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Association of lipid levels,
adipokines and multiple myeloma:
a two-sample multivariate
Mendelian randomization study

Yi Ding?, Yudong Zhang?*?, Xiaoshan Zhang?, Mingrong Shang* & Fan Dong*

Many observational studies and experiments have found a strong association between lipid levels and
adipokines and multiple myeloma (MM), but the causal relationship between lipid levels, adipokines
and MM remains to be determined. We performed a two-sample and multivariate MR analysis to
investigate the causal relationship between lipid levels, adipokines and MM. Total cholesterol(TC),
high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and
triglycerides (TG) were used to represent lipid levels, and adiponectin, leptin, and resistin were used
to represent adipokines. Genetic data for each index and MM were obtained from the Integrated
Epidemiology Unit (IEU) Genome-Wide Association Study (GWAS) database, and two-sample MR
analyses were performed, as well as multivariate MR analyses of adipokines for causality of MM using
BMI as an adjusting factor. In the analyzed results, no significant causal association was found between
adipokines, lipid levels and multiple myeloma, and after adjusting for BMI, an association between
adipokines and MM was still not found. The results of this MR study do not support an association
between genetically predicted adipokines, lipid levels, and risk of MM, but we cannot rule out the
existence of a weak association. The mechanisms need to be further investigated.
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Multiple myeloma (MM) is a neoplastic disease characterized by the proliferation of clonal plasma cells. MM
accounts for 1% of neoplastic diseases and is the second most common hematologic malignancy. The global
incidence of multiple myeloma has increased by 126% as a result of population growth, the aging of the world’s
population, and an increase in age-specific incidence rates!.Current treatments for MM include injections of
proteasome inhibitors, oral immunomodulators and dexamethasone, treatment with monoclonal antibodies
directed against myeloma cell surface antigens, and autologous hematopoietic stem cell transplantation when
criteria are met, which improve the survival years of patients with MM but remain incurable?. Therefore, it is
necessary to explore the causes and mechanisms of MM.

Obesity is strongly associated with the development of many cancers®. Many studies have shown that
obesity is one of the risk factors for MM* and that obesity may be an important pathway to the development of
MM?®. Obesity is one of the risk factors for MM. Lipid levels, adipokines and obesity are closely related. Some
adipokines stimulate cancer progression through oncogenic signaling or indirect mechanisms®. Adipokines
have been shown to be associated with cancer progression through carcinogenesis or indirect mechanisms.
Many clinical studies have shown that adipokines are closely related to MM”~19, Meanwhile, recent studies have
shown that blood lipid levels also play an important role in tumor development and metastasis'!?, which has
a certain relationship with MM. However, the relationship between blood lipid levels, adipokines and MM still
needs to be further explored.

Mendelian randomization (MR) is an analytical method designed to estimate whether an exposure is causally
associated with a certain outcome by using the genetic variation of a given exposure as instrumental variables
(IVs)'3. In recent years, genome-wide association studies (GWAS) have accumulated millions of data points on
associations between genetic variants and complex diseases or phenotypes'“. In contrast to observational cohort
studies, which are plagued by confounding and reverse causation bias, MR studies are based on instrumental
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variables (i.e., genetic variants) that are randomly distributed according to Mendelian laws of inheritance,
mimicking the randomization process of randomized clinical trials. Thus, MR provides strong evidence to
support causal inferences about the effects of specific exposures on outcomes'’. The present study utilized this
genetic variation as a tool to explore the relationship between lipid levels, adipokines, and MM and to consider
BMI as a risk factor for the development of MM and its correlation with adiponectin levels'®. Several studies have
shown a significant positive correlation between BMI and the development of MM!¢~18, so we first performed a
two-sample Mendelian analysis between BMI and MM to investigate the correlation and considered the role of
BMI in the study of adipokines. In the study of the relationship between lipid levels and MM, we first performed
a univariate MR analysis between the indicators and the outcomes and performed a multivariate analysis of lipid
levels and the risk of MM development to clarify their independent effects on the outcomes.

The purpose of this study was to determine whether lipid levels and adipokines are causally related to the
risk of developing MM by using a two-sample MR approach. We also performed multivariate MR to determine
whether adipokines have a causal effect on the occurrence of MM independent of BMI and applied multivariate
MR to analyze the results of the independent effects of lipid level indicators on MM.

