come was assessed using four additional methods.

Sensitivity analysis

We adopted a distinct methodology to mitigate poten-
tial confounding factors, thereby ensuring that the inde-
pendent IV remained unaffected by outcomes other than
the exposure. Firstly, the researchers utilized the Pleiot-
ropy Residual Sum and Outlier (MR-PRESSO) method
to examine and adjust for any outliers related to hori-
zontal pleiotropy. Additionally, any outliers detected in
the instrumental variable (IV) were eliminated [26]. We
employed MR-Egger regression as a statistical method
to elucidate the presence of horizontal pleiotropy. When
the P value of the intercept exceeds 0.05, it indicates the
absence of horizontal pleiotropy [29]. Horizontal pleiot-
ropy was assessed through the utilization of a funnel plot.
If the funnel plot exhibits a symmetrical shape, it typi-
cally indicates the absence of apparent pleiotropy.

The heterogeneity of individual estimates of genetic
variation was evaluated through the application of
Cochran’s Q test. If the p-value of Cochran’s Q test
is>0.05, it indicates that there is no statistically signifi-
cant heterogeneity among SNPs. In this case, both the
random effect model and fixed effect model can be uti-
lized, as the results obtained from these two methods
are comparable [30]. The p-value of Cochran’s Q test
was found to be less than 0.05, suggesting the presence
of heterogeneity among SNPs. Therefore, it is necessary
to conduct MR analysis using the random effects model.
Therefore, the random effects model with inverse vari-
ance weighting method was employed for MR Analysis
in this study [31, 32]. The leave-one-out sensitivity test is
employed to assess the impact of removing specific SNPs
on the overall results, thereby determining if there are

Page 4 of 11

any significant changes. If individual SNPs are system-
atically removed, the results consistently demonstrate a
relatively stable pattern, suggesting that the overall range
of error in the data remains small even after the removal
of any single SNP. Specifically, a stepwise approach was
employed to remove each SNP one by one. Subsequently,
the meta-effects of the remaining SNPs were computed.
The individual influence of each SNP was assessed sep-
arately using IVW analysis and visually represented
through a forest plot.

Analysis software

All statistical analyses were conducted using R Studio
(version 4.3.1), two-sample MR (version 0.5.7), and MR-
PRESSO (version 1.0) software packages [18]. Results are
reported in the form of odds ratios (ORs) accompanied
by 95% confidence intervals (95% CI). Statistical signifi-
cance was determined at a p-value of less than 0.05.

Bibliometric analysis

Data source and retrieval strategy

The data we collected came from the Science Citation
Index Expanded (SCI-EXPANDED) and Social Science
Citation Index (SSCI) of the core database of Web of Sci-
ence. The database is currently the most commonly used
database for scientometrics analysis, providing a variety
of authoritative and high-impact academic journals, and
is an important source of global authoritative academic
information [33].

We searched and downloaded all literature identi-
fied from WoSCC’s SCI-Expanded from January 1, 2014
to 2024-09-30. The specific retrieval methods were
TS =(osteoporosis OR osteopenia OR osteoporotic OR
bone loss OR low bone mass OR low bone density) AND
TS=(chronic obstructive pulmonary disease OR COPD
OR chronic airflow obstruction OR chronic obstruc-
tive lung disease), The following documents types were
excluded abstracts, editorial materials, proceedings
papers, corrections, letters, book chapters, published
online.and news, meeting.

Data analysis and visualization

After the screening and extraction steps, the final num-
ber of included articles was 471. CiteSpace [34], Excel
and Bibliometrix [35] were used for data analysis and vis-
ualization.Bibliometric data include year of publication,
title, author name, nationality, unit, abstract, keyword,
journal name.

Result

Genetic tools for COPD

SNPs (P <5x107%) and linkage disequilibrium parameters
(r*<0.001, kb=10,000) were considered in the analysis.
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The F value of each SNP was calculated to be greater than
10, effectively mitigating the potential influence of weak
IV on MR Analysis [36]. The analysis was conducted on
the remaining 59 SNPs (Supplementary Table 2).

