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Abstract
Background  Hepatic liver cirrhosis can lead to significant systemic complications, including the deterioration of 
bone health. The resulting bone complications can contribute to a decreased quality of life and increased healthcare 
burden. This study aimed to systematically review and analyze the risk of osteoporosis, fracture, and changes in bone 
mineral density (BMD) among patients with hepatic cirrhosis compared to non-cirrhotic healthy controls.

Methods  Adhering to PRISMA guidelines, studies were sourced from MEDLINE/PubMed, Scopus, Web of Science, 
and Embase up to July 2024, including observational studies that assessed osteoporosis, fracture, and BMD in cirrhotic 
versus non-cirrhotic patients. Meta-analyses were performed by calculating odds ratios (OR) and standardized 
mean differences (SMD) of outcomes. Sensitivity analyses and meta-regression were also conducted to explore the 
robustness and sources of heterogeneity.

Results  The analysis included 21 studies with 76,521 cirrhotic and 695,330 control patients. Cirrhotic patients 
demonstrated significantly higher odds of osteoporosis (OR = 1.93 [1.84 to 2.03]). Fracture was notably elevated, with 
cirrhotic patients showing an OR of 2.30 [1.66 to 3.18]. Reductions in BMD were observed in both the lumbar spine 
(SMD = -0.57[-0.79 to -0.35]) and femoral neck (SMD = -0.41 [-0.71 to -0.12]). Sensitivity analyses confirmed these 
findings, and meta-regression highlighted that male prevalence impacted these associations in various ways.

Conclusions  Patients with hepatic cirrhosis are at heightened risk for osteoporosis and fractures, underlining the 
need for proactive screening and preventive strategies. Integrating cirrhosis into current fracture-risk models could 
enhance the assessment and management of bone health in these patients.
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Introduction
Osteoporosis is characterized by bone tissue structural 
abnormalities and low bone mass (bone mineral den-
sity (BMD) T-score < − 2.5) leading to skeletal fragility 
and increased risk of fractures [1]. Osteoporosis can be 
primary, as seen in menopausal women and the elderly, 
or secondary, resulting from a variety of medical condi-
tions or medications [2]. Cirrhosis is characterized by 
fibrosis, nodule formation, and impaired function due to 
chronic injury from causes like viral infections, alcohol, 
toxins, or autoimmune conditions with global estimates 
of 10·6 million cases of decompensated and 112 million 
cases of compensated cirrhosis in 2017 [3, 4].

Hepatic cirrhosis is one of the conditions associated 
with secondary osteoporosis [5]. According to previous 
research, osteoporosis affects 15–55.6% of patients with 
hepatic cirrhosis, making it a significant health concern 
for these individuals [5–7]. Osteoporosis can lead to an 
increase in incident fractures, hospitalizations, recov-
ery time, morbidity and mortality, and healthcare costs 
[8–10]. These complications can cause a heavy burden 
on the quality of life of individuals with cirrhosis and the 
healthcare system which underscores the importance of 
understanding and addressing bone health in this popu-
lation [9].

Although cirrhosis has previously been studied and 
recognized as a condition associated with osteoporosis, 
it has yet to be identified as a specific risk factor for fra-
gility fractures and incorporated into fracture risk assess-
ment tools and calculators such as FRAX, Garvan, and 
QFracture (chronic liver disease is a component of the 
QFracture score, not cirrhosis) [5, 6, 11–14]. These short-
comings, as well as the heterogeneous data available on 
the subject, necessitate a systematic review of the existing 
literature to determine the risk of osteoporosis and fragil-
ity fractures in patients with hepatic cirrhosis. Previous 
systematic reviews on this topic have primarily focused 
on the prevalence of osteoporosis in cirrhosis patients, 
whereas our goal is to determine whether there is a rela-
tionship between cirrhosis and osteoporosis and to what 
extent [5, 6].

Materials and methods
The predetermined method used in this study is docu-
mented in the prospective register of systematic reviews 
(PROSPERO) (CRD42024532170). This meta-analysis 
was performed in accordance with the “preferred report-
ing items for systematic reviews and meta-analyses” 
(PRISMA) guidelines [15].

Search strategy and screening
Two independent researchers (A.S. and A.G.R.) per-
formed searches across the MEDLINE/PubMed, 
Scopus, Web of Science, and Embase databases. 