Methods

Study design

This study followed the guidelines for using MR to enhance the reporting of observational epidemiologic
studies®. It began with a two-sample MR on the causal relationship between lipid levels, adipokines, and MM,
in which three main hypotheses were prerequisites. Hypothesis 1 was that genetic variation was significantly
associated with lipid levels or adipokines. Hypothesis 2 was that genetic variants were not associated with any
confounders of the exposure-outcome association. Hypothesis 3 was that genetic variants affect aneurysm risk
only through lipid levels or adipokines. Then, we applied multivariate MR to assess whether BMI moderated the
causal effect of adipokines on MM risk by including BMI as a moderator in the model.

Data sources

Adiponectin, circulating leptin levels, and resistin were chosen as indicators of adipokines, triglycerides, total
cholesterol, HDL cholesterol, and LDL cholesterol as indicators of lipid levels, and multiple myeloma was chosen
as the outcome of this study.

Genetic data for adiponectin, leptin, resistin, BMI, and MM were obtained from publicly available data in
the Integrated Epidemiology Unit (IEU) Genome-Wide Association Study (GWAS) database (Medical Research
Council, University of Bristol, UK) (https://gwas.mrcieu.ac.uk/)zo, whose search codes were “ieu-a-1”, “ebi-
a-GCST90007307%, “ebi-a-GCST90022034”, “ieu-b-40”, and “ieu-b-4957”. Genetic data for adiponectin were
derived from genetic information containing 39,883 mixed-race participants, of which 14 out of 2,675,209 SNPs
were selected as instrumental variables (p <5x1078). Genetic data for circulating leptin levels were obtained
from a study containing genetic information from 56,802 mixed-race participants, of which 6 out 0o£231,001 SNPs
were selected as instrumental variables (p < 5x 107%). Genetic data for resistin came from genetic information
containing 21,758 participants from a European population, of which 13 out of 13,138,697 SNPs were selected as
instrumental variables (p < 5x 1078). Genetic data for BMI came from genetic information containing 681,275
participants from a European population, of which 507 out of 2,336,260 SNPs were selected as instrumental
variables (p <5X 1078). Lipid-related indicators, including TC, HDL-C, LDL-C, and triglycerides, were GWAS
data from a Global Lipids Genetics Consortium (GLGC) study on lipid levels involving 188,577 mixed-race
participants”, in which, Eighty-two of the 2,446,982 SNPS of TC were selected as instrumental variables
(p<5%107%), and 84 of the 2,447,442 SNPS of HDL-C were selected as instrumental variables (p <5x 107%).
73 of 2,437,752 SNPS in LDL-C were selected as instrumental variables (p <5x 107%). Out of 2,439,433 SNPS in
triglycerides, 54 were extracted as instrumental variables (p <5x 1078). Table 1 shows the relevant sources and
information for each exposure or outcome factor (Table 1).

During the screening of instrumental variables, several approaches were used to ensure the quality of
genetic variation associated with exposure factors in the pooled GWAS data. First, we applied a genome-wide

Trait (exposure/end) | Source (of information etc.) ‘ Year ‘ Race (of people) | Distinguishing between the sexes | Samplesize | SNP
Outcome

Multiple myeloma IEU 2021 | European Males and females 372,617 |/
BMI IEU 2018 | European Males and females 681,275 507
Adipokines

Adiponectin IEU 2012 | Mixed Males and females 39,883 14
Leptin IEU 2020 | Mixed / 56,802 6
Resistin IEU 2020 | European / 21,758 13
Lipid Level

TC IEU 2013 | Mixed Males and females 2,446,982 82
HDL-C IEU 2013 | Mixed Males and females 2,447,442 84
LDL-C IEU 2013 | Mixed Males and females 2,437,752 73
TG IEU 2013 | Mixed Males and females 2,439,433 54

Table 1. Data details.
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significance threshold (p <5x1078) to select SNPs associated with the correct exposures. Second, we excluded
SNPs showing total linkage disequilibrium (r?>0.001 and 10 Mb). Third, we removed variants found in the
PhenoScanner database that were associated with potential confounders (e.g., smoking and hypertension)?,
thus satisfying Hypothesis 2. Fourth, we discarded variants identified as outliers by the Mendelian Randomized
Polytomous Residuals and Outliers (MR- PRESSO) test. Finally, to avoid the effect of weak instrumental bias, we
excluded SNPs with F-statistic values less than 10%*. The research process of this study is shown in Fig. 1.

