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Abstract
Background The role of hemoglobin (HGB) in common malignant tumors remains unclear.

Methods A retrospective analysis was conducted to identify the correlation between HGB levels and risk of 15
malignant tumors using 50,085 samples from the National Health and Nutrition Examination Survey. Mendelian
Randomization analyses (MRAs) were performed based on genome-wide association study data to assess the causal
relationship between HGB levels and these malignant tumors using more than 700,000 samples. The robustness

of the MRA results was confirmed through various analytical methods. Fifty-six in-house samples were used to
investigate the correlation between HGB levels and the prognosis in prostate cancer (PRCA) using the Kaplan-Meier
curve.

Results High HGB levels were associated with a higher risk for patients with cervix cancer, melanoma, and non-
melanoma skin cancer (OR>1.000, p <0.05). It served as a protective factor for colon cancer, esophagus cancer,
stomach cancer, bone cancer, lung cancer, renal cancer, and PRCA (OR < 1.000, p < 0.05). Furthermore, MRAs suggested
that elevated HGB levels were correlated with a reduced risk of PRCA (OR=0.869, p < 0.05), with no significant
association observed between this marker and the remaining 14 malignant tumors. No pleiotropy or heterogeneity
was found in the ultimate results for MRAs (p-values > 0.05), suggesting the robustness of the results. The results
derived from the in-house data revealed a relationship between higher HGB values and a more favorable prognosis in
PRCA (p<0.05).
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Conclusion High circulating HGB levels may play a protective prognostic role for PRCA and serve as a protective

factor against the occurrence of PRCA.

Keywords Cancer, Risk factor, Biomarker, Mendelian randomization analysis

Introduction

Tumors pose a significant global health concern and are
among the leading causes of death worldwide, second
only to cardiovascular diseases. Each year, millions of
people receive a tumor diagnosis, and millions more suc-
cumb to this disease [1]. While prognosis varies across
different types of tumors, patients diagnosed in later
stages generally have a poorer prognosis than those diag-
nosed at early stages [2—4]. Further, clinical approaches
such as surgical interventions offer more apparent ben-
efits for early-stage tumor patients [2—4]. Therefore, early
identification of potential tumor patients is crucial, mak-
ing the exploration of biomarkers particularly important.

Among the various clinical testing methods available,
the blood routine test is increasingly garnering the atten-
tion of healthcare professionals due to its advantages of
simplicity, rapid execution, and cost-effectiveness. Recent
studies have indicated that alterations in certain common
indicators in the blood routine test might serve as caus-
ative factors in tumor development, with their irregulari-
ties potentially aiding in the identification of individuals
at risk of cancer. For instance, in comparison to healthy
control groups, patients diagnosed with colorectal cancer
may exhibit elevated levels of eosinophils and lympho-
cytes [5]. The increase in elevated eosinophil and lym-
phocyte levels is directly correlated with a heightened
susceptibility to colorectal cancer [5]. Likewise, a rise in
platelet count has been associated with an increased lung
cancer risk [6]. Individuals with high hemoglobin (HGB)
levels are less likely to develop bladder cancer (BLCA),
with high HGB serving as a protective prognostic factor
[7, 8]. These research findings underscore the significant
importance of hematological indicators, such as HGB, in
the early detection of tumors. Nevertheless, there exists
a gap in current research that investigates the specific
correlation between changes in hematological indicators
and different types of human tumors. Furthermore, exist-
ing studies predominantly concentrate on exploring the
connection between various types of white blood cells
and cancer patients, while the understanding of the rela-
tionship between HGB and tumors remains limited. This
underscores the necessity for further research in this par-
ticular domain.

This study aims to explore the association between
HGB and 15 common human malignancies through a
retrospective analysis and a Mendelian randomization
analysis (MRA). Firstly, we conducted a preliminary
exploration of the potential association between HGB
and the 15 malignancies using large-scale data from

the National Health and Nutrition Examination Survey
(NHANES). MRA is a method that utilizes instrumen-
tal variables (IVs), particularly single nucleotide poly-
morphisms (SNPs), to assess whether an exposure factor
influences specific outcomes. Therefore, by utilizing data
from genome-wide association studies (GWAS) and
the MRA approach, we analyzed the causal association
between HGB and these malignancies.