Causal relationship between COPD and BMD

BMD results, including TB-BMD, LS-BMD, EN-BMD,
Heel-BMD, and FA-BMD, were obtained from GWAS
data. To mitigate potential confounding factors, any
missing and proxy SNPs were excluded from the analysis.
Additionally, the exposure and outcome datasets were
merged, and any palindromic sequence SNPs that were
detected were subsequently eliminated. The PhenoScan-
ner database was employed to eliminate SNPs that may
be influenced by confounding factors associated with
osteoporosis. Additionally, MR-PRESSO was utilized to
identify and exclude any potential outliers. A total of 45
phenotypes were identified as having a potential causal
relationship with whole body BMD, while 39 phenotypes
were found to have a potential causal relationship with
lumbar spine BMD. Additionally, 39 phenotypes were
identified as having a potential causal relationship with
femoral neck BMD, and 43 phenotypes were found to
have a potential causal relationship with forearm BMD.
There are 35 phenotypes that exhibit potential causal
relationships with heel BMD (Supplementary Table 3-8)
(Fig. 2).

Our MR Study did not identify any conclusive evi-
dence of a causal relationship between COPD and BMD
at the five sites (Table 2). TB-BMD (OR=0.988, 95%CI:
0.958-1.019, P=0.464), LS-BMD(OR=0.997, 95%ClI:
0.948-1.049, P=0.928), EN-BMD(OR=1.009, 95%ClI:
0.958-1.049, P=0.928), TB-BMD (OR=0.988, 95%CI:
0.958-1.019, P=0.464) 0.973-1.046, P=0.603), Heel
BMD(OR=1.01, 95%CIL: 0.996-1.023, P=0.131), FA-
BMD(OR=0.959, 95%CI: 0.891-1.032, P=0.264).

We further confirmed our findings using weighted
median, weighted mode, and simple mode MR (Table 2).
MR-Egger causal estimation yielded similar results, with
a wider CI for MR-Egger than for IVW, consistent with
the lower statistical power of this test. The P values of the
intercept in the corresponding MR-Egger regression were
all higher than 0.05, indicating that there was no evidence
of pleiotropy (Table 2). The MR-PRESSO test identified a
total of 10 abnormal SNPs that were associated with the
outcome of Heel BMD. These SNPs include rs11655567,

rs117261012, rs13140176, rs1529672, rs2442776,
rs34727469, 1562065216, rs11655567, 1s117261012,
rs13140176,  rs1529672,  rs2442776,  rs34727469,

rs62065216, rs798565, rs803923, and rs9399401. After
excluding outliers, repeated MR Analysis again showed
no evidence of causal relationship between genetically
determined COPD and Heel BMD (Table 2).
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In addition, a leave-one-out analysis was conducted
on the BMD results at each of the five sites. None of the
SNPs exhibited a statistically significant influence on the
overall causal estimates (Supplementary Figs. 1-5). To
enhance the comprehensiveness of the aforementioned
findings, a thorough investigation of horizontal pleiot-
ropy and heterogeneity was carried out by employing
funnel plots and scatter plots. The funnel plots exhib-
ited a symmetrical distribution of causal effects, without
any apparent bias observed (Supplementary Figs. 6-10).
Scatter plots provided additional evidence to support the
lack of a causal association between COPD and BMD
at the five specified anatomical sites (Supplementary
Figs. 11-15).

Causal relationship between COPD and OP

To enhance the robustness of the results, a confirma-
tory analysis was performed on a two-sample MR
Between COPD and OP. We have successfully identified
43 SNPs that exhibit a potential causal association with
OP (Fig. 2). The results from the MR analysis did not
indicate any causal relationship between the two vari-
ables (Table 3). IVW OR: 1.019; 95%CI: 0.898-1.564;
p=0.768). The stability of the results was demonstrated
by the remaining four methods. We generated a scat-
ter plot to examine the impact of each SNP individually
exposed on the outcome SNP. In the plot, the colored
lines corresponded to different statistical methods. Nota-
bly, all five MR methods yielded consistent results. Our
analysis revealed that there was no observed effect of
increasing COPD on OP (Fig. 3(D).