Major mendelian randomization analysis

This study was statistically analyzed using TwoSampleMR in R studio 4.1.1. First, effect values and standard
errors were obtained by selecting IVs (instrumental variables) between IVs and exposure factors and IVs and
outcome metrics, respectively. BMI, adiponectin, circulating leptin levels, resistin, triglycerides, TC, HDL-C and
LDL-C, and MM-related GWAS data were imported into R software and assigned to the exposure and outcome
groups. We performed single SNP analysis for each selected SNP, where MR estimates were calculated using the
Wald ratio method. To confirm that effector alleles were associated with higher levels of exposure, we reconciled
exposure and outcome GWAS data. The main analyses in this study were performed using the IVW and MR-
Egger methods; the IVW method is considered the most efficient due to its maximum statistical power; however,
IVW is biased because it assumes the absence of any horizontal pleiotropy, i.e., the effect of the genetic tool
on the outcome under consideration through pathways independent of exposure?*, The MR-Egger regression
method modifies the IVW method to account for polyvalence bias®* to enhance the stability of the results. The
effect sizes (P) and standard errors corresponded to one standard deviation at each exposure factor level. The
significance threshold was set at a p value of less than 0.05. Scatter plots and trend lines for different two-sample
MR methods were generated to analyze the exposure-outcome relationship, with the slope and direction of the
trend line indicating the magnitude and direction of the causal estimate, respectively. Dominance ratios (ORs),
95% confidence intervals (95% Cls) and p values were derived using IVW and MR-Egger regression. When the
p value for IVW is less than 0.05 and the direction of the results obtained by MR-Egger regression is the same
as the direction of the IVW results, it can be determined that the exposure factor is significantly associated with
the outcome.

Heterogeneity test

Due to data from many different GWAS cohort studies with potential differences between studies, the MR analysis
method may be heterogeneous and lead to biased estimates of causal effects. Cochran’s Q test was therefore used
to assess heterogeneity in IVW and MR-Egger regression®. If the heterogeneity test result P> 0.05 was not
statistically significant, heterogeneity did not affect the study results.

Sensitivity analysis

Additional sensitivity analyses were also conducted. We estimated intercepts and slopes for MR-Egger regressions,
where the intercepts indicate the average horizontal polytomies and the slopes indicate the polytomies-adjusted
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Fig. 1. Flowchart.
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MR estimates. Statistically significant intercept values (p <0.05) indicate the presence of horizontal polytropy?’.
To determine whether individual genetic variants contributed to the association between exposure and outcome,
the study underwent an additional leave-one-out analysis. In leave-one-out analysis, MR was performed by
excluding each SNP exclusion in turn. Horizontal pleiotropy in this study can also be tested by funnel plots,
which, if relatively symmetrical, indicate that there is no significant horizontal pleiotropy.

Multivariate mendelian randomization analysis

Multivariate MR is an extension of MR that is capable of addressing genetic variation associated with multiple
risk factors®. We applied multivariate MR to assess whether BMI modulates the causal effect of adiponectin,
leptin, or resistin on MM risk, using BMI as a moderator. BMI-related data from the Integrated Epidemiology
Unit (IEU) Genome-Wide Association Study (GWAS) database (Medical Research Council, University of
Bristol, Bristol, UK) with code “ieu-b-40” in publicly available data were selected for multivariate MR analysis
with adiponectin, leptin, and resistin to assess whether adipokines adjusted for BMI were causally associated
with MM. Multivariate MR analysis was also used for the correlates of lipid indicators by adjusting for lipid
indicators to clarify the independent effect of the correlates on MM. In all populations, separate multivariate
MR analyses were performed using a “weighted regression-based approach”, which applies IVW to multivariate
regression models®®. The method applied IVW to the multivariate regression model.

Results

GWAS data

Table 1 shows the number of SNPs associated with each exposure factor that were genome-wide significant
(p value<5x1078) after data for each metric were pooled. In univariate analyses, the F-statistics for all traits
exceeded the standard threshold of 10, suggesting that associations of relevant phenotypes with MM are not
affected by bias from weak instrumental variables.

The causal relationship between BMI and MM

Regarding the relationship between BMI and MM, we performed a one-way MR analysis (Table 2). The results
showed a causal relationship between BMI and MM in the IVW method (OR=1.001, 95%CI=1.000-1.001,
P=0.039), and the results of the MR-Egger method were also consistent (OR=1.002, 95%CI=1.000-1.004,
P=0.010). The scatterplot can visualize the above results (Fig. 2). Heterogeneity was assessed using Cochran’s
Q-test, which showed no significant heterogeneity (p=0.922), Egger’s intercept was used to indicate the
reliability of the MR estimates, which showed no significant pleiotropy (p=0.515), and funnel plots were also
able to visualize the results in a way that demonstrated the absence of significant pleiotropy (Fig. 3). The leave-
one-out method verified the reliability of the results by excluding a single SNP for testing, and the results also
indicated the reliability of the existence of causality between BMI and MM (p =0.039). Therefore, the reliability
of the results of MR analysis was high.