Materials and methods

Study design

This study aims to investigate the causal relationship
between HGB levels and the 15 most common types of
malignant tumors in humans (Fig. 1). These tumors col-
lectively account for approximately 70% of all human
tumors, including the most prevalent malignancies
across most of eight biological systems [9]. The study is
divided into three parts. The first part involves an obser-
vational study that utilizes data from the NHANES to
assess the association between HGB levels and malignant
tumors. In the second part, this study explores the causal
relationship between HGB levels and the risk of develop-
ing the 15 types of malignant tumors using GWAS data.
Several key questions need to be clarified: (1) whether
the IVs used for MRA affect HGB, thereby influencing
the occurrence of malignant tumors; (2) whether these
IVs are unrelated to known confounding factors associ-
ated with malignant tumors; (3) whether the IVs have
no direct relationship with the risk of malignant tumors
[10]. The third part is the investigation of the correla-
tion between HGB levels and the prognosis of patients
with prostate cancer (PRCA) using an in-house cohort.
The study was approved by the Ethics Committee of the
First Affiliated Hospital of Guangxi Medical University
(GXMU-FAH) (No. 2023-E605-01).

Data collection for observational study

For the observational study section, we employed the
NHANES database, a nationally representative survey of
the United States population. This database comprises an
interview conducted at the participant’s residence, along
with pertinent information on demographics, clinical
examinations, and laboratory results. Our study included
only individuals who met the inclusion criteria: age of 20
years or older, participation in the survey between 1999
and 2020, and provision of definitive information on their
cancer status. We collected data on variables such as
HGB levels, cancer status, and demographics, including
age and gender.
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Fig. 1 An overview of this study

Collection of GWAS data

This study utilized data downloaded from the FinnGen
database in the IEU Open GWAS project (https://gwas.
mrcieu.ac.uk/) to investigate the causal relationship
between HGB levels and the risk of malignant tumors
using MRAs. The exposure cohort used in this study is

labeled as “ebi-a-GCST90002310” [11], which comprises
563,946 samples and includes 46,755,983 SNPs from
European populations. Fifteen outcome cohorts, all con-
sisting of European populations, were examined to corre-
spond with 15 distinct types of malignant tumors. These
include: (1) myeloid leukemia (related to the circulatory
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system); (2) colon cancer, esophageal cancer, and stom-
ach cancer (associated with the digestive system); (3)
thyroid cancer (pertaining to the endocrine system), (4)
multiple myeloma and malignant plasma cell neoplasms
(related to the motor system); (5) brain cancer (associated
with the nervous system); (6) cervix cancer and PRCA
(for the reproductive system); (7) lung cancer (related to
the respiratory system); (8) BLCA and renal cancer (con-
cerning the urinary system); (9) breast cancer, melanoma,
and non-melanoma skin cancer (from other sources).

Selection of IVs

SNPs closely associated with HGB were carefully selected
as IVs for MRAs. The IVs chosen for this study met the
following criteria: First, SNPs had to show a signifi-
cant association with HGB, with a p-value threshold of
<5*107%. Second, the selected SNPs had to show a strong
correlation with HGB, indicated by an F-test value higher
than 10. Third, SNPs had to be randomly distributed and
not in linkage disequilibrium, ensuring an R? value of less
than 0.001 within a 10,000-kb clumping distance. Fourth,
I'Vs had to have no direct relationship with the outcome
variable, namely the status of malignant tumors, with a
p-value greater than 5*107°. Fifth, IVs associated with
confounding factors contributing to common cancers
were excluded based on a Phenoscanner [12] database-
identified p-value lower than 1*10~%,

MRAs and their evaluation methods
Three MRA methods were used to explore the potential
causal relationship between HGB and cancer risk: inverse
variance-weighted (IVW), Mendelian randomization-
Egger (MR-Egger), and weighted median (WM) methods.
IVW was the primary method for evaluating the results,
while MR-Egger and WM were used to assess the robust-
ness of the IVW results. HGB may be considered a risk or
protective factor for cancer occurrence if the IVW analy-
sis results are statistically significant and trends observed
from the other two methods are consistent with IVW.

