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Objective: The clinical correlation between adipokines levels in the blood and

the incidence of senile osteoporosis (SOP) has not been clearly studied. We

conducted this meta-analysis to elucidate the relationship between three

common adipokines levels (leptin, adiponectin, and chemerin) and the

incidence of SOP.

Methods: We searched databases such as CNKI, CBM, VIP, Wanfang, PubMed,

Web of Science, Embase, and the Cochrane Library to collect articles published

since the establishment of the database until July 30, 2022.

Results: In total, 11 studies met the selection criteria. Our meta-analysis showed

that serum leptin levels were significantly lower (mean difference [MD], -2.53,

95% CI: -3.96 to -1.10, I2 = 96%), chemerin levels were significantly higher (MD,

30.06, 95% CI: 16.71 to 43.40, I2 = 94%), and adiponectin levels were not

significantly different (MD, -0.55, 95% CI: -2.26 to 1.17, P = 0.53, I2 = 98%) in

SOP patients compared with healthy older individuals with normal bone mineral

density (BMD). In addition, correlation analysis showed that leptin levels were

positively correlated with lumbar bone mineral density (LBMD) (r = 0.36) and

femoral bone mineral density (FBMD) (r = 0.38), chemerin levels were negatively

correlated with LBMD (r = -0.55) and FBMD (r = -0.48), and there were significant

positive correlations between leptin and adiponectin levels and body mass index

(BMI) (r = 0.91 and 0.97).

Conclusions: The likelihood of having SOP was higher in older individuals with

low levels of leptin and higher levels of chemerin. In addition, BMI was somewhat

lower with low levels of leptin and adiponectin.

Systematic review registration: https://www.crd.york.ac.uk/prospero/, identifier

CRD42022356469.
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1 Introduction

Osteoporosis is a group of systemic metabolic lesions caused by

a significant decrease in bone production and bone mineral density

(BMD), damage to the fine tissue structure of the skeleton, and

fragility fractures. Its most important pathogenesis is the

inactivation of osteoblasts and the activation of osteoclasts, which

ultimately leads to a disruption of bone metabolism and a reduction

in bone tissue (1). Osteoporosis is a disease that is extremely

detrimental to bone health and can lead to an increased risk of

fractures (2), with hip fractures being the most serious (3).

With the accelerated aging of the global population, the

incidence of senile osteoporosis (SOP) has increased significantly.

Unlike postmenopausal osteoporosis (PMOP), SOP is caused by

advancing age and therefore does not only affect women but is also

closely associated with men (4). In recent years, due to the increased

prevalence of osteoporosis in the elderly population, the incidence

of osteoporotic fractures has also increased, and the rate of death

and disability has increased considerably. Therefore, as a common

occult disease that seriously endangers the quality of life of the

elderly, SOP has become one of the major public health

problems worldwide.

Domestic and international studies have found that as we age,

bone marrow stromal cells (BMSCs) differentiate into more

adipocytes than osteoblasts, which leads to reduced bone

formation and contributes to SOP (4). Adipokines are an

emerging class of signaling factors produced mainly by adipocytes

and are an important marker molecule of obesity. They are not only

related to glucolipid metabolism (5) in vivo, but also have a

connection with BMD (6, 7).

Furthermore, in addition to adipokines, adipose tissue and body

mass index (BMI) play an extremely important role in osteoporosis.

It was found that adipose tissue and BMI influence both bone

density and bone turnover. Some studies found that adipose tissue

has a certain mechanical protective effect on BMD, which can

effectively prevent the occurrence of fractures after osteoporosis,

and a significant association between BMD and BMI has been

reported (r = 0.3 to 0.6) (8–10).

Several previous meta-analyses have examined the effects of

adipokines levels on BMD and fracture risk in healthy men and

women (7), the differences in adipokines between PMOP and

healthy postmenopausal women (11), and the correlation of

adipokines with BMD and BMI in PMOP patients (12). However,

the clinical relevance of blood levels of adipokines in patients with

SOP has not been clearly elaborated. Therefore, it is necessary to

further explore the correlation between adipokines levels and SOP,

BMI, and BMD to search for potential biomarkers to diagnose and

treat SOP.
2 Materials and methods

We conducted a meta-analysis according to the Preferred

Reporting Items for Systematic Reviews and Network Meta-

Analyses (PRISMA) and Cochrane methods, and the completed

PRISMA checklist is listed in Table S1 and has been registered in the
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International Register of Prospective Systematic Reviews