Adiponectin has no causal relationship with MM

To investigate the absence of a causal relationship between adiponectin and MM, adiponectin and MM were
first analyzed in a one-way MR analysis (Table 2). The results showed that in the IVW method, adiponectin was
not associated with the risk of MM (OR=0.999, 95% CI=0.998-1.000, P=0.126), and the results of the MR-

Exposure MR analysis | SNPs | P(MR analysis) | OR(95%CI) P(Cochran’s Q) | P(MR-Egger intercept) | p (leave-one-out)
IVW 507 0.039 1.001(1.000—1.001) | 0.922 0.515 0.039

BV MR-Egger 507 0.010 1.002(1.000—1.004)

Adipokines

Adiponectin | IVW 13 0.126 0.999(0.998—1.000) | 0.518 0.767 0.126
MR-Egger 13 0.243 0.999(0.997—1.000)

Leptin vw 6 0.164 1.000(0.999-1.001) | 0.312 0.781 0.164
MR-Egger 6 0.934 1.000(0.999-1.001)

Resistin IVW 11 0.931 0.999(0.999-1.001) | 0.258 0.198 0.931
MR-Egger 11 0.273 0.999(0.998—1.000)

Lipid Level

Tc IVW 82 0.271 1.000(0.999-1.001) | 0.761 0.284 0.271
MR-Egger 82 [0.130 1.000(0.999-1.001)

HDL.C vw 84 0.337 1.000(0.999-1.001) | 0.264 0.921 0.117
MR-Egger 84 0.490 1.000(0.999-1.001)
IVW 73 0.226 1.000(0.999-1.001) | 0.815 0.949 0.337

LpL-C MR-Egger | 73 |0.408 1.000(0.999-1.001)

TG IVW 54 0.853 0.999(0.999—1.000) | 0.173 0.353 0.853
MR-Egger 54 0.521 1.000(0.999-1.001)

Table 2. Results of univariate MR analysis.
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Fig. 2. Scatter plot of BMI.

Egger method also supported the above results (OR=0.999, 95%CI=0.997-1.000, P=0.243). Scatterplots and
forest plots were used to visualize the above results (Figs. 4 and 5). Cochran’s Q-test results show no significant
heterogeneity (p=0.518), Egger’s intercept indicates the reliability of MR estimation, and the results show no
significant multiplicity (p=0.767). Funnel plots also visualize the results in a way that shows that the results
are not significantly multiplicative (Fig. 6). The leave-one-out method also verified the reliability of the results
(p=0.126). Therefore, the reliability of the results of the MR analysis was high.

In turn, we considered a multivariate MR analysis of BMI as a confounder (Table 3), and the results of
the univariate analysis could be confirmed by the results of the multivariate MR analysis, which showed no
significant causal effect of adiponectin on MR (p=0.632, OR=0.100, 95%CI=0.999-1.001), similar to the
results obtained from the univariate MR analysis.

No causal relationship between circulating leptin level and resistin and MM

Univariate MR Analysis of circulating leptin levels and MM showed no significant causal relationship, and
univariate MR Analysis showed IVW results (OR=1.000, 95%CI=0.999-1.001, p=0.164), the MR-Egger
analysis is also consistent with the result (Table 2), the scatter-plot can be visually displayed (Fig. 7) and the
forest map can be used to visualize the result (Fig. 9), and the subsequent sensitivity analysis also confirmed
the stability of the result, while the Egger intercept is not significant (p=0.781) and funnel plot results (Fig. 8)
also suggest that pleiotropy is unlikely to bias the results, increasing the reliability of MR Estimates (Table 2).
In addition, multivariate MR Analyses taking into account BMI did not provide evidence of a causal effect of
circulating leptin levels on MM risk (OR=1.000, 95%CI=0.998-1.001, p=0.987) (Table 3).

MR Analysis did not show the causal effect of resistin on MM risk (OR=0.999, 95%CI=0.999-1.001,
p=0.931). Scatter plots and forest plots were produced to visually show the results (Figs. 10 and 12). Sensitivity
analysis confirmed that there was no causal relationship between resistin levels and MM risk. In addition, the
Egger intercept (p=0.198) indicated that there was no significant pleiotropy in the study results (Table 2), which
could be represented by funnel plot (Fig. 11). In addition, multivariate MR Estimates did not support a causal
effect of resistin levels on MM risk when accounting for BMI (OR=0.100, 95%CI=0.999-1.000, p=0.345)
(Table 3).