In order to assess the robustness of the MRA results,
a variety of methods were employed. Scatter plots and
Egger regression statistical test were utilized to evaluate
potential horizontal pleiotropy. Additionally, funnel plots
and Cochran’s Q statistic test were employed to identify
any heterogeneity in the SNP data. Furthermore, leave-
one-out analysis was conducted to determine whether
individual SNPs impacted the MRA effect. If a cancer
exhibited unstable results in the leave-one-out analysis,
additional cohorts sourced from the IEU Open GWAS
project were collected and utilized to perform replicated
MRAs for those specific cancers, employing the same
processes outlined above.
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Collection of in-house data

An in-house GXMU-FAH cohort was collected to inves-
tigate the correlation between HGB levels and the prog-
nosis of patients with PRCA. The inclusion criteria for the
cohort were as follows: (1) patients admitted to GXMU-
FAH between November 1, 2020, and October 31, 2021;
(2) patients undergoing their initial surgery for PRCA at
GXMU-FAH; (3) pathological confirmation of PRCA in
the surgical specimen; (4) Availability of complete TNM
staging (the eighth edition) information. Exclusion crite-
ria were: (1) previous treatment for PRCA, including che-
motherapy; (2) age under 20 years old.

Other statistical analysis

Baseline information of NHANES samples was plotted
using the Tableone package in R (version 4.1.0). Logistic
regression was used to analyze the correlation between
HGB and the 15 types of malignant tumors in NHANES
data. For the GXMU-FAH cohort, Kaplan-Meier curves
and log-rank tests were employed to investigate the
correlation between HGB levels and the prognosis
of patients across various TNM stages. The grouping
threshold for the high-HGB and low-HGB groups was
determined by the survminer package using maximally
selected rank statistics. All analyses in this study were
performed using R (version 4.1.0) and relevant packages,
including the TwoSampleMR [13], dplyr, survival, and
survminer packages.

Results

Data used in this study

Three sources of data were used for this study. In detail,
3551 malignant tumor samples and 46,534 healthy indi-
vidual samples were collected from NHANES for obser-
vational analysis. As shown in Table 1, the mean age of
these individuals from the NHANES ranged from 47.24
to 73.74 years old, with most of them being females.
As illustrated in Supplementary Material 1, the study
included 35,850 cancer cases and more than 200,000 con-
trol individuals from the IEU Open GWAS project for the
original MRAs. Furthermore, an additional four cohorts,
comprising 6606 cancer cases and more than 460,000
controls, were collected from the IEU Open GWAS for
the replicated MRAs. Fifth-six samples were obtained
from GXMU-FAH and were utilized to investigate the
relationship between HGB levels and prognosis in PRCA.

Correlation between HGB and 15 malignant tumors using
NHANES data

A retrospective analysis was conducted using NHANES
data. Table 2 presents the results, indicating that increas-
ing age was found to be associated with an increased
risk of 13 out of 15 types of malignant tumors (excluding
brain cancer and cervix cancer), with a per 1-standard



Li et al. BMC Cancer (2024) 24:755

Table 1 The demographic data of cohorts from National Health
and Nutrition Examination Survey
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Table 2 The associations of hemoglobin with cancer risk using
cohorts from National Health and Nutrition Examination Survey

Category Age Female  Male (%) HGB
(meanz*SD), (%) (mean*SD),
years g/dL

Bladder cancer  73.74+9.09 23(21.50) 84 (7850) 14.16+1.80

Blood cancer 63.78+1624 3(3330) 6(66.70) 1397+154

Bone cancer 6138+£1926 11(4230) 15(57.70) 1298+2.19

Brain cancer 5474+1768 9(4740) 10(52.60) 14.05+0.85

Breast cancer 6748+1185 693 1(0.10) 13.35+1.26
(99.90)

Cervix cancer 4724+1510 320 0 (0.00) 13.62+1.30
(100.00)

Colon cancer 71.00+11.28 137 152 13.70+£1.42
(47.40) (52.60)