(PROSPERO) under CRD42022356469.
2.1 Search strategy

“Osteoporosis”, “senile osteoporosis”, “senile bone losses”,

“SOP”, “adipokines”, “leptin”, “adiponectin”, and “chemerin”

were used as our search terms in databases such as China

National Knowledge Infrastructure (CNKI), CBM, VIP

information database, Wanfang Data, PubMed, Web of Science,

EMBASE, and Cochrane Library to search the articles since their

establishment until July 30, 2022. This category was limited to

human studies. The detailed search strategies are documented in

Table S2.
2.2 Selection criteria

Two authors independently evaluated and selected relevant

studies based on the following criteria: 1) study type: case-control

studies and cohort studies; 2) study subjects: the elderly who meet

the WHO diagnostic criteria for OP in the case group and healthy

older individuals with normal BMD in the control group; 3) study

index: data on leptin, adiponectin, or chemerin in SOP and control

groups must be recorded completely; and 4) Newcastle Ottawa Scale

(NOS) score ≥5. Exclusion criteria: 1) duplicate publications or

overlapping study subjects; 2) the full text was not available; 3)

relevant data were not provided in the original text or were

incomplete and could not be obtained from the authors; 4)

animal studies, case reports, editorials, reviews, expert opinion

reports, and conference papers; and 5) study subjects suffered

from diseases affecting bone metabolism or adipokines expression

or had taken drugs affecting bone metabolism and lipid metabolism

within 1 year.
2.3 Data extraction

From the included articles, two authors independently extracted

the following information: 1) study characteristics, including first

author, year of publication, and location; 2) basic characteristics of

the individuals, including sample size, mean age, and mean BMI;

and 3) details of biochemical examinations, including the source of

the index and method of analysis. In addition, we extracted

correlation coefficients (13) to further assess the relationship

between different adipokines levels and BMI and BMD. When

reporting Spearman correlation coefficients, we converted them to

Pearson correlation coefficients according to the method described

in previous studies (12, 14).
2.4 Quality assessment

Studies were evaluated for quality using the NOS score (15),

with two researchers scoring each study and reviewing the literature
frontiersin.org
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separately. The NOS score included study population selection,

comparability between groups, and exposure evaluation. The total

score of ≥7, 5-6, and ≤5 was considered high, moderate, and low

methodological quality, respectively.
2.5 Results of interest

In this meta-analysis, we labeled the differences in leptin,

adiponectin, and chemerin concentrations between individuals

with SOP and healthy older individuals as the primary outcome

and the relationships between the concentrations of adipokines and

BMI, LBMD, and FBMD as secondary outcomes.
2.6 Statistical analysis

All statistical analyses were performed using RevMan 5.4

software. Since adipokines levels were continuous variables and

all indicators were calculated using comparable data units, effect

sizes were combined by calculating the mean difference (MD),

standard deviation (SD), and corresponding 95% confidence

interval (95% CI). Due to inevitable clinical heterogeneity

between studies, the random-effects model was a more

appropriate method to calculate summary effect measures. The

statistical heterogeneity of individual outcome studies was assessed

using the Cochrane Q test (16) and the I2 statistic (17). Subgroup

analysis was performed to explore clinical heterogeneity based on

the adipokines method of analysis. Sensitivity analysis was used to

assess the stability of the meta-analysis results. In addition, we first

calculated the transformed values of the correlation coefficient

values using the Fisher transformation method. Subsequently, we

performed a meta-analysis to calculate a summary of Fisher Z
Frontiers in Endocrinology 03
values based on the generalized inverse variance model. Finally, the

summary r-values were transformed from Fisher’s Z-values

summary using accepted formulas. Because tests for publication

bias were not reliable when <10 studies were included, we did not

compare their publication bias by generating funnel plots. P-values

<0.05 were considered statistically significant differences.
3 Results

3.1 Literature search

After the initial searching, we found 1829 records, used

ENDNOTE X9 and manual weight-checking methods to remove

845, then excluded 925 ineligible studies after carefully screening

titles and abstracts, read the full text to remove 48 studies that did

not meet the inclusion criteria, and finally identified 11 (18–28)

studies were included for meta-analysis, with a total of 1337 study

subjects. The literature screening process and results are shown

in Figure 1.
3.2 Basic information and quality
evaluation of included studies

Finally, a total of 11 studies were included in this meta-analysis,

including 777 patients with SOP and 560 healthy older individuals

with normal BMD. Of these studies, 10 studies (18–27) were

published in China, and the remaining one was published in the

United States (28). Nine (18–22, 24, 26–28) of these studies reported

only one of the three common adipokines, and two studies (23, 25)

reported multiple indicators of adipokines. And three studies (18, 19,

21) used radioimmunoassay (RIA) to measure serum adipokines
FIGURE 1

Flow diagram of literature screening.
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levels, while the remaining eight (20, 22–28) used enzyme-linked

immunosorbent assay (ELISA). The basic characteristics of the

included studies are shown in Table 1. NOS was used to assess the

methodological quality of the included studies. One study scored 5,

four studies scored 6, four studies scored 7, and two studies scored 8.

Overall, the overall methodological quality of the included studies

was at a moderate to high level.
3.3 Meta-analysis of Adipokines levels in all
patients with SOP

Among 11 studies included, 7 reported leptin levels in 442 SOP

patients and 345 controls. Pooled results showed that leptin levels

were significantly lower in SOP patients compared to controls (MD,

-2.53, 95% CI: -3.96 to -1.10, P = 0.0005) (Figure 2). Significant

heterogeneity was detected (I2 = 96%, P <0.00001); therefore, we

performed subgroup analyses based on leptin assay approaches to

explore potential influencing factors. As shown in Figure 3, it was

found that leptin levels in SOP patients in both the ELISA group

(MD = -3.31, 95% CI: -5.61 to -1.01, P = 0.005) and the RIA group

(MD = -1.27, 95% CI: -1.93 to -0.61, P = 0.0002) were statistically
Frontiers in Endocrinology 04
lower than in the control group, and there were no statistically

significant differences between the two groups (P = 0.09), but

statistical heterogeneity was not significantly reduced in the

ELISA group (I2 = 98%), while significantly reduced in the RIA

group (I2 = 0). And we performed a sensitivity analysis in which

there was no significant change in the combined results after

omitting one study at a time, indicating that it could confirm the

robustness of the combined results (Table S3.1).