Additionally, a manual search was carried out using 
Google Scholar to locate relevant articles and pub-
lications related to the topic. The most recent cita-
tion search was completed in July 2024, just before 
the final analysis, using the following keyword terms: 
(“Liver cirrhosis“[Mesh] OR “Cirrhosis“[tiab] OR 
“Cirrhotic“[tiab] OR “Liver cirrhosis“[tiab] OR “Liver 
fibrosis“[tiab] OR “Hepatic fibrosis“[tiab] OR “Hepatic 
insufficiency“[tiab] OR “Liver failure“[tiab] OR “Hepatic 
cirrhosis“[tiab]) AND (“bone density“[MeSH] OR “frac-
tures, bone“[MeSH] OR “osteoporosis“[MeSH] OR 
“osteoporosis“[Title/Abstract] OR “osteoporotic“[Title/
Abstract] OR “osteoporoses“[Title/Abstract] OR “bone 
loss“[Title/Abstract] OR “fracture“[Title/Abstract] 
OR “bone demineralisation“[Title/Abstract] OR “bone 
demineralization“[Title/Abstract] OR “metabolic bone 
disease*“[Title/Abstract] OR “osteopenia“[Title/Abstract] 
OR “osteopenic“[Title/Abstract] OR “osteopaenia“[Title/
Abstract] OR “osteopaenic“[Title/Abstract] OR “bone 
density“[Title/Abstract] OR “bone deterioration“[Title/
Abstract] OR “bone mass density“[Title/Abstract] OR 
“bone mineral density“[Title/Abstract] OR “BMD“[Title/
Abstract]). The studies were assessed using the online 
tool Rayyan (https://rayyan.ai/) for systematic reviews. 
After eliminating duplicates, two independent review-
ers (Z.F.A. and F.M.E.) carefully evaluated the titles and 
abstracts of each study. The selected studies were sub-
jected to detailed review, ensuring they met the inclusion 
and exclusion criteria during full-text screening. Any dis-
agreements between the reviewers were resolved through 
consensus discussions, facilitated by the third author 
(A.H.H).

Inclusion and exclusion criteria
For inclusion in the study, studies needed to meet PICOT 
criteria: (1) Participants: Adult patients; (2) Exposure: 
Liver cirrhosis; (3) Comparison: non-cirrhotic patients; 
(4) Outcome: osteoporosis diagnosis according to ICD-9 
or ICD-10 (defined as the BMD less than 2 SD below the 
mean [16]), fracture, BMD parameters (T or Z score); 
(5) Types of studies: Observational studies. The follow-
ing exclusion standards were set: (1) No non-cirrhotic 
control group; (2) Non-original studies such as letters 
to editors, technique articles, conference abstracts, pilot 
studies, meta-analyses, literature reviews and commen-
taries, animal research, and cadaver studies; (3) Other 
types of non-liver cirrhosis such as biliary cirrhosis; (4) 
Studies that do not report on osteoporosis, BMD, or frac-
ture data.

Data extraction and quality assessment
Two researchers (F.M.E. and A.G.R.) separately entered 
information into a pre-prepared Excel sheet following the 
full-text review. The data collected included osteoporosis 
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and fracture prevalence, mean bone mineral density 
(BMD), and demographic details such as publication year, 
study design, country, sample sizes for different groups, 
mean age, BMI, and percentage of male participants. Any 
discrepancies were resolved by a third author (A.H.H.). 
According to the included studies, osteoporosis was diag-
nosed when T-score was − 2.5 or lower, and osteopenia 
was defined by a T-score between − 1.0 and − 2.5. Some 
studies used Z-score, with a score below − 2.0 suggesting 
osteoporosis diagnosis.

Two authors independently assessed the quality of 
the studies using the Joanna Briggs Institute (JBI) criti-
cal appraisal checklists [17]. The JBI critical evaluation 
checklist consists of eleven components for cohort stud-
ies and eight for cross-sectional studies. The checklist 
assesses specific research topics in order to spot potential 
biases and offers simple binary choices. If the answer was 
yes, the question received a score of 1. Responses that 
were negative, ambiguous, or irrelevant were assigned a 
score of 0 [18].

Data analyses
Data were processed using the “meta” package in R 
software. The odds ratio (OR) and corresponding 95% 
confidence intervals (CI) for categorical variables were 
calculated using the Mantel-Haenszel method. For con-
tinuous variables, Hedges’ g standardized mean differ-
ences (SMD) and their 95% CIs were used as general 
indicators. Depending on the heterogeneity, either a 
fixed-effect or random-effects model was selected to 
combine study-specific effect estimates. Statistical het-
erogeneity was assessed using the Q-test and I² statistic. 
I² values ranging from 0 to 25% indicated low heteroge-
neity, 26–50% indicated moderate heterogeneity, and 
values above 50% reflected high heterogeneity. A fixed-
effect model was applied if the P-value exceeded 0.1 and 
I² was below 50%; otherwise, a random-effects model 
was used [19]. Subgroup analysis was done based on 
the underlying etiology of cirrhosis (only viral vs. other 
types) as well as region and human development index 
(HDI) of the included studies. The HDI is a composite 
measure that assesses a country’s average achievements 
in health, education, and income. It is categorized into 
four levels based on HDI scores: very high (≥ 0.800), high 
(0.700–0.799), medium (0.550–0.699), and low human 
development (< 0.550) [20, 21]. Sensitivity analysis was 
carried out by excluding one study at a time (backward 
elimination) to assess its effect on the overall results. 
Egger’s test was used to assess potential publication bias 
[22]. A two-sided P-value below 0.05 was considered sta-
tistically significant for all analyses, except for heteroge-
neity. Meta-regression was performed to explore possible 
sources of heterogeneity, considering factors like popula-
tion age, gender distribution, and study design.