Esophagus 68.50+£11.08 6(30.00) 14 (70.00) 13.18+2.13

cancer

Kidney cancer ~ 6879+1320 26(30.20) 60 (69.80) 13.77+1.66

Lung cancer 6796+£1169 48(43.20) 63(56.80) 13.65+1.39

Melanoma 66.27+1395 133 163 1420+ 144

cancer (44.90) (55.10)

Prostate cancer 72.62+7.97 0 (0.00) 707 14.16+1.53

(100.00)

Non-melanoma 6749+1323 323 411 14.24+1.39

skin cancer (44.00) (56.00)

Stomach cancer 64.23+14.18 20(57.10) 15(42.90) 13.02+1.65

Thyroid cancer  55.87+13.65 79(80.60) 19(19.40) 13.58+1.29

Healthy control  48.11+17.64 24,085 22,449 14.10+157
(51.8) (48.2)

deviation (SD) odds ratio (OR) increase ranging from
1.02 to 1.13. These differences were statistically signifi-
cant (p<0.05). Male patients exhibited a higher risk of
colon cancer, esophagus cancer, bone cancer, lung can-
cer, bladder cancer, and renal cancer, with a per 1-SD
OR increase ranging from 1.35 to 3.97 (p<0.05, Table 2).
However, male patients had a lower risk of thyroid can-
cer and breast cancer, with a per 1-SD OR less than 1
(p<0.05, Table 2).

Furthermore, high HGB levels were associated with
a higher risk for patients with cervix cancer, mela-
noma, and non-melanoma skin cancer (per 1-SD OR
increase=1.12-1.29, Table 2). Conversely, it served as a
protective factor for seven types of malignant tumors,
including colon cancer, esophagus cancer, stomach can-
cer, bone cancer, lung cancer, renal cancer, and PRCA,
with a per 1-SD OR ranging from 0.64 to 0.93 (p<0.05,
Table 2).

Identification of the IVs

According to the established criteria mentioned earlier,
IVs for MRAs were selected (Supplementary Material
2). Initially, 491 SNPs related to HGB were preliminar-
ily screened based on their p values and R* values. Sub-
sequently, 310 SNPs that exhibited a strong correlation
with HGB were identified, with an F value greater than

System Odds ratio (95% confidence interval)
Cancer Age Gender HGB
(male vs.
female)
Circulatory  Blood cancer  1.05 246 0.90
system (1.01-1.10) (0.57-12.66) (0.60-1.44)
Digestive Colon cancer  1.09 1.35 0.92 (0.85—
system (1.08-1.11) (1.05-1.72)" 099
Esophagus 1.07 377 0.69 (0.54-
cancer (1.04-1.11) (147-1090)" 0.89)"
Stomach 1.05 1.25 0.69 (0.57-
cancer (1.03-1.07) (061-2.52)  085)°
Endocrine  Thyroid 1.02 0.26 0.99
system cancer (1.01-1.04) (0.15-044)" (0.86-1.16)
Motor Bone cancer  1.04 2.60 0.64 (0.53-
system (1.01-1.06) (115-6.07)" 080)"
Nervous Brain cancer  1.02 (1.00-1.05) 1.25 0.96
system (0.44-3.59) (0.71-1.36)
Reproduc-  Cervix cancer  1.00 (0.99-1.00) / 1.29 (1.17-
tive system 141)
Prostate .1 / 0.93 (0.88-
cancer (1.10-1.12) 0.98)"
Respiratory Lungcancer  1.07 1.71 0.85 (0.76—
system (1.06-1.09)" (1.15-2.56)" 0.97)"
Urinary Bladder 1.13 397 1.04
system cancer (1.10-1.15)" (249-656)" (0.91-1.18)
Renal cancer  1.08 299 0.85(0.75—
(1.06-1.10)" (1.86-4.93)" 098)°
Others Breast cancer 1.07 <0.01 1.02
(1.07-1.08) (0.00-0.01)"  (0.96-1.08)
Melanoma 1.07 1.15 1.12(1.03-
(1.06-1.08) (0.89-149) 122)
Non-mela- 1.08 1.16 1.15(1.09-
noma skin (1.07-1.08) (099-137) 1.21)
cancer

Note: Odds ratio was calculated using the logistic regression analysis. ‘p<0.05

10. These 310 SNPs were then input into PhenoScan-
ner, which revealed that 35 of them were associated with
known confounding factors such as smoking, drinking,
obesity, cancer, tumors, leukemia, multiple myeloma,
lymphoma, and melanoma (Supplementary Material 3)
[14-16]. Ultimately, 275 SNPs were identified to be used
as IVs in the subsequent MRA.