A total of five studies reported adiponectin levels in 348 SOP

patients and 268 controls. As shown in Figure 2, adiponectin levels

in SOP patients were not significant compared to controls (MD,

-0.55, 95% CI: -2.26 to 1.17, P = 0.53). Although substantial

statistical heterogeneity was detected (I2 = 98%, P <0.00001),

subgroup analysis was not performed because serum adiponectin

levels were measured using ELISA in all studies. Sensitivity analysis

has confirmed the robustness of the combined results (Table S3.1).

Finally, two studies reported chemerin levels in 183 SOP patients

and 105 controls. As shown in Figure 2, serum chemerin levels were

significantly higher in SOP patients than in controls (MD, 30.06, 95%

CI: 16.71 to 43.40, P <0.0001). We detected significant statistical

heterogeneity (I2 = 94%, P <0.0001), but we did not perform

subgroup analyses because serum chemerin levels were measured
TABLE 1 Characteristics of the included studies (n = 11).

Sample size
(n)

Mean age
(years)

Mean BMI
(kg/m2)

Study Country SOP Control SOP Control SOP Control Source Indicators Assay
approach

ra Scoreb

Shen,2006 China 88 70 75.36
± 7.03

75.2 ±
6.27

24.29
± 2.89

24.08 ±
13.31

Serum LP RIA BMI 6

Ba,2011 China 25 22 68.32
±

13.40

67.95 ±
14.16

NA NA Serum LP RIA NA 6

Yan,2020 China 30 30 73.20
± 6.84

74.33 ±
7.41

21.34
± 3.45

21.04 ±
3.11

Serum LP ELISA BMI 7

Liu,2009 China 86 50 72.92
±

9.186

68.8 ±
10.055

23.975
± 3.31

26.594 ±
2.48

Serum LP RIA BMI,
BMD

5

Chai,2012 China 89 50 70.26
± 5.27

69.89 ±
5.21

NA NA Serum LP ELISA BMD 7

Liang,2022 China 72 65 66.76
± 5. 84

66. 29 ±
5. 47

25. 26
± 3. 10

25. 93 ±
2.79

Serum LP, ADP,
CHEM

ELISA BMI,
BMD

8

Chai,2013 China 89 50 70. 26
± 5. 27

69.89± 5.
21

NA NA Serum ADP ELISA BMD 6

Liang,2019 China 70 70 71.53
± 7.99

66.55 ±
6.12

22.99
± 2.99

24.65 ±
2.12

Serum LP, ADP ELISA BMI,
BMD

7

Zhang,2013 China 33 31 79.1 ±
9. 5

74.7 ±
8.7

25. 72
± 2. 07

26. 38 ±
1. 69

Serum ADP ELISA BMD 7

Wang,
2016

China 84 82 85.85
± 5.13

84.60 ±
5.00

NA NA Serum ADP ELISA BMD 6

Jiang,2022 America 111 40 70.2 ±
5.7

69.1 ±
2.4

22.77
± 2.75

23.63 ±
2.41

Serum CHEM ELISA BMI.BMD 8
front
BMI, body mass index; SOP, senile osteoporosis; LP, leptin; ADP, adiponectin; CHEM, chemerin; ELISA, enzyme-linked immunosorbent assay; RIA, radioimmunoassay; NA, not available.
aPearson’s or Spearman’s correlation coefficient.
bThe methodological quality was determined using the Newcastle-Ottawa Scale (NOS).
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using ELISA in all studies. Moreover, sensitivity analysis has

confirmed the robustness of the combined results (Table S3.1).
3.4 Meta-analysis of the
relationship between adipokines
levels and LBMD and FBMD

Among the included studies, eight reported the relationship

between adipokines levels and LBMD in individuals with SOP, five

reported the relationship between adipokines levels and FBMD in

individuals with SOP, and Pearson or Spearman correlation

coefficients were calculated from the data. Using Fisher’s Z

transform, we performed a pooled analysis of the correlations

between adipokines levels and LBMD and FBMD in individuals

with SOP. As shown in Figure 4, the Fisher’s Z values generated from

the meta-analysis of the relationship between adipokines (leptin,

adiponectin, and chemerin) levels and LBMD in patients with SOP

were 0.38 (95% CI: 0.22 to 0.55, P <0.00001), 0.12 (95% CI: -0.23 to

0.48, P =0.49), and -0.61 (95% CI: -0.85 to -0.37, P <0.00001). Thus,

the total r values for leptin, adiponectin, and chemerin were 0.36,
Frontiers in Endocrinology 05
0.12, and -0.55, respectively. Analysis of the correlations showed that