Results
Study selection
A preliminary systematic search of databases identified 
7,643 studies, with 3,638 duplicates removed. Out of 
4,005 records, 3,921 studies that were not relevant were 
removed after title/abstract screening. A full assessment 
was conducted on 84 studies, with 21 meeting the inclu-
sion criteria and being incorporated into the systematic 
review and meta-analysis [23–43] (Fig. 1).

Baseline characteristics
The studies were conducted between 1996 [23] and 2023 
[42, 43]. The study designs varied, including cross-sec-
tional [23–32, 34, 37, 38, 41], cohort [33, 35, 36, 43], and 
case-control [39, 40, 42] Countries where studies were 
conducted include Egypt [28, 30], China [37, 40], Den-
mark [33, 36], Italy [25, 26], Taiwan [23, 35, 39], Spain 
[29, 31], Serbia [34], Brazil [27], Turkey [32], Greece 
[42], Japan [24], the UK [36], India [41], Austria [38], and 
Sweden [43]. Sample sizes across the studies was 76,521 
in the cirrhotic group and 695,330 in the non-cirrhotic 
control group. The mean age of participants spanned 
from 34.8 ± 8.2 [32] to 74 [39]. The male percentage in the 
studies varied from 0% [26, 29] to 100% [34, 35, 41]. BMI 
data ranged from 22.4 ± 3.1 [37] to 31.7 ± 6.3 [29]. Table 1 
summarizes additional data such as follow-up duration 
and cirrhosis diagnosis method and criteria.

Risk of bias assessment
The quality assessment of the cross-sectional and case-
control studies (Supplementary file 1: Table S1) revealed 
varying levels of methodological bias. Many studies [26, 
31, 39, 42] demonstrated high quality, meeting all or 
nearly all criteria, particularly in areas such as the use of 
valid and reliable measurements and appropriate statisti-
cal analysis. However, several studies [23, 25, 27, 29, 30, 
32, 34] were marked down for not detailing study sub-
jects or settings and failing to identify or address con-
founding factors. Similarly, some studies [24, 28] had 
notable gaps in handling confounders and ensuring valid 
outcome measurements. For the cohort studies (Supple-
mentary file 1: Table S2), the quality was generally higher, 
with studies meeting nearly all criteria. However, some 
studies [33, 35] did not fully address confounding factors, 
which lowered their methodological quality.

Osteoporosis in cirrhotic patients vs. controls
Cirrhotic patients had higher odds of osteoporosis com-
pared to healthy subjects (OR [95%CI] = 1.93 [1.84, 2.03]; 
I2 = 39%) (Fig.  2A). Subgroup analysis based on region 
and HDI revealed the same association between osteo-
porosis and cirrhosis except for medium HDI group [41] 
which showed no association (OR [95%CI] = 1.53 [0.54, 
4.36]; I2 = N/A) (Fig.  2B). By excluding Gonzalez-Calvin 
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Fig. 1  PRISMA flow diagram
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et al. [29], the association between osteoporosis and 
cirrhosis remained, with heterogeneity reduced (OR 
[95%CI] = 1.94 [1.85, 2.04]; I2 = 26%) (Supplementary file 
1: Figure S1). Meta-regression revealed that studies with 
a higher prevalence of males (p = 0.03) (Supplementary 
file 1: Figure S2) had reduced odds of osteoporosis in cir-
rhotic patients compared to controls. Study design and 
population mean age were found not be possible sources 
of heterogeneity (p > 0.05).

Fractures in cirrhotic patients vs. controls
Patients exhibited a notably increased prevalence of frac-
tures in contrast to the control group (OR [95%CI] = 2.30 
[1.66, 3.18]; I2 = 98%) (Fig.  3). By omitting Chen et al. 
[35], there was a slight reduction observed in the meta-
analysis, with the association remaining intact (OR 
[95%CI] = 2.62 [2.02, 3.40]; I2 = 95%) (Supplementary file 
1: Figure S3). Study design, mean age, and male preva-
lence across the included studies was found not be a pos-
sible source of heterogeneity (p > 0.05).