No causal link between TC and MM
The findings also showed no significant causal relationship between TC and the risk of MM. One-way MR
analysis showed no causal relationship in IVW and MR-Egger analysis (OR=1.000, 95% CI=0.999-1.000,

Scientific Reports|  (2024) 14:25961 | https://doi.org/10.1038/s41598-024-74838-y nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

1/SE,,

MR Mathod

nerse vanarce weighltedc

MR Egoer
0
.
.
-
. -
.
-
Joo = ®
- L
- b = .
e . N -
. . . . ¢ 5 . .’.
. * .. o . =
& L. a . * o o . &b * .
. - . v . 8% B ‘e
B

Fig. 3. Funnel plot of BMI.

p=0.461; OR=1.000, 95% CI=0.999-1.001, p=0.226). Then, a series of sensitivity analyses were conducted,
and the heterogeneity test also showed no significant heterogeneity in the results (p=0.233). Egger’s intercept
(p=0.329) also indicated that there was no significant multiplicity in the study results. The leave-one-out method
and funnel plot also indicated that the results of this study were reliable (Figs. 13 and 14).

No causal relationship between HDL-C, LDL-C, TG and MM

The results of the study showed no significant causal relationship between HDL-C, LDL-C, TG and the risk of
MM. One-way MR analysis showed no causal effect of HDL-C with MM (OR=1.000, 95%CI=0.999-1.001,
P=0.117), which was verified by MR-Egger’s hair (OR=1.000, 95%CI=0.999-1.001, P=0.361). The Q-test
using Cochran showed no significant heterogeneity (p=0.264), and the use of the Egger intercept showed no
significant multiplicity of results (p=0.921). The leave-one-out method and the funnel plot also showed that the
results were reliable (Figs. 15 and 16).

The IVW results showed that LDL-C was not associated with the risk of MM (OR =1.000, 95%CI =0.999-
1.001, p=0.337), and MR-Mgger yielded corresponding results. Heterogeneity was not found using Cochran’s Q
statistic (p=0.815), the Egger intercept also showed no pleiotropy in the outcome (p =0.949), and the results of
the funnel plot and leave-one-out method also showed the reliability of the outcome (Figs. 17 and 18).

The results of the IVW and MR-Egger methods showed no significant causal relationship between TG and
the risk of MM (OR=0.999, 95%CI=0.999-1.001, p=0.853; OR=1.000, 95%CI=0.999-1.000, p=0.521).
Then, a series of sensitivity analyses were performed using Cochran’s Q statistic (p=0.173), which did not reveal
heterogeneity, Egger’s intercept, which also showed that there was no multiplicity of outcomes (p=0.353), and
leave-one-out and funnel plots, which showed that the results were reliable (Figs. 19 and 20).
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Fig. 4. Scatter plot of adiponectin MR.

Multivariate MR of triglycerides, HDL-C, LDL-C, TC and MM

We also conducted multivariate MR analysis of the causal relationship between triglycerides, HDL-C, LDL-C, TC
and MM, and after considering the role of each exposure factor in generating a relationship on the outcome, the
results of the multivariate MR analysis still showed that there was no significant causality between each exposure
factor and the risk of MM (p =0.200, OR=0.997, 95%CI=0.994-1.001; p=0.118, OR=1.001, 95%CI=0.999-
1.003; p=0.158, OR=0.999, 95%CI=0.999-1.005, p=0.210, OR=1.001, 95%CI=0.999-1.002) (Table 4).

Discussion

This study is the first to explore the causal relationship between BMI, adipokines, and lipid levels and MM
based on MR analysis. The results of this study respond to the long-term effects of genetically controlled BMI,
adipokines, and lipid levels on MM, which are not influenced by short-term or other confounding factors. The
present MR study found that there is a causal relationship between BMI and MM, but there are no data to
support a causal relationship between adipokines, lipid levels and MM.

Obesity is strongly associated with the development of many malignant tumors?, as studies have shown.
Obesity is one of the important predisposing factors of MM*17:2%-31. Monoclonal gammopathy of undetermined
significance (MGUS) is a precancerous plasma cell malignancy that occurs before MM?2. Studies have shown
that patients with MM have a higher cross-sectional area of abdominal adipose tissue and higher metabolic
activity of adipose tissue than patients with MGUS, implying that adipose tissue plays a role in the progression
of MGUS to MM?33. Moreover, some studies have found that obesity increases the mortality rate of MM,
Currently, obesity is mainly measured by metrics such as BMI. Elevated BMI is associated with the progression
of MM and its high mortality rate>3¢. However, some scholars still hold different opinions on the correlation
between the two®”%. In this study, MR analysis was performed again to investigate the relationship.