leptin levels were significantly and positively correlated with LBMD,

and chemerin levels were significantly and negatively correlated with

LBMD. Meanwhile, as shown in Figure 5, the Fisher Z values

generated from the meta-analysis of the relationship between

adipokines (leptin, adiponectin, and chemerin) levels and FBMD in

SOP patients were 0.40 (95% CI: 0.27 to 0.53, P <0.00001), 0.17 (95%

CI: -0.55 to 0.88, P = 0.65), and -0.52 (95% CI: -0.74 to -0.31, P

<0.00001). Thus, the total r values for leptin, adiponectin, and

chemerin were 0.38, 0.17, and -0.48, respectively. Analysis of the

correlations showed that leptin levels were significantly and positively

correlated with FBMD, and chemerin levels were significantly and

negatively correlated with FBMD. Sensitivity analysis confirmed the

robustness of the combined leptin and chemerin results (Table S3.2).
3.5 Meta-analysis of the relationship
between Adipokines levels and BMI

Six studies examined the relationship between leptin, adiponectin,

and chemerin levels and BMI in individuals with SOP and reported or
FIGURE 3

Forest plot of subgroup meta-analysis of differences in blood leptin levels between individuals with senile osteoporosis and healthy patients with
normal BMD.
FIGURE 2

Forest plot of meta-analysis of differences in blood adipocytokines levels between individuals with senile osteoporosis and healthy patients with
normal BMD.
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calculated Pearson or Spearman correlation coefficients. We

performed a pooled analysis of the relationship between leptin,

adiponectin, or chemerin levels and BMI in individuals with SOP.

As shown in Figure 6, the meta-analysis generated pooled results for

Fisher Z values of 1.50 (95% IC: 0.76 to 2.24, P <0.0001), 2.07 (95% IC:

1.65 to 2.50, P <0.00001) and 0.91 (95% IC: -0.97 to 2.78, P =0.34).

Thus, the pooled r values for leptin, adiponectin, and chemerin were

known to be 0.91, 0.97, and 0.72, respectively. The meta-analysis of

correlation coefficients revealed significant positive correlations

between leptin, adiponectin levels, and BMI, further confirmed by

the sensitivity analysis results (Table S3.3).

3.6 Publication bias

We did not assess publication bias for leptin, adiponectin, and

chemerin because the Cochrane Handbook of Interventional
Frontiers in Endocrinology 06
System Reviews (www.cochranehandbook.org) states that

publication bias studies with funnel plots are not required when

there are fewer than 10 studies.
4 Discussion

4.1 Comparison with existing research
results

As three important adipokines, serum levels of leptin, adiponectin,

and chemerin in vivo not only reflect the number and function of

adipocytes but also play an important role in regulating bone

metabolism. Among them, leptin affects bone metabolism in several

ways. Leptin acts on the surface receptors of BMSCs, chondrocytes,

osteoblasts, and osteoclasts, directly affecting bone metabolism (29); it
FIGURE 5

Forest plot of meta-analysis of the relationship between adipokines and FBMD.
FIGURE 4

Forest plot of meta-analysis of the relationship between adipokines and LBMD.
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also increases the expression of the insulin-like growth factor 1 receptor

on the growth plate and condylar cartilage, indirectly regulating bone

metabolism (30); in addition, it affects the secretion of bone marrow

adipocytes, locally regulating bone metabolism (31). Turner et al. (32)

showed that leptin-deficient mice had a heavier body weight, higher

blood glucose levels, and more white abdominal adipose tissue, while

shorter femur length, lower BMD, and thinner cortical thickness than

normal mice. Consistent with these studies, leptin levels were found to

be significantly lower in SOP patients than in controls in our meta-

analysis and positively correlated with LBMD and FBMD. Several

mechanistic studies have also found that leptin promotes the

proliferation and differentiation of osteoblasts by activating the AKT

(33) and the Janus kinase/signal transducer and activator of

transcription (JAK/STAT) signaling pathways (34). In addition,

leptin upregulates the OPG/RANKL ratio in BMSCs and inhibits the

mitogen-activated protein kinases (MAPK) signaling pathway (35) to

inhibit osteoclast differentiation. Thus, leptin can exert important

effects on bone growth and metabolism through different pathways.

Some studies have shown that adiponectin has a dual effect on

osteoporosis, on the one hand, it can bind to the adiponectin receptors

R1 (AdipoR1) and AdipoR2 to positively regulate bone formation (36),

on the other hand, it can negatively regulate bone metabolism by

upregulating the RANKL/OPG ratio and downregulating the

expression of the osteogenic transcription factor osterix (37). In

contrast, our meta-analysis showed no significant difference between

adiponectin levels in SOP patients and controls, which is consistent with

the study by Barbour KE. et al. (38), where there was also no significant

correlation between serum adiponectin levels and BMD and only a

positive correlation with BMI. On the contrary, it is still found in some

studies (39, 40) that occurrence of osteoporotic fractures in the elderly is

significantly negatively correlated with serum adiponectin levels. In

addition, a large number of mechanistic studies have also found that

adiponectin can regulate the AMPK/FoxO3A signaling pathway (41),

block the PI3K/AKT and Wnt/b-catenin signaling pathways (42), and

adjust the differentiation direction of BMSCs. Although extensive

studies, the exact role of adiponectin in bone metabolism remains
Frontiers in Endocrinology 07
controversial, and therefore, more studies are needed in the future to

elucidate the complex effects of adiponectin on osteoporosis.