Bone mineral density in cirrhotic patients vs. controls
Cirrhotic patients exhibited a notable decrease in BMD 
in the lumbar region in comparison to the control group 
(SMD [95%CI] = -0.57 [-0.79, -0.35]; I2 = 66%) (Fig. 4A). 
Subgroup analysis based on underlying etiology of cir-
rhosis revealed the same association in viral only (SMD 
[95%CI] = -0.49 [-0.76, -0.22]; I2 = 63.4%) and other eti-
ologies (SMD [95%CI] = -0.67 [-1.03, -0.32]; I2 = 72.5%) 
subgroups (Fig.  4B). Excluding Zheng et al. [37] from 
the lumbar BMD sensitivity analysis resulted in a reduc-
tion in heterogeneity but did not change overall outcome 
(SMD [95%CI] = -0.63 [-0.86, -0.41]; I2 = 53%) (Supple-
mentary file 1: Figure S4). The study design, average age, 
and proportion of males in the studies were not identified 
as potential causes of variation (p > 0.05).

The femoral neck BMD also showed a significant 
decrease (SMD [95%CI] = -0.41 [-0.71, -0.12]; I2 = 72%) 
in the cirrhotic group (Fig. 4C). Subgroup analysis based 
on underlying etiology of cirrhosis revealed that in the 
viral only subgroup no statistically significant difference 
in femoral neck BMD was observed between cirrhotic 
and non-cirrhotic patients (SMD [95%CI] = -0.13 [-0.55, 
0.30]; I2 = 74.5%), a finding in contrast with the other eti-
ologies subgroup (SMD [95%CI] = -0.57 [-0.88, -0.26]; 
I2 = 56.7%) (Fig.  4D). Excluding Gonzalez-Calvin et al. 
[29] did not change the correlation between femoral neck 
BMD and cirrhosis (SMD [95%CI] = -0.49 [-0.71, -0.28]; 
I2 = 46%) (Supplementary file 1: Figure S5). Meta-regres-
sion analysis showed that studies with a larger prevalence 
of male participants had increased association between 
femoral neck BMD in cirrhotic patients when compared 
to controls (p = 0.04) (Supplementary file 1: Figure S6). 
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Fig. 3  Forest plot of fractures in cirrhotic vs. non-cirrhotic patients

 

Fig. 2  (A) Forest plot of osteoporosis in cirrhotic vs. non-cirrhotic patients; (B) Subgroup analysis of osteoporosis based on region and HDI in cirrhotic 
vs. non-cirrhotic patients
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Study design and mean age had no effect according to 
meta regression (p > 0.05).

Patients had a significantly lower lumbar T-score com-
pared to controls (SMD [95%CI] = -1.75 [-3.22, -0.29]; 
I2 = 95%) (Fig. 5A). The strongest reduction in the hetero-
geneity was seen when Figueiredo et al. [27] was elimi-
nated, with the association still present (SMD [95%CI] = 
-1.02 [-1.31, -0.73]; I2 = 0%) (Supplementary file 1: Figure 
S7). Studies with a higher proportion of male partici-
pants demonstrated a lower correlation between lumbar 
T-score in cirrhotic patients and controls (p = 0.03) (Sup-
plementary file 1: Figure S8). Study design and age were 
computed to have no significant effect (p > 0.05).

The femoral neck T-score (SMD [95%CI] = -2.09 
[-4.87, 0.69]; I2 = 97%) was determined to be statistically 
similar in patients and healthy subjects (Fig. 5B). Exclud-
ing Figueiredo et al. [27] revealed an inverse relation-
ship between femoral neck T-score and cirrhosis (SMD 
[95%CI] = -0.67 [-0.95, -0.39]; I2 = 0%) (Supplementary 
file 1: Figure S9). Meta-regression showed that research 
with a larger percentage of males exhibited lower asso-
ciation of femoral neck T-score in cirrhotic vs. non-cir-
rhotic patients (p = 0.02) (Supplementary file 1: Figure 
S10). There was no significant impact found on the study 
design and age (p > 0.05).