The mechanisms underlying the correlation between obesity and MM have not been established*. The role of
adipokines is one of the mechanisms by which obesity affects cancer, and adipose tissue hypoxia triggers changes
in adipokine levels that may be associated with the progression of various cancers®*!. Adipose tissue is the
largest known endocrine organ and can secrete more than 50 adipokines*?. Adipose tissue is the largest known
endocrine organ, secreting more than 50 adipokines. It has been shown that adipocytes support the survival
of MM cells and promote migration. This effect is mainly associated with the level of adipokines secreted by
adipocytes*>**. The study of whether adipokines are the cause of MM is still in the exploratory stage. In this
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Fig. 5. Funnel plot of adiponectin MR.

study, adiponectin, leptin, and resistin were selected to investigate whether adipokines are causally involved in
the development of MM.

Adiponectin is the most abundant adipokine secreted by adipose tissue, with higher secretion by bone
marrow adipose tissue, and may be promoted to increase in many adverse conditions*. Adiponectin binds to
receptors and is involved in physiopathological processes such as insulin sensitization, lipid metabolism, energy
regulation, inflammation and cancer development?® and is often considered a beneficial adipokine. Studies
have shown that adiponectin is associated with the development of MM*’. Hofmann’ found in a pooled study
of seven cohorts that patients with MM had lower serum adiponectin levels than controls. In addition, they
stratified the samples according to BMI and observed that adiponectin levels in overweight subjects or obese
subjects were negatively associated with MM risk. Related mechanistic findings revealed that AKT is an enzyme
critical for MM cell proliferation and survival and that adiponectin induces the proliferation and apoptosis of
MM cells through the PKA/AKT pathway*®. Moreover, enhanced adipogenic activity is essential for maintaining
cell membrane integrity in rapidly proliferating cancer cells®. Inhibition of adipogenesis by adiponectin
mediates the antiproliferative effects of adiponectin in MM cells. Adiponectin is PKA/AMPK-dependent and
exerts its antiproliferative effects by downregulating the key lipogenic enzyme ACC through this pathway to
induce cell cycle arrest and apoptosis in MM cells*3. In addition, adiponectin activates AMPK in several cell
lines by increasing p53 and p21 expression, and AMPK interferes with cell growth signaling through mTOR,
thereby inhibiting cancer progression®’. AMPK interferes with cell growth signaling through mTOR, thus
inhibiting cancer progression. In summary, decreased adiponectin levels may be associated with an increased
risk of MM development. However, this study found no significant causal relationship between adiponectin and
MM. Instead, studies have shown that elevated BMI is associated with an increased risk of MM?®. There was a
negative correlation between serum adiponectin and BMI, and after considering the modifying effect of BMI,
there was still no causal relationship between adiponectin and MM risk. The mechanism of the relationship
between adiponectin and MM still needs to be further explored, and medullary tumor type, different stages, risk
stratification and tumor heterogeneity may be the reasons for the inconsistent results.

Leptin has an important role in the control of many physiological processes, including hormone production,
blood pressure, reproduction, osteogenesis, hematopoiesis, angiogenesis, and immunity’!. Leptin has
direct and indirect biological effects on the regulation of cancer proliferation, metastasis, angiogenesis and
chemoresistance®'. Existing studies on the relationship between leptin and MM remain contradictory, and a
study that included 14 patients with MM and 25 healthy controls showed that serum leptin levels were higher in
the MM group (than in healthy controls)®* Liu et al.>* conducted a meta-analysis in 2021 showing higher leptin
concentrations in MM patients than in controls. However, Hofmann et al.>* studied serum leptin levels in 174
patients (10.01 +2.64 ng/mL) and 348 controls (9.60+2.71 ng/mL) in the United States between 1993 and 2001

Scientific Reports |

(2024) 14:25961 | https://doi.org/10.1038/s41598-024-74838-y nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

ks

L

*

. - *
' ' J ' '

MA effec! sawe for
Adgoredin || Kdoeu-e-1" on Mullighe ssysioma | o seu-0-405T

Fig. 6. Forest plot of adiponectin MR analysis.