It was found that chemerin can regulate lipogenesis and

osteogenesis in BMSCs, thereby dynamically regulating bone

metabolism in the body. One study found that chemerin-deficient

mice showed reduced bone mass and bone formation, whereas

chemerin-overexpressing mice showed increased osteogenic

differentiation and increased bone mass and bone formation (43).

However, Jiang. et al. (28) found that prolonged exposure to

chemerin enhanced osteoclast differentiation and maturation,

thereby increasing the risk of fracture. As in the study, our meta-

analysis showed that SOP patients had significantly higher

chemerin levels than controls, and chemerin levels in SOP

patients were negatively correlated with LBMD and FBMD.

In conclusion, the results of our meta-analysis suggest that older

individuals with lower levels of leptin and higher levels of chemerin are

more likely to have SOP. Interestingly, many studies showed a positive

correlation between BMI and BMD, and low BMI is an important risk

factor for osteoporosis (44, 45). Our results also showed that leptin

levels were significantly and positively correlated with BMI and BMD

in individuals with SOP, suggesting that it may play an important role

in the process of BMI affecting the development of SOP, while how

adipokines are involved in the process of BMI affecting osteoporosis

needs further study due to the lack of relevant literature.

4.2 Strengths and limitations

Our study has unique advantages. First, this study is a cutting-

edge analysis of studies designed to assess the clinical relevance of

adipokines levels to SOP and explore other biomarkers that can

predict and improve SOP. Second, our literature search and findings

were comprehensive. Third, although some of the results showed

heterogeneity, the quality of the included studies was at an

intermediate to a high level of confidence, and we also performed

a detailed subgroup analysis based on whether the assay approaches

of different adipokines levels in blood influenced the result.
FIGURE 6

Forest plot of meta-analysis of the relationship between adipokines and BMI.
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Of course, there are several limitations to consider. First, despite

our best efforts to conduct subgroup analysis, the heterogeneity of each

subgroup remained high, suggesting that there are still several

unknown factors that may have contributed to study heterogeneity,

such as geography, mean BMI, ethnicity, actual age, and nutritional

status of older individuals. Second, our study included only case-

control studies and lacked validated longitudinal cohort studies to infer

a causal relationship between adipokines levels and the occurrence of

SOP. Third, the correlation between adiponectin and SOP is different

from some other studies, although some studies indicate that

adiponectin predicted the incidence of osteoporotic fractures, our

meta-analysis did not detect a significant correlation. Given the

limited number of trials and small sample sizes for some outcomes,

these findings may not be sufficient to ensure significant differences.

Despite these limitations, our meta-analysis adds statistical power by

pooling the results of individual studies, which means that the total

number of subjects is large enough to support stronger conclusions.
4.3 Implications for practice and research

Currently, the prediction and diagnosis of osteoporosis and

resulting fractures in the elderly are often based on imaging, but

the use of imaging is limited to the analysis of only a single skeletal

region, which is often not representative of the disease status of the

entire skeleton in the elderly. Serum biomarkersmay bemore effective

than imaging in predicting the status of the entire skeleton; moreover,

BMD often does not reflect short-term changes in bone status during

treatment, and complete reliance on BMD to predict treatment

outcome and prognosis would be biased, whereas serum

biomarkers can reflect bone metabolism in patients in the short

term, which can improve the sensitivity and specificity of osteoporosis

detection and monitoring in the continuous metabolism of bone

tissue. In conclusion, the meta-analysis showed that the elderly with

low leptin levels and high chemerin levels were more likely to have

SOP, and BMD was positively correlated with leptin and negatively

correlated with chemerin. However, the underlying mechanism of

dysregulation of adipokines levels and whether correction of

dysregulation of adipokines levels can be used to treat SOP and

reduce the risk of osteoporotic fractures remains to be investigated.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Frontiers in Endocrinology 08
Author contributions

JW and SL designed the project. JW and YZ collected and sorted

the data. SL and RD reviewed the data. JW completed the first draft.

SN revised the draft. SL, YZ, and RD reviewed the full text. and SL

provided fund support. All authors contributed to the article and

approved the submitted version.
Funding

This work was supported by Shanxi Province Basic Research

Program Project (No.20210302123487); Research Support Project

of Shanxi Province for Returned Overseas Students (No.2020-180);

Key Medical Research Projects in Shanxi Province (No.2021XM23);

Scientific Activities of Selected Returned Overseas Professionals in

Shanxi Province (No.20200032); Basic and Transformation

Research of Endocrine Metabolic Diseases Shanxi Scientific and

Technological Innovation Talent Team (No.202204051002029);