Fig. 5  (A) Forest plot of lumbar T-score in cirrhotic vs. non-cirrhotic patients; (B) Forest plot of femoral neck T-score in cirrhotic vs. non-cirrhotic patients

 

Fig. 4  (A) Forest plot of lumbar BMD in cirrhotic vs. non-cirrhotic patients; (B) Subgroup analysis of lumbar BMD based on cirrhosis underlying etiology in 
cirrhotic vs. non-cirrhotic patients; (C) Forest plot of femoral neck BMD in cirrhotic vs. non-cirrhotic patients; (D) Subgroup analysis of femoral neck BMD 
based on cirrhosis underlying etiology in cirrhotic vs. non-cirrhotic patients
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The cirrhotic group had a significantly lower lumbar 
Z-score than the control group (SMD [95%CI] = -1.04 
[-1.97, -0.11]; I2 = 94%) (Fig. 6A). Omission of the study 
by Figueiredo et al. [27] resulted in a decrease in hetero-
geneity (SMD [95%CI] = -0.57 [-0.96, -0.19]; I2 = 75%) 
based on sensitivity analysis (Supplementary file 1: Figure 
S11). The potential causes of heterogeneity, namely study 
design, average age, and proportion of males, were not 
specified (p > 0.05).

The Z-score at the femoral neck level was similar 
in both cirrhotic and non-cirrhotic individuals (SMD 
[95%CI] = -8.97 [-25.65, 7.71]; I2 = 98%) (Fig.  6B). An 
inverse association between cirrhosis and femoral neck 
Z-score was discovered when Figueiredo et al. [27] was 
not included in the sensitivity analysis (SMD [95%CI] = 
-0.46 [-0.90, -0.03]; I2 = 79%) (Supplementary file 1: Fig-
ure S12). The study’s design, mean age, and male dis-
tribution were not pinpointed as possible sources of 
heterogeneity (p > 0.05).

Qualitative synthesis
The qualitative synthesis of bone health and fracture 
prevalence in cirrhotic versus control populations across 
several studies is summarized in Table 2. In the Ahmed 
et al.’s study [30], pre-menopausal cirrhotic patients had 
a significantly lower mean calcaneal T-score (-1.5 ± 0.2) 
compared to controls (-0.3 ± 0.2) (p < 0.001). Simi-
larly, post-menopausal cirrhotic women had a reduced 

mean calcaneal T-score (-2.7 ± 0.3) compared to con-
trols (-1.3 ± 0.2) (p < 0.05). In males, the mean calca-
neal T-score was also notably lower in cirrhotic patients 
(-1.8 ± 0.3) compared to controls (0.5 ± 0.3) (p < 0.001). 
In Katsaounis et al. [42], both lumbar spine and femoral 
bone T-scores were lower in cirrhotic patients (median 
= -1.46 and − 1.37, respectively) compared to controls 
(median = -0.40 and − 0.67), with a significant correlation 
in femoral bone T-scores (r = 0.31; p = 0.03) but not lum-
bar spine T-scores (r = 0.24; p = 0.08).

Wakolbinger et al. [38] found significantly lower total 
hip BMD, total body BMD, and radius BMD in cirrhotic 
patients compared to controls (all p < 0.05). The total 
hip T-score and Z-score were also significantly lower 
(p = 0.005 and p = 0.012, respectively). Also, Zheng et al. 
[37] observed a significant reduction in hip BMD among 
cirrhotic patients (0.88 ± 0.14  g/cm²) compared to con-
trols (0.93 ± 0.11  g/cm²) (p < 0.001). Conversely, Culafic 
et al. [34] observed no significant difference in total hip 
BMD between cirrhotic patients (1.02 ± 0.02  g/cm²) and 
controls (1.02 ± 0.02 g/cm²).

Casini et al. [26] found that total BMD was lower in cir-
rhotic patients (1.01 ± 0.02  g/cm²) compared to controls 
(1.06 ± 0.01  g/cm²) (p < 0.05). Similarly, Zhang et al. [40] 
reported lower BMD in cirrhotic patients for Ward’s tri-
angle (0.65 ± 0.10  g/cm² vs. 0.69 ± 0.09  g/cm², p = 0.006) 
and total hip BMD (0.89 ± 0.13  g/cm² vs. 0.93 ± 0.11  g/

Fig. 6  (A) Forest plot of lumbar Z-score in cirrhotic vs. non-cirrhotic patients; (B) Forest plot of femoral neck Z-score in cirrhotic vs. non-cirrhotic patients
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cm², p = 0.015), though no significant difference was 
observed for trochanter BMD.

Wester et al. [43] reported a significantly higher inci-
dence of fractures in cirrhotic patients (14.6%) compared 
to controls (18.8%), with an adjusted hazard ratio (aHR) 
of 3.8 [95% CI: 3.6–3.9] (p < 0.001). Chang et al. [39] also 

reported a higher annual incidence of hip fractures in 
cirrhotic patients (46–54 per 10,000 person-years) com-
pared to controls (7–7.5 per 10,000 person-years), with 
an incidence rate ratio of 6.95 [95% CI: 6.74–7.18].