BMI adjusted | Number of SNPs | Beta SE P OR (95% CI)

Adiponectin 4 —0.0002 | 0.0005 | 0.632 | 0.999 (0.998-1.001)
Leptin 3 1.65E-05 | 0.0010 | 0.987 | 1.000 (0.998-1.001)
Antibiotic 4 —0.0003 | 0.0003 | 0.345 | 0.999 (0.999—1.000)

Table 3. Results of MVMR analysis of adipokines after considering BMI.

and found that the difference was not statistically significant. Studies on the mechanisms associated with leptin
and MM have shown that upregulation of leptin levels stimulates the proliferation of MM cells and reduces
the antitumor effects of chemotherapy through activation of the AKT/STAT 3 pathway™. It also promotes the
expression of autophagy proteins through the IAK/STAT 3 pathway and exerts antiapoptotic effects in MM
cells*®. It can also promote the expression of autophagy proteins through the IAK/STAT3 pathway and exert
antiapoptotic effects in MM cells. An in vitro experiment showed that leptin induced modification of gene
expression, which enhanced the growth and viability of MM cells'. In an in vitro experiment, leptin was shown
to induce modifications in gene expression, thereby enhancing MM cell growth and viability. However, the
present study showed no obvious causal relationship between leptin and MM, and the correlation between the
two remains to be further explored. The mechanism of leptin’s effect on MM is more in the reduction of the
effect of chemotherapy, so it is related to the progression of MM and has less effect on the development of MM.
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Fig. 7. Scatter plot of leptin MR analysis.

The present study also did not find a causal relationship between resistin levels and MM. Resistin is
highly expressed in bone marrow and is involved in insulin resistance, inflammation, immune regulation and
cancer development™. A study including 73 MM patients and 73 controls showed that low circulating resistin
concentrations were associated with MM risk®. However, a meta-analysis of seven studies including 367 MM
patients and 524 controls®* showed no significant difference in circulating resistin levels between the two groups.
The role of resistin in MM is complex, with some studies suggesting that it is a protective adipokine, and Pang et
al.*® found that resistin abrogates chemotherapy-induced apoptosis in myeloma cells by inhibiting chemotherapy-
induced cysteine asparaginase cleavage, thereby enhancing multidrug resistance in MM. However, low resistin
levels may also increase the risk of MM development®. Although research on the relationship between resistin
and MM is still in its infancy, drugs targeting resistin may be a potential way to prevent or overcome multidrug
resistance in multiple myeloma™.

Lipids play an important role in cell growth and proliferation, and evidence suggests that abnormal lipid
metabolism promotes cancer development, invasion, and metastasis through multiple signaling pathways®®6!.
Serum lipid levels are associated with future cancer risk, including breast and prostate cancer®. Therefore, lipid
metabolism has emerged as a new target for cancer prevention and treatment. However, the significance of
altered lipid metabolism in MM pathophysiology is unclear. There is a link between cholesterol metabolism
and cancer®. Some studies have shown that MM patients have significantly lower levels of TC, LDL-C, HDL-C
and TG%%. Sato et al.®® demonstrated that cholesterol is needed for the growth of mouse myeloma cells under
serum-free conditions. In another study, Li et al.* also confirmed this finding. In a clinical study, Scolozzi et
al.”® found a negative correlation between TC and MM stage in 41 patients with MM. Quesney Huneeus V!
found that mevalonate, a precursor of cholesterol, provides the structural cholesterol that allows cells to pass
through the G1 phase to the S phase in the cell cycle, which is essential for malignant cell proliferation. However,
the specific mechanism of cholesterol and MM has not been clearly investigated. In hematologic malignancies,
there is an interaction between chronic low-grade inflammation morbidity, dyslipidemia, and oxidative stress.
The decreased levels of HDL-C in patients with MM may be due to the protective effect of HDL-C against MM
through antioxidant and anti-inflammatory properties’2. Inflammatory pathways activated by immune factors
and genetic alterations affecting oncogenes are part of the mechanism leading to carcinogenesis’>. HDL-C may
inhibit myeloproliferation and leukocytosis by reducing the proliferation of granulocyte-monocyte progenitor
cells and interleukin-3 in bone marrow cells”4”>. HDL-C can inhibit bone marrow proliferation and leukocytosis
by reducing the proliferation of granulocyte-monocyte progenitors and interleukin-3 in bone marrow cells. It
has been observed that’® LDL-C has an antimyeloma cell apoptotic effect in MM patients. Meanwhile, Hungria
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Fig. 8. Funnel plot of leptin MR analysis.
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Fig. 10. Scatter plot of resistin MR analysis.