We employed a single SNP analysis approach to assess
the impact of each SNP that is linked to COPD on OP,
(Fig. 3.Q). SNP rs72673419 may be considered an out-
lier due to its significant impact on both COPD and OP.
Despite the omission of this SNP from the analysis, the
findings remained consistent. (Supplementary Fig. 16).
The distribution of causal effects depicted in the funnel
plot exhibited a predominantly symmetric pattern, indi-
cating the absence of significant bias (Fig. 3Q)). Addition-
ally, the leave-one-out test analysis demonstrated that
none of the (SNPs had a noticeable effect on the overall
causal estimate (Fig. 3®).

Visual analysis of articles

According to the search strategy, 471 articles on the
relationship between COPD and OP were finally
obtained from 2014 to 2024. There were 373 original
studies and 87 reviews. Since 2013, the annual number
of articles published between COPD and OP was main-
tained between 30 and 60. As shown in the Fig. 4, the
number of publications between copd and osteoporosis
remained stable over the last decade.



Yang et al. Hereditas (2025) 162:14

Page 6 of 11

All single-nucleotide
polvmorphisms (SNPs)

Unique autosomal biallelic SNPs with P-

values < 5x10°° were selected v

82 SNPs

9 SNPs were exclude due to linkage
A4

disequilibrium
= 73 SNPs
No SNP was excluded due to
F-statistics=>10
73 SNPs

14 SNPs were excluded due to pleiotropic

effects found in phenoscanner

59 SNPs

TB-BMD LS-BMD ’

Heel-BMD

| FA-BMD OP

v v l

Unavailable SNPs in
Outcome datasets l

l L

45 SNPs 39 SNPs 39 SNPs

35 SNPs 43 SNPs 43SNPs

Fig. 2 The flowchart of instrumental variables selesction. BMD, bone mineral density; TB, Total body; LS, Lumbar spine; FN, Femoral neck; FA; OP,
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Visual analysis of countries and institutions

One thousand one hundred ninety academic institutions
from 42 countries have published papers on the relation-
ship between COPD and OP in the field of research.As
can be seen from the Fig. 4@, China has published the
most papers in this field, with 96 publications, accounting
for 20.4% of the total, followed by the United States (65
publications, 13.8%), and Japan (30 publications, 6.4%).
Other countries have fewer than 30 publications.

Figure 4@ shows the global distribution of all COPD
and OP publications from 2014 to 2024, with more pub-
lications represented in dark blue, and we can see that
more publications are concentrated in North America,
Western Europe, and East Asia.The institutions that pub-
lished the most papers were China Medical University
(35,7.4%), followed by the affiliated hospitals of China
Medical University. Obviously, the top two institutions
were both in China. From Table 2, we can see that half of
the top ten institutions in the field of global output are in
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Table 2 Two-sample MR results of COPD on Osteoprosis
BMD(outcome)
TB-BMD LS-BMD FN-BMD Heel BMD FA-BMD
No.SNPs used 45 39 39 35 43
VW OR 0.988 0.997 1.009 1.01 0.959
95%Cl 0.958-1.019 0.948-1.049 0.973-1.046 0.996-1.023 0.891-1.032
Pvalue 0464 0.928 0.603 0.131 0.264
Weighted median OR 0.997 0.997 1.035 1.011 0.963
95%Cl 0.957-1.038 0.937-1.062 0.981-1.091 0.995-1.027 0.869-1.066
Pvalue 0.893 0.946 0.203 0.148 0471
Weighted mode OR 0.979 0.997 1.052 1.015 1.057
95%Cl 0.906-1.059 0.88-1.13 0.946-1.171 0.984-1.047 0.85-1.315
Pvalue 0611 0.971 0.352 0.346 0.616
MR Egger OR 0.97 0.958 0.981 1.029 0974
95%Cl 0.836-1.126 0.752-1.219 0.824-1.167 0.965-1.098 0.684-1.387
Pvalue 0.698 0.729 0.834 0.382 0.887
Simple mode OR 0.988 1.051 1.058 1.015 1.054
95%Cl 0.91-1.073 0.919-1.202 0.952-1.175 0.98-1.051 0.839-1.324
Pvalue 0.784 0.466 0.297 0.393 0.652