Table 2  Summarized qualitative data synthesis
Study Cirrhotic Control Association P-value
Ahmed, 2010 [30] 
(Pre-menopausal)

Calcaneal T-score, mean ± SE = -1.5 ± 0.2 Calcaneal T-score, mean ± SE = -0.3 ± 0.2 N/A < 0.001

Ahmed, 2010 [30] 
(Post-menopausal)

Calcaneal T-score, mean ± SE = -2.7 ± 0.3 Calcaneal T-score, mean ± SE = -1.3 ± 0.2 N/A < 0.05

Ahmed, 2010 [30] 
(Male)

Calcaneal T-score, mean ± SE = -1.8 ± 0.3 Calcaneal T-score, mean ± SE = 0.5 ± 0.3 N/A < 0.001

Chang, 2020 [39] Annual incidence of hip fractures = 46–54 per 
10,000 person-years

Annual incidence of hip fractures = 7–7.5 per 
10,000 person-years

Incidence 
rate 
ratio = 6.95 
[95% 
CI = 6.74–
7.18]

N/A

Culafic, 2014 [34] Total hip BMD (g/cm2), mean ± SE = 1.02 ± 0.02 Total hip BMD (g/cm2), mean ± SE = 1.02 ± 0.02 N/A N/A
Diez-ruiz, 2010 [31] Osteoporosis = 13/33 N/A N/A N/A
Casini, 2003 [26] Head BMD (g/cm2), mean ± SE = 2.16 ± 0.04

Arm BMD (g/cm2), mean ± SE = 0.77 ± 0.02
Legs BMD (g/cm2), mean ± SE = 1.02 ± 0.02
Trunk BMD (g/cm2), mean ± SE = 0.76 ± 0.02
Ribs BMD (g/cm2), mean ± SE = 0.57 ± 0.01
Pelvis BMD (g/cm2), mean ± SE = 0.93 ± 0.03
Total BMD (g/cm2), mean ± SE = 1.01 ± 0.02

Head BMD (g/cm2), mean ± SE = 2.12 ± 0.04
Arm BMD (g/cm2), mean ± SE = 0.81 ± 0.01
Legs BMD (g/cm2), mean ± SE = 1.10 ± 0.02
Trunk BMD (g/cm2), mean ± SE = 0.84 ± 0.02
Ribs BMD (g/cm2), mean ± SE = 0.62 ± 0.01
Pelvis BMD (g/cm2), mean ± SE = 1.03 ± 0.02
Total BMD (g/cm2), mean ± SE = 1.06 ± 0.01

N/A < 0.05

Katsaounis, 2022 [42] Lumbar spine T-score, median = -1.46
Femoral bone T-score, median = -1.37

Lumbar spine T-score, median = -0.40
Femoral bone T-score, median = -0.67

Lumbar 
Spearman’s 
rho = 0.24
Femoral 
Spearman’s 
rho = 0.31

Lum-
bar = 0.08
Femo-
ral = 0.03

Wakolbinger, 2019 
[38]

Total hip BMD (g/cm2), median (Q1-Q3) = 0.91 
(0.80–1.03)
Total hip T-score median (Q1-Q3) = − 1.1 (− 2.1 
to − 0.28)
Total hip Z-score median (Q1-Q3) = − 0.4 
(− 1.38–0.33)
Total body BMD (g/cm2), median (Q1-
Q3) = 1.12 (0.95–1.19)
Radius BMD (g/cm2), median (Q1-Q3) = 0.61 
(0.55–0.70)
Calcaneus BMD (g/cm2), median (Q1-
Q3) = 0.38 (0.30–0.41)

Total hip BMD (g/cm2), median (Q1-Q3) = 1.02 
(0.96–1.20)
Total hip T-score median (Q1-Q3) = − 0.1 
(− 0.73–0.4)
Total hip Z-score median (Q1-Q3) = 0.45 
(− 0.1–0.8)
Total body BMD (g/cm2), median (Q1-
Q3) = 1.22 (1.13–1.30)
Radius BMD (g/cm2), median (Q1-Q3) = 0.74 
(0.64–0.81)
Calcaneus BMD (g/cm2), median (Q1-
Q3) = 0.51 (0.47–0.53)

N/A Total hip 
BMD = 0.006
Total hip T-
score = 0.005
Total hip Z-
score = 0.012
Total body 
BMD = 0.003
Radius 
BMD = 0.001
Calcaneus 
BMD = 0.003

Wester, 2023 [43] Any fracture = 3659 (14.6%)
Incidence per 1000 person-years [95%CI] = 38.7 
(37.4–39.9)

Any fracture = 44,976 (18.8%)
Incidence per 1000 person-years [95%CI] = 13.3 
(13.2–13.5)

aHR 
[95%CI] = 3.8 
[3.6–3.9]