Key Laboratory Project of Endocrine and Metabolic Diseases of

Shanxi Province (No.202104010910009).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1193181/

full#supplementary-material
References
1. Center JR, Nguyen TV, Schneider D, Sambrook PN, Eisman JA. Mortality after all
major types of osteoporotic fracture in men and women: an observational study. Lancet
(1999) 353(9156):878–82. doi: 10.1016/s0140-6736(98)09075-8
2. Paspaliaris V, Kolios G. Stem cells in osteoporosis: from biology to new
therapeutic approaches. Stem Cells Int (2019) 2019:1730978. doi: 10.1155/2019/
1730978
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2023.1193181/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1193181/full#supplementary-material
https://doi.org/10.1016/s0140-6736(98)09075-8
https://doi.org/10.1155/2019/1730978
https://doi.org/10.1155/2019/1730978
https://doi.org/10.3389/fendo.2023.1193181
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Wang et al. 10.3389/fendo.2023.1193181
3. Ballane G, Cauley JA, Luckey MM, El-Hajj Fuleihan G. Worldwide prevalence
and incidence of osteoporotic vertebral fractures. Osteoporos Int (2017) 28(5):1531–42.
doi: 10.1007/s00198-017-3909-3

4. Qadir A, Liang S, Wu Z, Chen Z, Hu L, Qian A. Senile osteoporosis: the
involvement of differentiation and senescence of bone marrow stromal cells. Int J
Mol Sci (2020) 21(1):349. doi: 10.3390/ijms21010349

5. Gray B, Steyn F, Davies PS, Vitetta L. Omega-3 fatty acids: A review of the effects
on adiponectin and leptin and potential implications for obesity management. Eur J
Clin Nutr (2013) 67(12):1234–42. doi: 10.1038/ejcn.2013.197

6. Thomas T, Burguera B, Melton LJ 3rd, Atkinson EJ, O’FallonWM, Riggs BL, et al.
Role of serum leptin, insulin, and estrogen levels as potential mediators of the
relationship between fat mass and bone mineral density in men versus women. Bone
(2001) 29(2):114–20. doi: 10.1016/s8756-3282(01)00487-2

7. Biver E, Salliot C, Combescure C, Gossec L, Hardouin P, Legroux-Gerot I, et al.
Influence of adipokines and ghrelin on bone mineral density and fracture risk: a
systematic review and meta-analysis. J Clin Endocrinol Metab (2011) 96(9):2703–13.
doi: 10.1210/jc.2011-0047

8. Reid IR, Ames R, Evans MC, Sharpe S, Gamble G, France JT, et al. Determinants
of total body and regional bone mineral density in normal postmenopausal women–a
key role for fat mass. J Clin Endocrinol Metab (1992) 75(1):45–51. doi: 10.1210/
jcem.75.1.1619030

9. Felson DT, Zhang Y, Hannan MT, Anderson JJ. Effects of weight and body mass
index on bone mineral density in men and women: the framingham study. J Bone
Miner Res (1993) 8(5):567–73. doi: 10.1002/jbmr.5650080507

10. Ravn P, Cizza G, Bjarnason NH, Thompson D, Daley M,Wasnich RD, et al. Low
body mass index is an important risk factor for low bone mass and increased bone loss
in early postmenopausal women. J Bone Mineral Res (1999) 14(9):1622–7. doi: 10.1359/
jbmr.1999.14.9.1622

11. Chen JY, Lv ZH, Zhang B, Li WJ, Chen H, Wu ZX. A meta-analysis of the
association between adipocyte cytokines and postmenopausal osteoporosis. Chin J
Osteoporosis (2020) 26(11):1640–5. doi: 10.3969/j.issn.1006-7108.2020.11.015

12. Shu L, Fu Y, Sun H. The association between common serum adipokines levels
and postmenopausal osteoporosis: A meta-analysis. J Cell Mol Med (2022) 26
(15):4333–42. doi: 10.1111/jcmm.17457

13. Peterson RA, Brown SP. On the use of beta coefficients in meta-analysis. J Appl
Psychol (2005) 90(1):175–81. doi: 10.1037/0021-9010.90.1.175

14. Li X, He J. The association between serum/plasma leptin levels and obstructive
sleep apnea syndrome: a meta-analysis and meta-regression. Front Endocrinol
(Lausanne) (2021) 12:696418. doi: 10.3389/fendo.2021.696418

15. Stang A. Critical evaluation of the newcastle-ottawa scale for the assessment of
the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol (2010) 25
(9):603–5. doi: 10.1007/s10654-010-9491-z

16. Bowden J, Tierney JF, Copas AJ, Burdett S. Quantifying, displaying and
accounting for heterogeneity in the meta-analysis of rcts using standard and
generalised Q statistics. BMC Med Res Methodol (2011) 11:41. doi: 10.1186/1471-
2288-11-41

17. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat
Med (2002) 21(11):1539–58. doi: 10.1002/sim.1186

18. Shen XF, Gong YX, Pang XF, Sheng H. Effect of serum leptin on Osteoporosis in
elderly men. Chin J Osteoporosis (2006) 12(2):164–5. doi: 10.3969/j.iSSN.1006-
7108.2006.02.016

19. Ba G, Chen ZG. Expression of leptin and bone metabolism in peripheral blood
of elderly male patients with osteoporosis. Chin J Geriatric Health Med (2011) 9
(06):15–6.