MRAs of HGB on cancer risk

The study utilized MRAs based on IVs to investigate
causal associations between HGB levels and the risk of 15
types of malignant tumors from nine sources, including
eight human biological systems and other sources. The
primary MRA method (IVW) revealed that increased
HGB was only associated with a reduced risk of PRCA
in the reproductive system. Specifically, for each 1-SD
increase in HGB, the risk of PRCA decreased by 13.1%
(OR=0.869, 95% CI: 0.770-0.981, p<0.05, Fig. 2). This
finding was further supported by the results of MR-Egger
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System/Cancer P value
Circulatory system

Myeloid leukaemia 0.793
Digestive system

Colon cancer 0.571

Oesophagus cancer 0.653

Stomach cancer 0.459
Endocrine system

Thyroid cancer 0.616
Motor system

MM and MPCN 0.488
Nervous system

Brain cancer 0.234
Reproductive system

Cervical cancer 0.618

Prostate cancer 0.023*
Respiratory system

Lung cancer 0.682
Urinary system

Bladder cancer 0.938

Renal cancer 0.774
Others

Breast cancer 0.406

Melanoma 0.916

Odds ratio (95% CI)
1.067 (0.658-1.731)
0.943 (0.770-1.155)
1.127 (0.669-1.898)
0.884 (0.639-1.225)
1.072 (0.818-1.404)
1.123 (0.809-1.558)

0.793 (0.542-1.161)

1.052 (0.863-1.282)
0.869 (0.770-0.981)

1.045 (0.848-1.288)

0.990 (0.768-1.277)
0.963 (0.742-1.248)

0.958 (0.866-1.060)
1.023 (0.676-1.546)

Page 6 of 12

—o g
ey
o
|
e
|
—e—l-
oy
re{
e
|
)
e
|
et
e

Non-melanoma skin cancer 0.107

0.923 (0.837-1.017)

13

| | | |
00 05 10 15 20

Fig. 2 Associations of higher hemoglobin (HGB) with human cancers using Mendelian randomization analyses (inverse-variance weighted method). MM
and MPCN, multiple myeloma and malignant plasma cell neoplasms. 95% Cl, confidence interval. 'p < 0.05

(Supplementary Material 4) and WM analyses (Supple-
mentary Material 5), where the OR values were greater
than 1. However, similar results were not observed for
the other 14 types of malignant tumors (p>0.05, Fig. 2).

Evaluation of MRAs results

The study employed a series of methods to assess the
robustness of MRAs results. The findings suggest that the
scatter plot indicates a trend where the impact of SNPs
on HGB tends towards 0, and their impact on 15 types of
malignant tumors also tends towards O (Fig. 3), signify-
ing no apparent evidence of detectable pleiotropy. Addi-
tionally, Egger regression statistical tests did not identify
statistically significant pleiotropy (all p-values>0.05;

Supplementary Material 6), indicating an absence of plei-
otropy in the effects of SNPs on both HGB and 15 types
of cancer.

Figure 4 displays a symmetric distribution of the SNPs
involved in the analysis of 15 types of malignant tumors
in the funnel plot, suggesting no evident heterogeneity
among these SNPs. Furthermore, an objective Cochran
Q test revealed no heterogeneity among the SNPs in
the MRAs of 14 types of malignant tumors (p>0.05),
except for stomach cancer (Supplementary Material 7).
Although significant heterogeneity was observed among
the SNPs related to stomach cancer (p<0.05; Supple-
mentary Material 7), the effect of heterogeneity on the
conclusions based on the IVW method is limited [17],
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Fig. 3 Scatter plots illustrating the effects of single nucleotide polymorphisms on hemoglobin and cancers

indicating the reliability of the MRAs results for stomach
cancer.