< 0.001

Zhang, 2020 [40] Ward’s triangle BMD (g/cm2), 
mean ± SD = 0.65 ± 0.10
Trochanter BMD (g/cm2), 
mean ± SD = 1.08 ± 0.16
Total hip (g/cm2), mean ± SD = 0.89 ± 0.13

Ward’s triangle BMD (g/cm2), 
mean ± SD = 0.69 ± 0.09
Trochanter BMD (g/cm2), 
mean ± SD = 1.13 ± 0.14
Total hip (g/cm2), mean ± SD = 0.93 ± 0.11

N/A Ward’s 
triangle 
BMD = 0.006
Trochanter 
BMD = 0.040
Total 
hip = 0.015

Zheng, 2018 [37] Hip BMD (g/cm2), mean ± SD = 0.88 ± 0.14 Hip BMD (g/cm2), mean ± SD = 0.93 ± 0.11 N/A < 0.001
Abbreviations aHR, Adjusted Hazard Ratio; BMD, Bone Mineral Density; CI, Confidence Interval; N/A, Not Applicable; Q1-Q3, Quartile 1 to Quartile 3; SD, Standard 
Deviation; SE, Standard Error
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Publication bias
Egger’s test and funnel plot (Supplementary file 1: Figure 
S13) was computed on the meta-analysis with the most 
studies, namely osteoporosis prevalence in cirrhotic 
vs. non-cirrhotic, and hence no publication bias was 
observed (P-value = 0.985).

Discussion
In this systematic review and meta-analysis, we compre-
hensively evaluated the relationship between hepatic cir-
rhosis and the prevalence of osteoporosis and fracture 
risk. Our results show that patients with cirrhosis are 
1.93 times more likely to develop osteoporosis and have 
a 2.3 times higher risk of fractures compared to non-cir-
rhotic controls. Our results are consistent with a previous 
systematic review and meta-analysis including 8 studies 
up to 2017 that showed liver cirrhosis is associated with 
an increased risk of fracture with an OR of 1.94 (95% CI: 
1.59–2.37) [14]. Another meta-analysis found that cir-
rhotic patients have a 2.52 times greater risk of osteo-
porosis (95% CI: 1.11–5.69), which is in line with our 
findings [5]. A more recent meta-analysis also showed 
an association between cirrhosis and an increased prev-
alence of osteoporosis, with a pooled prevalence of 15% 
[6].

Several factors may contribute to the increased risk of 
osteoporosis in cirrhosis patients which generally consist 
of a combination of increased osteoclastic and decreased 
osteoblastic activity leading to an imbalance in remod-
eling mechanisms [44]. The mechanisms by which this 
happens are not yet completely understood but may 
result from decreased vitamin D, vitamin K, and calcium 
levels, impaired growth hormone and insulin-like growth 
factor-1 (IGF-1) secretion, increased inflammatory medi-
ators TNF-alpha and IL-6, hyperbilirubinemia, limited 
physical activity, malnutrition, and alcohol consumption 
[6, 31, 45, 46]. Previous meta-analyses point to signifi-
cantly lower levels of 25-hydroxyvitamin D and IGF-1 in 
cirrhosis patients [5, 6]. IGF-1 may protect against BMD 
loss and fracture by promoting osteoblast proliferation 
and function, as well as bone formation [47, 48]. Another 
proposed mechanism for IGF-1 is maintaining opti-
mal levels of bone matrix and bone mass by promoting 
collagen production and lowering collagen breakdown 
[47]. Vitamin D is essential for calcium and phosphorus 
homeostasis, and bone remodeling and its deficiency can 
also lead to osteopenia and osteoporosis. Low levels of 
both vitamin D and IGF-1 can increase the risk of falls 
and fractures which can be another explanation for high 
fracture rates in cirrhotic patients [47, 49].

The enrolled studies showed considerable heteroge-
neity in most analyses, which could have influenced the 
results. We therefore conducted sensitivity analyses to 
confirm the robustness of this meta-analysis. The results 

showed that studies with a higher percentage of male par-
ticipants showed less association between cirrhosis and 
T-score, osteoporosis, and fracture risk. This relationship 
was the opposite for femoral neck BMD analysis which 
might result from men having higher baseline BMDs or 
different studies included in the analyses. Osteoporo-
sis has a higher prevalence in post-menopausal women 
who probably constituted most of the female popula-
tion as the mean age of the included studies suggests 
[50]. Estrogen, which is essential for maintaining BMD, 
drops abruptly in women during menopause, whereas, 
cirrhosis alone does not decrease estrogen levels and in 
fact, tends to increase it [51–54]. Although other poten-
tial confounders, such as comorbidities and medication 
use, were not consistently reported across studies, mak-
ing a detailed meta-regression analysis challenging, their 
potential impact should not be overlooked. Smoking, 
certain comorbid conditions, such as rheumatoid arthri-
tis, diabetes and tumors, and the use of medications like 
corticosteroids, estrogens, and supplements can affect 
osteoporosis risk [55]. Future studies should prioritize 
standardized reporting of these variables to facilitate 
more precise assessments of their effects on bone health 
in cirrhotic patients.