et al.%” using cholesterol-rich microemulsions demonstrated increased plasma LDL clearance in MM patients,
which in turn led to low LDL-C and TC. Yavasoglu et al.”” also found hypocholesterolemia in MM patients due
to increased LDL clearance and cholesterol utilization by myeloma cells. This evidence suggests that LDL-C may
have a role in the development of MM. In contrast, the present study found no significant causal relationship
between TC, HDL-C, LDL-C, TG and MM after MR analysis based on univariate and multivariate lipid levels.
This may be related to the correlation between cholesterol levels and MM staging, in which hypocholesterolemia
has been considered more as a consequence than a cause of MM in existing studies’8, which was laterally
confirmed in the present study.

This MR analysis adequately assesses the validity of each MR hypothesis. The consistency of the results of
different MR statistical methods reveals the robustness of our conclusions. In this study, we did not manually scan
selected SNPs in PhenoScanner for potential secondary phenotypes. The small number of SNPs in adipokines
after extraction and harmonization made the reliability of the results slightly thin. Moreover, the pathogenesis
and etiology of MM is complex and has not been fully elucidated. Therefore, excluding SNPs that may be
associated with other traits may result in a large bias. In this case, the analysis of all selected IVs was considered
credible based on previous similar studies and opinions”*%. Although the exclusion restriction hypothesis could
not be fully tested, it could be partially verified by multiple sensitivity analysis methods. We did not observe any
evidence of heterogeneity or horizontal pleiotropy. Therefore, the likelihood of violating the MR hypothesis was
low in our study. In addition, we still did not find a clear causal relationship after considering the adjusting role of
BMI in this context. Regarding the study of lipid levels, after performing univariate MR analysis, we performed
multivariate MR analysis to clarify the independent effects of each exposure factor on MM, but the results still
did not find that a causal relationship existed.

In this study, in addition to the limitation that only a few SNPs were selected as IVs, most genetic variants
had a relatively limited effect on specific exposures, such as adipokine levels, as they may only explain a small
portion of the variance in that exposure. It is important to note that there are other factors besides BMI that
affect adipokine levels, such as diet, exercise, and lipid levels®!#2. However, BMI is the main determinant because
the above factors are correlated with BMI. In addition, BMI can be easily measured in large cohorts, and there
is a large amount of GWAS data available. BMI was also chosen based on its major relevance as a known risk
factor for MM. In studies of lipid levels and MM, the results are more reliable because of the larger GWAS data.
However, both univariate and multivariate MR analyses showed no significant causal relationship. It is possible
that the etiology and mechanisms of MM are too complex and that the several phenotypes studied thus far do
not act directly on MM to produce a causal effect. Therefore, the exploration of the etiology and risk factors for
MM still needs to be continued.

Conclusions
The evidence provided in this study suggests that adipokines (adiponectin, leptin, resistin) and lipid levels (TC,
HDL-C, LDL-C, TG) may not have a causal effect on MM at the genetic level, and these studies help us to
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Fig. 12. Forest plot of resistin MR analysis.

objectively validate previous observational studies. However, this result is not completely conclusive, and the
above findings should be verified by more studies. This study further deepens the exploration and understanding
of the pathogenesis and etiology of MM.

Scientific Reports|  (2024) 14:25961 | https://doi.org/10.1038/s41598-024-74838-y nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

MR Method
Inverse variance weighted
MR Egger
.
1500 -
=
o .
~—
s
1000 -
°
.
Y o
. °
° = °
500 g ' ' ' ' ' '
-0.001 0.000 0.001 0.002 0.003 0.00
Biv

Fig. 11. Funnel plot of resistin MR analysis.
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Fig. 13. Scatter plot of TC MR analysis.
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Fig. 17. Scatter plot of LDL-C MR analysis.
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Fig. 18. Funnel plot of LDL-C MR analysis.
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Fig. 19. Scatter plot of TG MR analysis.
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Exposure | Number of SNPs | Beta SE P OR(95%CI)
TC 49 —0.0023 | 0.0018 | 0.200 | 0.997(0.994-1.001)
HDL-C |49 0.0012 | 0.0007 | 0.118 | 1.001(0.999-1.003)
LDL-C |40 0.0021 | 0.0015 | 0.158 | 1.002(0.999-1.005)
TG 28 0.0009 |0.0007 | 0.210 | 1.001(0.999-1.002)

Table 4. MVMR analysis of lipid levels and MM.
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