20. Yan H, Li YW. Expression of leptin, insulin-like growth factor-1 and insulin-like
growth factor-binding protein-3 in serum of elderly patients with osteoporosis. J
MudanjiangMed Coll (2020) 41(02):104–6+18. doi: 10.13799/j.cnki.mdjyxyxb.2020.02.024

21. Liu J, Miao YD, Gou SQ. Study on the relationship between osteoporosis and
serum leptin levels in elderly men. Chin J Osteoporosis (2009) 15(12):891–893+890.

22. Chai Y, Ma LF, Hu CR, Xin B. Relationship between serum leptin and bone
mineral density and bone turnover biochemical indices in elderly male patients with
osteoporosis. Heilongjiang Med Sci (2012) 35(1):30–1.

23. Liang J, Cui YW, Zhao Y. Study on the correlation between serum leptin,
adiponectin and chemokine levels and osteoporosis in the aged population. Pract
Geriatrics (2022) 36(02):184–7.

24. Chai Y, Bao J, Qiao JM, Zhou CF, Chai GL. Relationship between serum
adiponectin and bone mineral density and bone turnover biochemical indices in elderly
Frontiers in Endocrinology 09
male patients with osteoporosis. Chin J Osteoporosis (2013) 19(1):14–6. doi: 10.3969/
j.issn.1006-7108.2013.01.004

25. Liang DB, Li Q, Tang FY, Wang YB, Li JF, Tian K, et al. Association of
adipocytokines with bone mineral density in elderly patients. Orthopaedic Surg (2019)
27(12):1128–31.

26. Zhang JH, Liu YL, Liu HM, Song YY. Relationship between serum adiponectin
level and bone mineral density in elderly men. J Chin J Osteoporosis (2013) 19
(05):465–8.

27. Wang WY, Gao YH, Wang Y, Chang J, Chen SY. Bone mineral density in older
men and the correlation of serum adiponectin level research. J Chin Physician (2016) 17
(8):1190–3. doi: 10.3760/cma.J.iSSN.1008-1372.2016.08.017

28. Jiang XY, Wang Q, Zhang Y, Chen Y, Wu LF. Association of high serum
chemerin with bone mineral density loss and osteoporotic fracture in elderly Chinese
women. Int J Women’s Health (2022) 14:107–18. doi: 10.2147/IJWH.S337985

29. Driessler F, Baldock PA. Hypothalamic regulation of bone. J Mol Endocrinol
(2010) 45(4):175–81. doi: 10.1677/jme-10-0015

30. Martin A, David V, Malaval L, Lafage-Proust MH, Vico L, Thomas T. Opposite
effects of leptin on bone metabolism: a dose-dependent balance related to energy intake
and insulin-like growth factor-I pathway. Endocrinology (2007) 148(7):3419–25.
doi: 10.1210/en.2006-1541

31. Laharrague P, Larrouy D, Fontanilles AM, Truel N, Campfield A, Tenenbaum R,
et al. High expression of leptin by human bone marrow adipocytes in primary culture.
FASEB J (1998) 12(9):747–52. doi: 10.1096/fasebj.12.9.747

32. Turner RT, Philbrick KA, Wong CP, Olson DA, Branscum AJ, Iwaniec UT.
Morbid obesity attenuates the skeletal abnormalities associated with leptin deficiency in
mice. J Endocrinol (2014) 223(1):M1–15. doi: 10.1530/JOE-14-0224

33. Ghosh M, Majumdar SR. Antihypertensive medications, bone mineral density,
and fractures: a review of old cardiac drugs that provides new insights into
osteoporosis. Endocrine (2014) 46(3):397–405. doi: 10.1007/s12020-014-0167-4

34. Grzegorzewska AE, Młot-Michalska M. Predictors of bone mineral density in
dialyzed and non-dialyzed patients with chronic kidney disease. Adv Perit Dial (2010)
26:116–24.

35. Su L, Qiao Q, Li R, Wu H. Leptin attenuates the growth of rabbit mesenchymal
stem cells via the extracellular signal-regulated kinase signaling pathway. Exp Ther Med
(2018) 15(5):4185–90. doi: 10.3892/etm.2018.5948

36. Yamauchi T, Kamon J, Ito Y, Tsuchida A, Yokomizo T, Kita S, et al. Cloning of
adiponectin receptors that mediate antidiabetic metabolic effects. Nature (2003) 423
(6941):762–9. doi: 10.1038/nature01705

37. Pal China S, Sanyal S, Chattopadhyay N. Adiponectin signaling and its role in
bone metabolism. Cytokine (2018) 112:116–31. doi: 10.1016/j.cyto.2018.06.012

38. Barbour KE, Zmuda JM, Boudreau R, Strotmeyer ES, Horwitz MJ, Evans RW,
et al. Adipokines and the risk of fracture in older adults. J Bone Miner Res (2011) 26
(7):1568–76. doi: 10.1002/jbmr.361

39. Johansson H, Odén A, Lerner UH, Jutberger H, LorentzonM, Barrett-Connor E,
et al. High serum adiponectin predicts incident fractures in elderly men: osteoporotic
fractures in men (MrOS) Sweden. J Bone Miner Res (2012) 27(6):1390–6. doi: 10.1002/
jbmr.1591

40. Fan Y, Ming C, Qiang Z, Haiquan F. Association of serum adiponectin with
bone mineral density and bone turnover biochemical indices in elderly patients with
osteoporotic thoracolumbar fracture. Chin J Gerontol (2022) 42(03):591–4.