Table 3 Two-sample MR results of COPD on Osteoprosis

No. SNPs used 44

VW OR per SD (95%Cl) 1.019 (0.898-1.564)
P value 0.768
Q_p-value 0.247

Weighted Median

OR per SD (95%Cl)
P value

1.083 (0.915-1.281)
0.35

Weighted mode OR per SD (95%Cl) 1.174 (0.877-1.571)
Pvalue 0.285

MR-Egger OR per SD (95%Cl) 1.285(0.714-2.311)
P value 0406

Simple mode OR per SD (95%Cl) 1.105 (0.793-1.54)
Pvalue 0.556

China, and the rest are in three developed countries, the
United States, the United Kingdom and Japan. Figure 4@
shows the distribution of cooperation between different
countries, and the width of the connection between two
countries indicates the strength of cooperation. It can be
seen from the Fig. 4@ that the countries with the most
publications have the closest cooperation, such as the
United States, China, and the United Kingdom.

Visual analysis of authors, journals and keywords

A total of 3331 authors participated in the study of the
association between COPD and OP. Among them Wout-
ers emiel (N=7), Regan Elizabeth (N=6) and Vogelmeier
Claus (N=6) published the most papers.

The above articles have been published in 238 jour-
nals. According to Bradford’s Law, 14 journals are iden-
tified as core journals, of which the most published is
the International Journal of Chronic Obstructive Pul-
monary Disease, with 18 journals publishing at least five
articles (Fig. 4®). 1114 author keywords were extracted
from 471 articles. Chronic obstructive pulmonary dis-
ease, copd and osteoporosis had the highest incidence
at 101,86 and 125, respectively. In addition, we applied
CiteSpace’s burst detection algorithm to display the top
18 keywords with the highest burst intensity, as shown
in Fig. 4®. Finally, we constructed a three-field graph to
look at the relationship between journals, authors, and
keywords (Fig. 4@), and the results are consistent with
the above analysis.

Discussion

With the increase of global aging, the incidence of
COPD and OP co-morbidity is increasing. Along with
the increase in the number of studies, it is necessary
for researchers to have a comprehensive understand-
ing of the changes in global research trends in the field.
We combined MR Methods and bibliometric analysis
to explore the potential association between COPD and
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BMD, and visualized the research hotspots between the
two in recent years.

There was no direct causal association between COPD
and BMD in the MR Study. We performed several sen-
sitivity analyses to distinguish true negative results from
those lacking validity, thereby ensuring that the study
met the three MR Assumptions. Given the use of the
methods described above to demonstrate the consistency
of the results, we have high confidence in the accuracy of
the results obtained from the MR Analysis. To determine
the robustness of our findings, we used a large dataset of
osteoporosis information from the FinnGen Consortium
to confirm our results, thus increasing the credibility of
the study.