The leave-one-out analysis results, as demonstrated in
Supplementary Material 8, suggest that individual SNPs
had no significant impact on the causal relationship
between HGB and 11 types of malignant tumors (such as
PRCA). However, some SNPs (19 for BLCA, 11 for mel-
anoma, 1 for myeloid leukemia, and 1 for renal cancer)
may affect the causal relationship between HGB and the
risk of four types of malignant tumors (Supplementary
Material 8). Therefore, the current findings for the four
cancers need to be interpreted with caution. To address
this issue, further MRAs were conducted based on addi-
tional data.

Repeated MRAs on the effect of HGB on four cancers

Using four additional cohorts (Supplementary Material
9) sourced from the IEU Open GWAS project, MRAs
were replicated for BLCA, melanoma, myeloid leuke-
mia, and renal cancer. The results indicated no signifi-
cant causal relationship between HGB levels and the
four types of cancer (p>0.05, Fig. 5A). Neither the scat-
ter plots (Fig. 5B) nor the Egger regression analyses (with
p-values>0.05, Supplementary Material 10) indicated
significant pleiotropy. Additionally, funnel plots (Fig. 5C)

and Cochran Q tests (p>0.05, Supplementary Material
11) detected no heterogeneity in the MRA findings for
BLCA, melanoma, myeloid leukemia, and renal cancer.
As illustrated in Supplementary Material 12, none of the
individual SNPs had a significant impact on the MRA
results. Consequently, these findings do not identify the
causal correlation between elevated HGB levels and an
increased risk of BLCA, melanoma, myeloid leukemia,
and renal cancer, which is consistent to the results shown
in Fig. 2.

Further investigation on the correlation between HGB and
prognosis of PRCA

Recognizing HGB as a protective factor against PRCA
occurrence, this study further investigated the correla-
tion between HGB levels and the prognosis of patients
with PRCA based on the in-house cohort. The GXMU-
FAH cohort consisted of 56 male patients diagnosed with
PRCA, aged between 49 and 83 years (Fig. 6A). Among
them, 27 patients were at stage I, while the remainder
were at stages II-IV (Fig. 6A). The Kaplan-Meier curve
illustrates that patients in the high HGB group had signif-
icantly better overall survival than those in the low HGB
group (p<0.05, Fig. 6B). Stratified analysis indicated that
both stage I and stages II-IV patients with PRCA in the
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Fig. 4 Funnel plots for detecting heterogeneity among single nucleotide polymorphisms for Mendelian randomization analyses

high HGB group had a more favorable prognosis com-
pared to those in the low HGB group (p<0.05, Fig. 6C
and D). Hence, HGB may function as a protective factor
for the prognosis of patients with PRCA.

Discussion

Tumors pose a significant threat to human health, making
it imperative to investigate factors contributing to their
onset and protection. Understanding these factors can
inform the development of effective prevention and con-
trol strategies. This study aims to examine the association
between HGB levels and 15 common malignant tumors
originating from various human body systems and
sources, using both retrospective analysis and MRAs. Ini-
tially, a retrospective analysis was conducted using a large
sample (7=50,085) from the NHANES database, reveal-
ing a linear correlation between HGB levels and nine
specific malignant tumors. Subsequently, MRAs were
performed based on GWAS data to assess the causal rela-
tionship between HGB levels and 15 malignant tumors.
The findings indicate that HGB acts as a protective fac-
tor for PRCA. The robustness of these MRA results was
confirmed through various analytical methods. More-
over, elevated HGB levels may function as a protective

prognostic factor for patients with PRCA based on the
in-house cohort. In summary, this study provides novel
insights into the causal relationship between HGB levels
and 15 common malignant tumors.