41. Zeng Y, Liang H, Guo Y, Feng Y, Yao Q. Adiponectin regulates osteocytic mlo-
Y4 cell apoptosis in a high-glucose environment through the Ampk/Foxo3a signaling
pathway. J Cell Physiol (2021) 236(10):7088–96. doi: 10.1002/jcp.30381

42. Zhou Y, Wei LL, Zhang RP, Han CW, Cao Y. Globular adiponectin inhibits
osteoblastic differentiation of vascular smooth muscle cells through the Pi3k/Akt and
Wnt/b-Catenin pathway. J Mol Histol (2021) 52(5):1067–80. doi: 10.1007/s10735-021-
10012-2

43. Li J, Zhang T, Huang C, Xu M, Xie W, Pei Q, et al. Chemerin located
in bone marrow promotes osteogenic differentiation and bone formation via Akt/
Gsk3b/b-Catenin axis in mice. J Cell Physiol (2021) 236(8):6042–54. doi: 10.1002/
jcp.30290

44. Tremollieres FA, Pouilles JM, Ribot C. Vertebral postmenopausal bone loss is
reduced in overweight women: a longitudinal study in 155 early postmenopausal
women. J Clin Endocrinol Metab (1993) 77(3):683–6. doi: 10.1210/jcem.77.3.8370689

45. Reid IR, Ames RW, Evans MC, Sharpe SJ, Gamble GD. Determinants of the rate
of bone loss in normal postmenopausal women. J Clin Endocrinol Metab (1994) 79
(4):950–4. doi: 10.1210/jcem.79.4.7962303
frontiersin.org

https://doi.org/10.1007/s00198-017-3909-3
https://doi.org/10.3390/ijms21010349
https://doi.org/10.1038/ejcn.2013.197
https://doi.org/10.1016/s8756-3282(01)00487-2
https://doi.org/10.1210/jc.2011-0047
https://doi.org/10.1210/jcem.75.1.1619030
https://doi.org/10.1210/jcem.75.1.1619030
https://doi.org/10.1002/jbmr.5650080507
https://doi.org/10.1359/jbmr.1999.14.9.1622
https://doi.org/10.1359/jbmr.1999.14.9.1622
https://doi.org/10.3969/j.issn.1006-7108.2020.11.015
https://doi.org/10.1111/jcmm.17457
https://doi.org/10.1037/0021-9010.90.1.175
https://doi.org/10.3389/fendo.2021.696418
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1186/1471-2288-11-41
https://doi.org/10.1186/1471-2288-11-41
https://doi.org/10.1002/sim.1186
https://doi.org/10.3969/j.iSSN.1006-7108.2006.02.016
https://doi.org/10.3969/j.iSSN.1006-7108.2006.02.016
https://doi.org/10.13799/j.cnki.mdjyxyxb.2020.02.024
https://doi.org/10.3969/j.issn.1006-7108.2013.01.004
https://doi.org/10.3969/j.issn.1006-7108.2013.01.004
https://doi.org/10.3760/cma.J.iSSN.1008-1372.2016.08.017
https://doi.org/10.2147/IJWH.S337985
https://doi.org/10.1677/jme-10-0015
https://doi.org/10.1210/en.2006-1541
https://doi.org/10.1096/fasebj.12.9.747
https://doi.org/10.1530/JOE-14-0224
https://doi.org/10.1007/s12020-014-0167-4
https://doi.org/10.3892/etm.2018.5948
https://doi.org/10.1038/nature01705
https://doi.org/10.1016/j.cyto.2018.06.012
https://doi.org/10.1002/jbmr.361
https://doi.org/10.1002/jbmr.1591
https://doi.org/10.1002/jbmr.1591
https://doi.org/10.1002/jcp.30381
https://doi.org/10.1007/s10735-021-10012-2
https://doi.org/10.1007/s10735-021-10012-2
https://doi.org/10.1002/jcp.30290
https://doi.org/10.1002/jcp.30290
https://doi.org/10.1210/jcem.77.3.8370689
https://doi.org/10.1210/jcem.79.4.7962303
https://doi.org/10.3389/fendo.2023.1193181
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	The association between serum adipokines levels with senile osteoporosis: a systematic review and meta-analysis
	1 Introduction
	2 Materials and methods
	2.1 Search strategy
	2.2 Selection criteria
	2.3 Data extraction
	2.4 Quality assessment
	2.5 Results of interest
	2.6 Statistical analysis

	3 Results
	3.1 Literature search
	3.2 Basic information and quality evaluation of included studies
	3.3 Meta-analysis of Adipokines levels in all patients with SOP
	3.4 Meta-analysis of the relationship between adipokines levels and LBMD and FBMD
	3.5 Meta-analysis of the relationship between Adipokines levels and BMI
	3.6 Publication bias

	4 Discussion
	4.1 Comparison with existing research results
	4.2 Strengths and limitations
	4.3 Implications for practice and research

	Data availability statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