Our sensitivity analysis revealed that neither the aver-
age age of the participants nor the study design were 
sources of heterogeneity for any of the outcomes. The 
omission of the study by Figueiredo et al. resulted in a 
high decrease in heterogeneity and made the lumbar 
T- and Z-score results significant. This finding could be 
attributed to an older study design and small sample size, 
as well as other sources of heterogeneity such as different 
cirrhosis diagnosis criteria and methods, cirrhosis etiol-
ogy (viral, alcoholic, metabolic, and so on), and cirrhosis 
severity [27]. Studies with distinct population charac-
teristics also contributed to heterogeneity. Zheng et al. 
focused exclusively on compensated cirrhotic patients 
(Child-Pugh A) and had lower BMI, while Gonzalez-Cal-
vin et al. included only postmenopausal women [29, 37]. 
Removing Chen et al. (2017) increased the OR as it was 
a large, heavily weighted study that selected the patients 
based on diagnoses from hospital inpatient care registers 
which may have led to misplacing patients with minor 
cirrhosis in the non-cirrhotic group and an underesti-
mation of fracture risk [35]. Although the overall con-
clusions of our meta-analysis remained consistent after 
removing these studies, our findings highlight potential 
subgroup variations and should be interpreted with cau-
tion for significantly distinct populations.

Prevention of fractures and early diagnosis of osteopo-
rosis in cirrhotic patients is important as previous studies 
have shown that patients with liver cirrhosis have higher 
post-fracture complications and mortality [35]. One 
study showed that cirrhotic geriatric patients undergoing 
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surgical repair for hip fracture had worse outcomes such 
as more non-routine discharges, longer hospital stays, 
higher complication rates, and higher hospital costs [56]. 
Given the significant increased fracture risk observed in 
cirrhotic patients, effective risk stratification and taking 
proactive measures are necessary.

One possible approach is incorporating cirrhosis sever-
ity, as measured by the Child-Pugh or MELD scores, into 
current fracture risk assessment tools, such as FRAX. 
Another is to apply an adjustment factor to the FRAX-
calculated fracture risk to account for metabolic changes 
associated with cirrhosis. Future studies should focus 
on developing a dedicated fracture risk assessment 
tool tailored to cirrhotic patients for more precise risk 
stratification.

Targeted screening programs for osteoporosis using 
dual-energy X-ray absorptiometry (DEXA) scans should 
be considered, particularly for those with advanced liver 
disease. Lifestyle modifications, regular weight-bearing 
exercises and fall-prevention strategies should be inte-
grated into clinical care and can improve patients’ qual-
ity of life particularly as they approach higher-risk ages. 
Anti-osteoporotic drugs such as bisphosphonates and 
denosumab and vitamin D and calcium supplementation 
can also be considered for high-risk patients [57–60]. 
Studies and guidelines suggest regular monitoring and 
maintaining serum 25-hydroxyvitamin D levels above 
30 ng/mL in patients with cirrhosis with recommended 
doses including 5,000 IU/day or 50,000 IU weekly for 3 
months in vitamin D deficient individuals followed by 
1,000–2,000 IU/day indefinitely [61].

Strengths and limitations
In this review using a detailed search strategy we con-
ducted a comprehensive literature review with no pub-
lication bias and employed advanced meta-analysis 
methods such as meta-regression and detailed sensitivity 
analyses to ensure the robustness of our findings. We also 
assessed multiple bone health outcomes including osteo-
porosis, fracture risk, and bone mineral density in both 
the lumbar and femoral regions to gain a comprehen-
sive picture of how cirrhosis influences bone integrity. 
However, it is important to consider certain limitations. 
Significant heterogeneity was found between studies, 
which was most likely caused by differences in cirrhosis 
etiology, diagnostic methods, and sample demographics. 
Furthermore, some factors, such as disease severity and 
co-morbidities, were not consistently reported, which 
may have influenced generalizability.

Conclusion
In conclusion, hepatic cirrhosis is associated with a sig-
nificant increase in the risk of osteoporosis and fractures, 
highlighting the importance of integration of cirrhosis 

into clinical fracture-risk models and targeted screening 
and preventive strategies. Further studies with longitudi-
nal designs are required to assess the risk of osteoporosis 
based on the etiology and stage of cirrhosis, especially in 
younger males, as well as to evaluate the efficacy of spe-
cific interventions and to develop and validate risk pre-
diction models tailored to cirrhotic patients.
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