HGB appears to play diverse roles in different malig-
nant tumors. Previous studies have suggested that
decreased HGB levels are associated with an increased
risk of tumors originating from various human body sys-
tems. For instance, Taylor et al. [18] demonstrated that
preoperative anemia is linked to reduced overall sur-
vival in patients undergoing lung cancer surgery. Hako-
zaki et al. [19] identified low HGB levels (<11 g/dL) as
a prognostic risk factor for PRCA patients. Regarding
BLCA, individuals with higher HGB levels are less likely
to develop the disease, with high HGB serving as a pro-
tective factor in patient prognosis [7, 8]. Similarly, lower
HGB levels were observed in patients with breast can-
cer compared to controls [20], and those patients with
elevated HGB levels showed reduced tumor metastasis
[21]. Moreover, our large-scale retrospective analysis
validated that increased HGB levels may correlate with a
decreased risk of lung cancer and PRCA. A similar trend
was observed in five other cancers, including colon can-
cer, esophagus cancer, stomach cancer, bone cancer, and
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renal cancer. Conversely, elevated HGB levels were asso-
ciated with an increased risk for patients with cervical
cancer, melanoma, and non-melanoma skin cancer. These
findings suggest that fluctuations in HGB levels may
influence the risk of malignant tumors, contingent upon
the specific tumor type. Notably, some of these findings
in our study represent novel contributions to the existing
literature, underscoring the significance of these results.
This study delves further into elucidating the causal
relationship between HGB and 15 common malignant
tumors. As previously mentioned, both earlier research
and our retrospective analysis have indicated that

fluctuations in HGB levels are associated with the risk of
at least 10 malignant tumors. Notably, for PRCA, previ-
ous studies have reported the relationship between high
HBG values and the favorable prognosis of this disease
[19, 22, 23]. This is also verified in our analysis of the in-
house data. In our study, further MRAs identified that
high HGB levels are advantageous in reducing the risk of
PRCA onset. These results indicate that high HGB levels
can be used not only to assess the prognosis of patients
with PRCA but also to reduce the risk of PRCA onset in
the population. However, although MRAs suggest the
causal relationship between HGB and the risk of PRCA
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tests

occurrence, no similar association was observed between
this marker and the remaining 14 malignant tumors.
For instance, in the case of BLCA, previous research has
highlighted the protective prognostic effect of high HGB
levels, and a retrospective analysis has also suggested that
individuals with elevated HGB levels have a lower sus-
ceptibility to BLCA [7, 8]. However, MRAs did not pro-
vide evidence to support the notion that elevated HGB
levels were causative factors for BLCA. In contrast to
retrospective analysis, MRAs are less susceptible to con-
founding factors and can elucidate the causal relation-
ship between HGB levels and specific outcomes (such as
PRCA), highlighting the importance of causal inference
analysis.

The precise role of HGB in the progression of PRCA
remains elusive. HGB, primarily found in red blood cells,
plays a pivotal role in oxygen and carbon dioxide trans-
port within the body. Aberrant alterations in HGB levels

may be linked to tumor initiation and progression [24,
25]. On one hand, HGB deficiency can induce bodily
hypoxia, leading to heightened oxygen radical genera-
tion, DNA damage, and genomic instability, thus foster-
ing tumor development [26, 27]. On the other hand, HGB
may impede blood flow and oxygen delivery by constrict-
ing blood vessel diameter, thereby diminishing nutrient
supply to tumor tissues and impeding tumor cell prolif-
eration [28, 29]. These attributes of HGB may confer an
anti-cancer effect in tumors including PRCA. Regretta-
bly, current literature lacks reports elucidating the role
of HGB in the advancement of PRCA, underscoring the
imperative for further in vivo and in vitro experiments to
elucidate this phenomenon.

Several limitations are inherent to this study. Firstly,
the MRA segment of this study exclusively relies on
analyses of European populations, necessitating valida-
tion of these conclusions in other demographic cohorts
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in future investigations. Secondly, while this study posits
a causal correlation between HGB levels and PRCA, the
finding warrants validation through prospective studies.
Additionally, HGB values may vary due to differences in
testing institutions and equipment. Future prospective
trials should adopt strict and standardized methods to
measure HGB values in large populations. Considering
that HGB levels may fluctuate over different time peri-
ods, measuring HGB levels of participants multiple times
within a reasonable timeframe and calculating the aver-
age might be a more reliable strategy than a single mea-
surement. Thirdly, although we were unable to perform
animal experiments due to limited conditions, future
efforts should aim to conduct in vivo and in vitro experi-
ments to unravel the molecular mechanisms underpin-
ning HGB function in PRCA and other cancers.

In summary, this study explores the association
between HGB and various tumors, revealing its protec-
tive prognostic role in PRCA and its causal relationship
with PRCA risk.
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