However, some previous studies have demonstrated a
correlation between COPD and BMD, which is in stark
contrast to our findings [15, 37-39]. The most compel-
ling study in this field is the comprehensive systematic
review and meta-analysis conducted by Ahmad Naoras
Bitar et al. [15]. The study provides evidence for a posi-
tive association between COPD and decreased bone min-
eral density. However, it is important to note that most of
the studies included in the meta-analysis were observa-
tional in nature. The observed association may be attrib-

utable to unmeasured confounders, such as common risk
factors for COPD and bmd, including smoking, physical
inactivity, falls, and lower educational attainment [6].
It is difficult to fully control the complex interactions
among environmental, genetic, and lifestyle factors in

observational studies, which may lead to confound-
ing bias, and the accuracy of the above results is often
questioned. The MR Method is to infer the causal rela-
tionship through the natural random allocation between
genes and diseases, which is not affected by confound-
ing factors and provides more reliable causal inference.
Although there is no causal relationship between the two,
for patients with COPD and osteoporosis, modifying the
above controllable risk factors, such as avoiding smok-
ing, moderately increasing physical activity, and avoiding
falls, can effectively alleviate the symptoms of the disease
and the complications caused by it, such as fractures, cor
pulmonale, etc.

To further verify the credibility of our findings, we
found that two randomized controlled clinical trials
[40, 41] found a possible common association between
COPD and BMD by osteoclast activation indicators such
as matrix metalloproteinase activity. A recent bioinfor-
matics study found that two similar mirnas (miR-23a-5p
and miR-194-3p) were present in the peripheral blood
of patients with COPD and OP [42]. These findings sup-
port the hypothesis that COPD and OP may share a com-
mon pathogenic molecular mechanism. However, these
results do not suggest that COPD is more likely to cause
bone mineral density loss or even osteoporosis. Taken as
a whole, these data suggest a common genetic structure
between BMD and COPD and may provide new possi-
bilities for diagnosis and treatment of patients.
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Fig. 4 Bibliometric analysis of COPD and OP

In addition, in the bibliometric study, we found that
the number of publications worldwide remained stable
in the past decade, indicating that the related research
on COPD and OP is relatively mature. In terms of
national contributions, China, the United States and
Japan played an important role in the study of the rela-
tionship between COPD and OP, accounting for nearly
2/5 of the total number of publications, and the coopera-
tion between these countries was the strongest. China
published the largest number of articles, accounting for
nearly one-fifth of the total. This shows that China is
ahead of other countries in science and technology. This
also shows that China attaches great importance to this
field and increases investment. It has superior conditions
in basic and clinical trials, professional technology and
equipment, full-time researchers and sufficient scientific
research funds, which makes it firmly occupy a leading
position in the research field.
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For the analysis of journals and keywords, we found the
18 journals with the most papers, and the International
Journal of Chronic Obstructive Pulmonary Disease had
the most papers. Through the key research, we found the
18 keywords with the highest burst intensity in the past
decade, and care was the most concerned keyword in this
research field. Currently, the focus on COPD and OP has
shifted from the intersection of the two diseases to the
point of convergence. Further research into the epidemi-
ology, diagnosis, treatment and management strategies of
both diseases is needed in the future.

The study has many advantages. First, we used MR
Methods to explore the causal relationship between BMD
and COPD for the first time, excluding potential con-
founding variables and reverse causality. Second, the con-
sistency of results from different datasets obtained from
the aggregated data of the GWAS, FinnGen and GEFOS
consortiums guarantees the validity of our conclusions.
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Finally, based on bibliometrics, we analyze the evolution
of research in this field in the past decade.

However, there are some limitations to our research.
The database for the MR Study was drawn from people
with European ancestry, so it is not obvious whether the
findings apply to communities with non-European ances-
try. Therefore, it is necessary to confirm these results in
other populations. In addition, a significant flaw in the
MR Study is the unobstructed pleiotropy, which may
affect the interpretation of the genetic predictive rela-
tionship between COPD risk and BMD. The publications
included in the bibliometrics method were all from SCI-
E, and we excluded studies not included in SCI-E and
studies not in English, which may lead to some omissions
in the study.

Conclusion

In conclusion, This MR Study found no causal relation-
ship between COPD and OP, suggesting that the observed
associations may be due to common genetic effects or
environmental confounders. The global research trends
in this field in the past decade were summarized through
bibliometric analysis, and care became the focus of future
research on the relationship between copd and OP.
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